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(57) ABSTRACT 

The present invention aims at providing a method for forming 
a metal oxide ?lm Which can further improve the production 
ef?ciency While maintaining loW resistance of a metal oxide 
?lm formed thereby. In the method for forming a metal oxide 
?lm of the present invention, a solution (4) containing a 
metallic element and ammonia (4a) is formed into a mist. 
Meanwhile, a substrate (2) is heated. Then, the solution (4) 
formed into a mist is supplied onto a ?rst main surface of the 
substrate (2) being heated. 
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METHOD FOR FORMING METAL OXIDE 
FILM, METAL OXIDE FILM, AND 

APPARATUS FOR FORMING METAL OXIDE 
FILM 

TECHNICAL FIELD 

[0001] The present invention relates to a method for form 
ing a metal oxide ?lm by Which a metal oxide ?lm is formed 
on a substrate, and an apparatus for forming a metal oxide ?lm 
Which can perform the method for forming a metal oxide ?lm. 
Moreover, the present invention relates to a metal oxide ?lm 
formed by the method for forming a metal oxide ?lm. 

BACKGROUND ART 

[0002] In the ?eld of a solar cell, a light-emitting device and 
a touch panel, a metal oxide ?lm is formed on a substrate. 
Conventionally, there are Patent Documents 1, 2, and 3 as a 
non-vacuum ?lm forming technique Which forms a metal 
oxide ?lm on a substrate. 

[0003] In the technique of Patent Document 1, a metal 
oxide ?lm is formed on a substrate by bringing a solution in 
Which a metal salt or a metal complex is dissolved into contact 
With a heated substrate. In this technique, at least one of an 
oxidizing agent and a reducing agent is contained in the 
solution. 
[0004] In the technique of Patent Document 2, a tetrabutyl 
tin solution or a tin tetrachloride solution, in Which hydrogen 
peroxide is added as an oxidizing agent, is sprayed onto a 
preheated substrate and thermally decomposed. Then, after 
the substrate temperature loWered by spraying of the solution 
returns, the solution is sprayed repeatedly. Thereby, a thin 
?lm of tin oxide is groWn on the surface of the substrate. 
[0005] In the technique of Patent Document 3, a solution in 
Which a thin ?lm material is dissolved in a volatile solvent is 
intermittently sprayed toWard a substrate kept hot from above 
to form a transparent conductive ?lm on the surface of the 
substrate. In this technique, intermittent spraying is high 
speed pulsed intermittent spraying in Which one spraying 
duration is 100 milliseconds or less. 
[0006] PRIOR ART DOCUMENTS 

Patent Documents 

[0007] Patent Document 1: Japanese Patent Application 
Laid-Open No. 2006-160600 
[0008] Patent Document 2: Japanese Patent Application 
Laid-Open No. 2002-146536 
[0009] Patent Document 3: Japanese Patent Application 
Laid-Open No. 2007-144297 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

[0010] In the present situation, a ?lm forming method is 
desired, Which can further improve the production e?iciency 
While maintaining loW resistance of a metal oxide ?lm formed 
thereby. 
[0011] Thus, it is an object of the present invention to 
provide a method for forming a metal oxide ?lm Which can 
further improve the production e?iciency While maintaining 
loW resistance of a metal oxide ?lm formed thereby, and an 
apparatus for forming a metal oxide ?lm Which can perform 
the method for forming a metal oxide ?lm. The present inven 
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tion also aims to provide a metal oxide ?lm formed by the 
method for forming a metal oxide ?lm. 

Means for Solving the Problems 

[0012] In order to achieve the above-mentioned object, in 
accordance With the present invention, in the method for 
forming a metal oxide ?lm and the apparatus for forming a 
metal oxide ?lm, a solution containing a metallic element and 
ammonia is formed into a mist. MeanWhile, a substrate is 
heated. Then, the solution formed into a mist is supplied onto 
a ?rst main surface of the substrate being heated. 

EFFECTS OF THE INVENTION 

[0013] In accordance With the present invention, in the 
method for forming a metal oxide ?lm and the apparatus for 
forming a metal oxide ?lm, a solution containing a metallic 
element, Which is formed into a mist, is supplied onto the ?rst 
main surface of the substrate being heated. The solution also 
contains ammonia. 

[0014] Therefore, the method for forming a metal oxide 
?lm and the apparatus for forming a metal oxide ?lm of the 
present invention can further improve the production e?i 
ciency of the metal oxide While maintaining loW resistance of 
a metal oxide ?lm formed thereby. 

[0015] The object, features, aspects and advantages of the 
present invention Will become more apparent from the fol 
loWing detailed description and the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a draWing shoWing a schematic con?gura 
tion of an apparatus for forming a metal oxide ?lm of 
Embodiment l. 

[0017] FIG. 2 is a draWing for illustrating a method of 
preparing a solution containing a designated content of 
ammonia. 

[0018] FIG. 3 is a graph shoWing a relationship among the 
ammonia content, carrier concentration and mobility, Which 
is used in determining the content of ammonia in a solution 4. 

[0019] FIG. 4 is a graph shoWing a relationship among the 
ammonia content, carrier concentration and mobility, Which 
is used in determining the content of ammonia in the solution 
4. 

[0020] FIG. 5 is a graph for illustrating the effect in the case 
of employing a method for forming a ?lm of Embodiment l. 

[0021] FIG. 6 is another graph for illustrating the effect in 
the case of employing a method for forming a ?lm of Embodi 
ment 1. 

[0022] FIG. 7 is another graph for illustrating the effect in 
the case of employing a method for forming a ?lm of Embodi 
ment 1. 

[0023] FIG. 8 is another graph for illustrating the effect in 
the case of employing a method for forming a ?lm of Embodi 
ment 1. 

[0024] FIG. 9 is a draWing shoWing a schematic con?gura 
tion of an apparatus for forming a metal oxide ?lm of 
Embodiment 2. 
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[0025] FIG. 10 is a graph for illustrating the effect in the 
case of employing a method for forming a ?lm of Embodi 
ment 2. 

EMBODIMENTS FOR CARRYING OUT THE 
INVENTION 

Embodiment 1 

[0026] FIG. 1 is a drawing shoWing a schematic con?gura 
tion of an apparatus for forming a metal oxide ?lm of the 
present embodiment. 
[0027] As shoWn in FIG. 1, an apparatus 100 for forming a 
metal oxide ?lm of Embodiment 1 is con?gured of a reaction 
chamber 1, a heating unit 3, a solution container 5 and a mist 
forming unit 6. 
[0028] In the ?lm forming apparatus 100, a spray pyrolysis 
method, a pyrosol method, a mist deposition method or the 
like is carried out. That is, in the ?lm forming apparatus 100, 
by spraying a predetermined solution formed into a mist onto 
a ?rst main surface of a substrate 2, a predetermined metal 
oxide ?lm can be formed on the ?rst main surface of the 
substrate 2. 
[0029] In a state Where the substrate 2 is placed on the 
heating unit 3, a metal oxide ?lm is formed on the ?rst main 
surface of the substrate 2 by a predetermined reaction in the 
reaction chamber 1. In addition, in the state Where the sub 
strate 2 is placed on the heating unit 3, a second main surface 
of the substrate 2 contacts the heating unit 3. As is apparent 
from this description, the ?rst main surface of the substrate 2, 
referred to in the present speci?cation, is a main surface of the 
substrate 2 on a side Where the metal oxide ?lm is formed. On 
the other hand, the second main surface of the substrate 2, 
referred to in the present speci?cation, is a main surface of the 
substrate 2 on a side Where the substrate 2 is placed on the 
heating unit 3. 
[0030] Here, the metal oxide ?lm may be formed on the 
substrate 2 under an atmospheric pressure by setting the inter 
nal pressure of the reaction chamber 1 at an atmospheric 
pressure, or the metal oxide ?lm may be formed on the sub 
strate 2 in an atmosphere of a reduced pressure While reducing 
the internal pressure of the reaction chamber 1 Within a range 
of 0.0001 to 0.1 MPa. 
[0031] As the substrate 2, a glass substrate, a plastic sub 
strate, a resin ?lm and the like, Which are used in the ?elds of 
a solar cell, a light-emitting device, a touch panel and a 
?at-panel display such as a liquid crystal panel, can be 
employed. 
[0032] The heating unit 3 is a heater or the like and can heat 
the substrate 2 placed on the heating unit 3. The heating 
temperature of the heating unit 3 is adjusted by an external 
control part, and the heating unit 3 is heated to a metal oxide 
?lm forming temperature during ?lm forming treatment. 
[0033] The solution container 5 is ?lled With a material 
solution (hereinafter, referred to as a solution) 4 containing a 
metal salt, a metal complex or a metal alkoxide compound 
dissolved therein as a metal source. The metal source con 

tained in the solution 4 can be arbitrarily selected according to 
the use of the metal oxide ?lm to be formed. For example, 
titanium (Ti), Zinc 
[0034] (Zn), indium (In) and tin (Sn), or at least any one 
thereof can be employed as the metal source. 

[0035] Further, the dopant source described later does not 
have to be contained in the solution 4. HoWever, it is desired 
that at least any one metallic element of boron (B), nitrogen 
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(N), ?uorine (F), magnesium (Mg), aluminum (Al), phospho 
rus (P), chlorine (Cl), gallium (Ga), arsenic (As), niobium 
(Nb), indium (In) and antimony (Sb) is contained in the solu 
tion 4 as a dopant source. 

[0036] Water, alcohols such as ethanol and methanol, and 
mixed solutions thereof can be employed as a solvent of the 
solution 4. 

[0037] Further, in the present invention, the solution 4 con 
tains ammonia. 
[0038] As shoWn in FIG. 2, the ?lm forming apparatus 100 
includes a container 511 and a container 5b separately. The 
container 511 houses, for example, an ammonia (NH3) solu 
tion 4a, of Which concentration by volume is 28 vol %. On the 
other hand, the container 5b houses components other than 
the ammonia 4a, namely, a solution (hereinafter, referred to as 
a source solution) 4b made of the above-mentioned metal 
source, the above-mentioned solvent and/ or the above-men 
tioned dopant source. 

[0039] An operation on the ?lm forming apparatus 100 is 
externally performed in order to prepare the solution 4. The 
operation is an operation for adjusting/ determining the con 
tent of ammonia in the solution 4. When the operation is 
performed on the ?lm forming apparatus 100, a predeter 
mined amount of the ammonia solution 411 is output from the 
container 5a, and another predetermined amount of the 
source solution 4b is output from the container 5b. Accord 
ingly, the respectively output ammonia solution 411 and 
source solution 4b are supplied to the solution container 5, 
and the solution 4 containing ammonia With the content deter 
mined by the above-mentioned operation is prepared in the 
solution container 5. 

[0040] For example, an ultrasonic atomiZer can be 
employed as the mist forming unit 6. The mist forming unit 6 
Which is the ultrasonic atomiZer forms the solution 4 in the 
solution container 5 into a mist by applying an ultrasonic 
Wave to the solution 4 in the solution container 5. The solution 
4 formed into a mist is supplied toWard the ?rst main surface 
of the substrate 2 in the reaction chamber 1 through a path L1. 

[0041] In addition, When the misty solution 4 is supplied to 
the reaction chamber 1, the solution 4 reacts on the substrate 
2 being heated and a predetermined metal oxide ?lm is 
formed on the ?rst main surface of the substrate 2. The metal 
oxide ?lm formed depends on the kind of the solution 4, and 
examples thereof include transparent conductive ?lms such 
as indium oxide, Zinc oxide, and tin oxide ?lms. Here, unre 
acted oZone or solution 4 in the reaction chamber 1 is alWays 
(continuously) discharged out of the reaction chamber 1 
through a path L3. 
[0042] Next, a method for forming a metal oxide ?lm of the 
present embodiment Will be described. 

[0043] First, the solution 4 is prepared by mixing the 
ammonia solution 411 With the source solution 4b. 

[0044] Speci?cally, the ?lm forming apparatus 100 
includes an input part so that the content of ammonia in the 
solution 4 can be input/selected. A user performs the opera 
tion of input or selection of a value desired as the ammonia 
content on the input part. Then, an ammonia solution 411 is 
output from the container 511 in a ?rst amount according to the 
operation. On the other hand, a source solution 4b is output 
from the container 5b in a second amount according to the 
operation. Then, the respectively output ammonia solution 411 
and source solution 4b are supplied to the solution container 
5, and a solution 4 is prepared in the solution container 5. 
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Here, the content of ammonia in the solution 4 is a desired 
value in the above-mentioned operation. 
[0045] Here, the present inventors found out that relation 
ships shoWn in FIGS. 3 and 4 exist among the ammonia 
content in the solution 4, the carrier concentration of the metal 
oxide ?lm formed and the mobility of the metal oxide ?lm 
formed. 
[0046] Vertical axes on a left side in FIGS. 3 and 4 indicate 
the carrier concentration (cm-3) of the metal oxide ?lm 
formed. Further, vertical axes on a right side in FIGS. 3 and 4 
indicate the mobility (cm2/V~s) of the metal oxide ?lm 
formed. The horiZontal axis in FIG. 3 indicates a molar ratio 
of ammonia (N H3) to Zinc (Zn). Further, the horiZontal axis in 
FIG. 4 indicates the content (ml) of the ammonia solution 4a, 
of Which concentration by volume is 28 vol %, in 100 ml of 
the source solution 4b. Further, “square marks” in FIGS. 3 
and 4 are data showing a relationship betWeen the ammonia 
content and the carrier concentration. Further, “triangular 
marks” in FIGS. 3 and 4 are data shoWing a relationship 
betWeen the ammonia content and the mobility. 
[0047] Here, as the “source solution” 4b in FIG. 4, a solu 
tion, Which is formed by adding Zinc acetyl acetonate and 
gallium acetyl acetonate to a mixed solution made of Water 
and nine times its volume of methanol and has a Zinc molar 
concentration of 0.02 mol/L, is employed. 
[0048] It is understood from FIG. 3 that the carrier concen 
tration of the metal oxide ?lm formed is reduced as the con 
tent of ammonia to the content of Zinc as a metal source 

increases in the solution 4. Further, it is understood from FIG. 
3 that the mobility of the metal oxide ?lm formed is increased 
as the content of ammonia to the content of Zinc as a metal 
source increases in the solution 4. 
[0049] Further, it is understood from FIG. 4 that the carrier 
concentration of the metal oxide ?lm formed is reduced as the 
ammonia content increases in the solution 4. Further, it is 
understood from FIG. 4 that the mobility of the metal oxide 
?lm formed is increased as the ammonia content increases in 
the solution 4. 
[0050] As is Well known, the resistivity of the metal oxide 
?lm formed is proportional to an inverse number of carrier 
concentration><mobility. 
[0051] Accordingly, data shoWn in FIGS. 3 and 4 are pre 
viously prepared prior to preparation of the solution 4. More 
over, physical properties (e.g., transmittance) of the metal 
oxide ?lm, Which vary by changes in user, and the resistivity, 
mobility and carrier concentration of a metal oxide ?lm 
formed, are considered. When the selection/input operation 
of the ammonia content is performed, a user considers the 
above-mentioned matters and determines the content of 
ammonia in the solution 4 according to use of the metal oxide 
?lm formed, by use of data shoWn in FIGS. 3 and 4. 
[0052] After the solution 4 is prepared in the solution con 
tainer 5, the solution 4 is formed into a mist by the mist 
forming unit 6 in the solution container 5. The solution 4 
formed into a mist is supplied to the reaction chamber 1 
through the path L1. 
[0053] On the other hand, the substrate 2 placed on the 
heating unit 3 is heated to a metal oxide ?lm forming tem 
perature by the heating unit 3, and the temperature of the 
substrate 2 is maintained at the metal oxide ?lm forming 
temperature. For example, the temperature of the substrate 2 
is maintained at 300° C. or less. 

[0054] The misty solution 4 is supplied to the ?rst main 
surface of the substrate 2 being heated. Thereby, a predeter 
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mined metal oxide ?lm is formed on the ?rst main surface of 
the substrate 2 present in the reaction chamber 1. 
[0055] Here, the step of forming a ?lm may be a step of 
supplying the solution 4 to the substrate 2 disposed under an 
atmospheric pressure and forming a metal oxide ?lm on the 
substrate 2. On the other hand, it is also possible to employ a 
step of supplying the solution 4 to the substrate 2 disposed in 
an atmosphere of a reduced pressure (e.g., 0.0001 to 0.1 MPa) 
by including additionally a vacuum pump (not shoWn) 
capable of reducing the internal pressure of the reaction 
chamber 1 in the ?lm forming apparatus 100, and forming a 
metal oxide ?lm on the substrate 2. 
[0056] As described above, in the method for forming a 
metal oxide ?lm of the present embodiment, the solution 4 
containing ammonia in addition to the metallic element is 
formed into a mist. Moreover, in the reaction chamber 1, the 
misty solution 4 is brought into contact With the heated sub 
strate 2. 

[0057] Therefore, the method can further improve the pro 
duction ef?ciency of the metal oxide While maintaining loW 
resistance of a metal oxide ?lm formed thereby. FIGS. 5 and 
6 are graphs shoWing experimental data to illustrate the 
above-mentioned effect. 
[0058] FIG. 5 shoWs the results of measurement of the ?lm 
thickness of the metal oxide ?lm formed When the molar ratio 
of ammonia to Zinc contained in the solution 4 is varied. The 
vertical axis in FIG. 5 indicates the ?lm thickness (nm) of the 
metal oxide ?lm formed, and the horiZontal axis in FIG. 5 
indicates the molar ratio represented by the number of moles 
of ammonia (NH3)/the number of moles of Zinc (Zn). 
[0059] FIG. 6 shoWs the results of measurement of a ?lm 
thickness of the metal oxide ?lm formed When the amount of 
the ammonia solution 4a, of Which concentration by volume 
is 28 vol %, in 100 ml ofthe source solution 4b is varied. The 
vertical axis in FIG. 6 indicates the ?lm thickness (nm) of the 
metal oxide ?lm formed, and the horiZontal axis in FIG. 6 
indicates the content (ml) of the ammonia solution 4a, of 
Which concentration by volume is 28 vol %, in 100 ml of the 
source solution 4b. 

[0060] Here, in FIGS. 5 and 6, only the content of ammonia 
in the solution 4 is varied and the contents of other compo 
nents in the solution 4 are not varied. Further, ?lm forming 
conditions (such as heating temperature of the substrate 2, 
atmosphere in the reaction chamber 1, and ?lm forming reac 
tion time) of the metal oxide ?lms in the respective data in 
FIGS. 5 and 6 are identical With one another. 

[0061] As the source solution 4b in FIG. 6, a solution, 
Which is formed by adding Zinc acetyl acetonate and gallium 
acetyl acetonate to a mixed solution made of Water and nine 
times its volume of methanol and has a Zinc molar concen 
tration of 0.02 mol/L, is employed. 
[0062] In FIGS. 5 and 6, the heating temperature of the 
substrate 2 is 280 to 2900 C., and a metal oxide ?lm is formed 
under the condition that the substrate 2 is placed in an atmo 
spheric pressure. 
[0063] Accordingly, as is apparent from the results shoWn 
in FIGS. 5 and 6, When the solution 4 contains ammonia, the 
?lm forming rate of the metal oxide ?lm is improved by about 
three times. By improvement of the ?lm forming rate, it is 
possible to form a metal oxide ?lm having a predetermined 
?lm thickness in a short time. Therefore, the improvement of 
the ?lm forming rate means that production ef?ciency of the 
metal oxide is improved When the solution 4 contains ammo 
n1a. 



US 2012/0040083 A1 

[0064] Further, it is apparent from the experimental data 
shown in FIGS. 7 and 8 that even When the solution 4 contains 
ammonia, the sheet resistance of the metal oxide ?lm formed 
thereby is maintained at a value of loW resistance. 
[0065] Here, FIG. 7 shoWs the results of measurement of 
the resistivity and the sheet resistance of the metal oxide ?lm 
formed When the molar ratio of ammonia to Zinc contained in 
the solution 4 is varied. The vertical axis on a left side in FIG. 
7 indicates the resistivity (Qcm) of the metal oxide ?lm 
formed, and the vertical axis on a right side in FIG. 7 indicates 
the sheet resistance (Q/sq) of the metal oxide ?lm formed. 
The horiZontal axis in FIG. 7 indicates the molar ratio repre 
sented by the number of moles of ammonia (NH3)/the num 
ber of moles of Zinc (Zn). 
[0066] Further, FIG. 8 shoWs the results of measurement of 
the resistivity and sheet resistance of the metal oxide ?lm 
formed When the amount of the ammonia solution 4a, of 
Which concentration by volume is 28 vol %, in 100 ml of the 
source solution 4b is varied. The vertical axis on a left side in 
FIG. 8 indicates the resistivity (Qcm) of the metal oxide ?lm 
formed, and the vertical axis on a right side in FIG. 8 indicates 
the sheet resistance (Q/sq) of the metal oxide ?lm formed. 
The horiZontal axis in FIG. 8 indicates the content (ml) of the 
ammonia solution 4a, of Which concentration by volume is 28 
vol %, in 100 ml of the source solution 4b. 
[0067] Here, in FIGS. 7 and 8, only the content of the 
ammonia 4a in the solution 4 is varied and the contents of 
other components in the solution 4 are not varied. Further, 
?lm forming conditions (such as heating temperature of the 
substrate 2, atmosphere in the reaction chamber 1, and ?lm 
forming reaction time) of the metal oxide ?lms in the respec 
tive data in FIGS. 7 and 8 are identical With one another. 
[0068] Further, as the source solution 4b in FIG. 8, a solu 
tion, Which is formed by adding Zinc acetyl acetonate and 
gallium acetyl acetonate to a mixed solution made of Water 
and nine times its volume of methanol and has a Zinc molar 
concentration of 0.02 mol/L, is employed. 
[0069] In FIGS. 7 and 8, the heating temperature of the 
substrate 2 is 280 to 290° C., and a metal oxide ?lm is formed 
under the condition that the substrate 2 is placed in an atmo 
spheric pressure. 
[0070] Accordingly, as is apparent from the results shoWn 
in FIGS. 7 and 8, even When the solution 4 contains ammonia, 
the sheet resistance of the metal oxide ?lm formed thereby is 
maintained at a value of loW resistance. As shoWn in FIG. 7, 
the sheet resistance of the metal oxide ?lm formed by use of 
the solution 4 containing ammonia is smaller than the sheet 
resistance of the metal oxide ?lm formed by use of the solu 
tion not containing ammonia. That is, in FIGS. 7 and 8, When 
the solution not containing ammonia is used, the sheet resis 
tance of the metal oxide ?lm formed thereby becomes the 
maximum value. 
[0071] Herein, generally, it is possible to improve the ?lm 
forming rate of the metal oxide ?lm by increasing the amount 
of the metal source to serve as a solute in the solution not 

containing ammonia. HoWever, When the method of increas 
ing the content of the metal source is employed, the resistivity 
and the sheet resistance of the metal oxide ?lm formed are 
considerably deteriorated. 
[0072] On the other hand, in the present embodiment, since 
the solution 4 contains ammonia, it becomes possible to 
improve the ?lm forming rate of the metal oxide ?lm formed 
While maintaining loW resistance thereof, as described With 
reference to FIGS. 5 to 8. 

Feb. 16, 2012 

[0073] Moreover, in the present embodiment, data shoWn 
in FIGS. 3 and 4 are previously prepared, and the content of 
ammonia in the solution 4 is determined by use of the data. 
[0074] Therefore, it is possible to provide a metal oxide 
?lm having proper physical properties in accordance With the 
use of the metal oxide ?lm formed. For example, When the 
carrier concentration is increased, the resistivity of the metal 
oxide ?lm formed can be improved (or reduced). HoWever, 
When the carrier concentration is increased, transmittance of 
the metal oxide ?lm formed is deteriorated particularly in an 
infrared region. On the other hand, When the metal oxide ?lm 
is used as a transparent conductive ?lm for a solar cell Which 
absorbs not only visible light but also infrared light, and 
generates electricity, e. g., a CIGS (copper indium gallium 
diselenide)-based solar cell, loW resistance and high transmit 
tance of light including an infrared region are required. 
Accordingly, in the above-mentioned case, from FIGS. 3 and 
4, it is not preferred to set the ammonia concentration in the 
solution 4 at a loW level, and it is preferred to set the ammonia 
concentration in the solution 4 at a high level. 
[0075] As described above and shoWn in the present 
embodiment, by adjusting the content of ammonia in the 
solution 4, it is possible to adjust the carrier concentration and 
the mobility of the metal oxide ?lm formed, and as a result of 
this, it is possible to provide a metal oxide ?lm having physi 
cal properties in accordance With the use of the metal oxide 
?lm. 
[0076] Further, When the content of ammonia in the solu 
tion 4 containing Zinc as a metallic element is determined, it 
is desired that the solution 4 containing the folloWing amount 
of ammonia is prepared and a metal oxide ?lm is formed by 
use of the prepared solution 4. Here, the solution 4 is a 
solution in Which the number of moles of ammonia per liter of 
the solution 4 is more than “0.15 mol/L”, or a solution in 
Which the ratio of the number of moles of ammonia to the 
number of moles of Zinc is more than “7.34”. The reason Why 
the solution 4 containing such an amount of ammonia is 
preferred is derived from experimental data in FIGS. 7 and 8. 
[0077] It is understood from FIG. 7 that the sheet resistance 
of the metal oxide ?lm formed decreases sharply by setting 
the ratio of the number of moles of ammonia to the number of 
moles of Zinc higher than “7.34”. Similarly, it can be derived 
from FIG. 8 that the sheet resistance of the metal oxide ?lm 
formed decreases sharply by setting the amount of ammonia 
in the source solution 4b larger than “0.15 mol/L”. 
[0078] That is, the sheet resistance of the metal oxide ?lm 
formed can be decreased sharply by forming a metal oxide 
?lm by use of the solution 4 having a larger ammonia content 
than the above-mentioned values. In addition, it is also under 
stood from FIGS. 7 and 8 that the resistivity of the metal oxide 
?lm formed can be decreased sharply by forming a metal 
oxide ?lm by use of the solution 4 having a larger ammonia 
content than the above-mentioned values. 

[0079] Herein, FIGS. 7 and 8 shoW the results of experi 
ments carried out based on the folloWing conditions, as 
described above. That is, a metallic element contained in the 
solution 4 is Zinc, and the molar concentration of Zinc in the 
solution 4 is 0.02 mol/L. Moreover, the ammonia solution 
(the molar concentration of the ammonia solution is 14.76 
mol/ L, the speci?c gravity of the ammonia solution is 0.8996 
g/cm3) 411 having a concentration by volume of 28 vol % is 
employed. 
[0080] It is understood from FIG. 8 that the sheet resistance 
and the resistivity of the metal oxide ?lm decrease sharply 
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When the above-mentioned ammonia solution 411 is added in 
an amount of more than 1 ml to 100 ml of the source solution 
4b (that is, the amount ofthe solution 4 is 101 ml). Ifthis 1 ml 
is converted into the number of moles of ammonia in the 1 
liter of the solution 4 (the ammonia solution+the source solu 
tion), this 1 ml corresponds to the above-mentioned “0.15 
mol/ L”. In the above-mentioned conversion, 17 g/mol is used 
as the mass number of NH3. 
[0081] Further, at least any one of titanium, Zinc, indium 
and tin can be employed as the metal source contained in the 
solution 4. When these metal source are employed, a trans 
parent conductive ?lm can be formed on the substrate 2. 
[0082] Further, in a state Where titanium, Zinc, indium and 
tin are contained in the solution 4, at least any one of boron, 
nitrogen, ?uorine, magnesium, aluminum, phosphorus, chlo 
rine, gallium, arsenic, niobium, indium and antimony may be 
contained in the solution 4 as a dopant. 
[0083] Some kinds of the dopant can bring a metal oxide 
?lm (transparent conductive ?lm), Which is an n-type semi 
conductor, into a more electron-rich state. In this case, electric 
resistance of the metal oxide ?lm (transparent conductive 
?lm) formed can be further reduced. Further, some kinds of 
the dopant can change a metal oxide ?lm to a p-type semi 
conductor. In the metal oxide ?lm of the p-type semiconduc 
tor, a hole can serve as a carrier to have a conductive property, 
and the metal oxide ?lm becomes more useful as a light 
emitting device rather than as a transparent conductive ?lm. 
[0084] Further, as described above, the metal oxide ?lm 
may be formed on the substrate 2 under an atmospheric pres 
sure by setting the internal pressure of the reaction chamber 1 
at an atmospheric pressure. Thereby, equipment such as a 
vacuum apparatus can be omitted, and therefore the cost of 
the ?lm forming apparatus 100 can be reduced. 
[0085] On the other hand, as described above, a vacuum 
pump capable of reducing the internal pressure of the reaction 
chamber 1 may be provided. Then, a metal oxide ?lm may be 
formed on the substrate 2 in an atmosphere of a reduced 
pressure While reducing the internal pressure of the reaction 
chamber 1 Within a range of 0.0001 to 0.1 MPa. Thereby, the 
cost of the ?lm forming apparatus 100 increases, but it 
becomes possible to form a metal oxide ?lm of better quality 
than the metal oxide ?lm formed in an atmospheric pressure 
on the substrate 2. 

Embodiment 2 

[0086] FIG. 9 is a draWing shoWing a schematic con?gura 
tion of an apparatus for forming a metal oxide ?lm of the 
present embodiment. 
[0087] As is apparent from the comparison betWeen FIG. 1 
and FIG. 9, an apparatus 200 for forming a metal oxide ?lm of 
the present embodiment is con?gured With an oZone genera 
tor 7 in addition to the apparatus 100 for forming a metal 
oxide ?lm of Embodiment 1. Further, in the ?lm forming 
apparatus 200, a path L2 is disposed in order to supply oZone 
from the oZone generator 7 to the reaction chamber 1. 
[0088] The con?guration of the ?lm forming apparatus 200 
is similar to that of the ?lm forming apparatus 100 except that 
the oZone generator 7 and the path L2 are additionally pro 
vided. Therefore, refer to Embodiment 1 for the descriptions 
of equipment other than those of the oZone generator 7 and the 
path L2. 
[0089] The oZone generator 7 can generate oZone. The 
oZone generated in the oZone generator 7 is supplied toWard 
the ?rst main surface of the substrate 2 in the reaction cham 
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ber 1 through the path L2 different from the path L1. In the 
oZone generator 7, for example, an oxygen molecule is 
decomposed by applying a high voltage betWeen parallel 
electrodes disposed in parallel and passing oxygen betWeen 
the electrodes, and oZone can be generated by coupling the 
decomposed oxygen With another oxygen molecule. 
[0090] In addition, When oZone and the misty solution 4 is 
supplied to the reaction chamber 1, the oZone reacts With the 
solution 4 on the substrate 2 being heated and a predetermined 
metal oxide ?lm is formed on the ?rst main surface of the 
substrate 2. The metal oxide ?lm formed depends on the kind 
of the solution 4, and examples thereof include transparent 
conductive ?lms such as indium oxide, Zinc oxide, and tin 
oxide ?lms. Here, the unreacted oZone or solution 4 in the 
reaction chamber 1 is alWays (continuously) discharged out 
of the reaction chamber 1 through the path L3. 
[0091] Next, a method for forming a metal oxide ?lm of the 
present embodiment Will be described. 
[0092] First, as described in Embodiment 1 (refer to FIGS. 
2, 3 and 4), the content of ammonia in the solution 4 is 
determined. Then, the solution 4 containing the determined 
content of ammonia is prepared in the solution container 5. 
[0093] After the solution 4 is prepared in the solution con 
tainer 5, the solution 4 is formed into a mist by the mist 
forming unit 6 in the solution container 5. The solution 4 
formed into a mist is supplied to the reaction chamber 1 
through the path L1. Further, oZone is generated in the oZone 
generator 7. The generated oZone is supplied to the reaction 
chamber 1 through the path L2. 
[0094] MeanWhile, the substrate 2 placed on the heating 
unit 3 is heated to a metal oxide ?lm forming temperature by 
the heating unit 3, and the temperature of the substrate 2 is 
maintained at the metal oxide ?lm forming temperature. For 
example, the temperature of the substrate 2 is maintained at 
2500 C. or less. 

[0095] The oZone and the misty solution 4 are supplied to 
the ?rst main surface of the substrate 2 being heated. The 
contact of the oZone and the misty solution 4 With the heated 
substrate 2 causes the thermal decomposition of the oZone to 
produce an oxygen radical, and the decomposition of the 
solution 4 is accelerated by the oxygen radical to form a 
predetermined metal oxide ?lm on the ?rst main surface of 
the substrate 2. 
[0096] Here, the step of forming a ?lm may be a step of 
supplying the solution 4 and the oZone to the substrate 2 
disposed under an atmospheric pressure and forming a metal 
oxide ?lm on the substrate 2. On the other hand, it is also 
possible to employ a step of supplying the solution 4 and the 
oZone to the substrate 2 disposed in an atmosphere of a 
reduced pressure (e.g., 0.0001 to 0.1 MPa) by including addi 
tionally a vacuum pump (not shoWn) capable of reducing the 
internal pressure of the reaction chamber 1 in the ?lm forming 
apparatus 200, and forming a metal oxide ?lm on the sub 
strate 2. 

[0097] As described above, in the method for forming a 
metal oxide ?lm of the present embodiment, the solution 4 
containing a metal salt, a metal complex or a metal alkoxide 
compound, dissolved therein as a metal source, is formed into 
a mist. Moreover, in the reaction chamber 1 in an atmosphere 
containing oZone, the misty solution 4 is brought into contact 
With the heated substrate 2. 
[0098] Therefore, since oZone and active oxygen produced 
by the decomposition of oZone due to heat or the like are 
highly reactive, decomposition/oxidation of material com 
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pounds in the solution 4 is accelerated. Thereby, the metal 
oxide ?lm can be formed on the substrate 2 even under loW 
temperature heating. The decomposition of oZone starts from 
about 200° C. (that is, the oxygen radical starts to be produced 
from oZone by a heating temperature of 200° C.). Therefore, 
even When the heating temperature of the substrate 2 is about 
200° C., a metal oxide ?lm can be formed on the substrate 2. 

[0099] Further, by employing the method for forming a 
metal oxide ?lm of the present embodiment, it is possible to 
further reduce the sheet resistance of a metal oxide ?lm 
formed in a loW-temperature region of the heating tempera 
ture of the substrate 2 in comparison With Embodiment 1. 
FIG. 10 shoWs experimental data shoWing the effect of the 
invention of the present embodiment. 
[0100] The vertical axis in FIG. 10 indicates the sheet resis 
tance (9/ sq) of the metal oxide ?lm formed, and the horiZon 
tal axis in FIG. 10 indicates the heating temperature (° C.) of 
the substrate 2. Further, in FIG. 10, data represented by 
“circle marks” represent a relationship betWeen the heating 
temperature of the substrate 2 and the sheet resistance of the 
metal oxide ?lm formed in the case of supplying the solution 
4 (not containing oZone) containing ammonia to the substrate 
2 in the reaction chamber 1, that is, in the case of Embodiment 
1. Further, data represented by “triangle marks” represent a 
relationship betWeen the heating temperature of the substrate 
2 and the sheet resistance of the metal oxide ?lm formed in the 
case of supplying the solution 4 containing ammonia and the 
oZone to the substrate 2 in the reaction chamber 1, that is, in 
the case of Embodiment 2. In addition, data represented by 
“square marks” represent a relationship betWeen the heating 
temperature of the substrate 2 and the sheet resistance of the 
metal oxide ?lm formed in the case of supplying the solution 
4 not containing ammonia and the oZone to the substrate 2 in 
the reaction chamber 1. 
[01 01] It is understood from FIG. 1 0 that When the substrate 
2 is heated at a loW temperature of about 265° C. or less and 
a metal oxide ?lm is formed on the substrate 2, the sheet 
resistance of the metal oxide ?lm formed in Embodiment 2 is 
loWer than that in Embodiment l. 
[0102] That is, When the oZone is supplied to the substrate 
2 in addition to the solution 4, the sheet resistance of the metal 
oxide ?lm formed can be improved compared With the case 
Where the oZone is not supplied to the substrate 2 in the case 
Where the heating temperature of the substrate 2 is further 
reduced. Particularly, When the heating temperature of the 
substrate 2 is about 200° C., the sheet resistance of the metal 
oxide ?lm formed by the method of Embodiment 2 is about 
tWo orders of magnitude loWer than that of the metal oxide 
?lm formed by the method of Embodiment l. 
[0103] Further, as is apparent from the con?guration shoWn 
in FIG. 9, the solution 4 and the oZone are supplied separately 
to the substrate 2 through the different paths L1 and L2. In the 
con?guration in FIG. 9, the solution 4 is supplied toWard the 
substrate 2 in the reaction chamber 1 through the path L1. 
MeanWhile, the oZone is supplied toWard the substrate 2 in the 
reaction chamber 1 through the path L2. 
[0104] As described above, by supplying the solution 4 and 
the oZone to the substrate 2 through the different paths L1 and 
L2, it is possible to limit a location Where the oZone is mixed 
With the solution 4 to only the reaction chamber 1 (a region in 
Which the substrate 2 is disposed). That is, it is possible to 
prevent the solution 4 from mixing With the oZone in a path 
thorough Which the solution 4 and the oZone is supplied. 
Accordingly, the reaction betWeen the solution 4 and the 
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oZone can be limited to the region in Which the substrate 2 is 
disposed, and reaction ef?ciency at the substrate 2 can be 
improved. Further, there may be cases Where, due to mixing 
of the solution 4 With the oZone in the process of supply, the 
solution 4 reacts With the oZone to produce an unintended 
reactant in a vapor phase before the solution 4 and the oZone 
reach the substrate 2. The production of the unintended reac 
tant results in hindrance (reduction in ?lm quality and reduc 
tion in a ?lm forming rate due to the deposition of the unin 
tended reactant) in the groWth of a ?lm on the surface of a 
substrate. Therefore, it is possible to inhibit such production 
of the unintended reactant by supplying the solution 4 and the 
oZone to the substrate 2 through the different paths L1 and L2. 
[0105] The ?lm forming apparatus 200 may further include 
a control part (not shoWn) to perform the folloWing control. 
The control part controls the supply of the solution 4 formed 
into a mist and the oZone so that the solution 4 and the oZone 
are supplied simultaneously or separately at predetermined 
timings to the substrate 2 in the reaction chamber 1. 
[0106] By supplying the solution 4 formed into a mist and 
the oZone simultaneously to the substrate 2 in the reaction 
chamber 1, it is possible to suf?ciently use the oZone reactiv 
ity (oxidiZing poWer) in the reaction chamber 1. On the other 
hand, by supplying the solution 4 formed into a mist and the 
oZone to the substrate 2 in the reaction chamber 1 at separate 
timings, it is possible to inhibit the reaction betWeen the 
oZone and the solution 4 at a location other than the surface of 
the substrate 2. 

[0107] In addition, by supplying the solution 4 formed into 
a mist and the oZone to the substrate 2 in the reaction chamber 
1 at separate timings, it becomes impossible to suf?ciently 
use the oZone reactivity (oxidizing poWer) in the reaction 
chamber 1. HoWever, by supplying the oZone While heating 
the substrate 2, characteristics of the formed metal oxide ?lm 
are improved (for example, an improvement in crystallinity, 
and an improvement in electrical resistance depending on the 
mobility and carrier concentration). 
[0108] Further, in Embodiments l and 2, only one solution 
container 5 is disposed, but a plurality of solution containers 
can also be disposed in order to ?ll different kinds of solutions 
into the containers. In the case of this con?guration, a mist 
forming unit is disposed in each solution container, and a path 
for each solution is disposed separately betWeen each solu 
tion container and the reaction chamber 1. Further, in the case 
of this con?guration, the respective solutions may be supplied 
simultaneously, or may be supplied at different timings in a 
predetermined order. 
[0109] Further, in the case of Embodiment 2 including the 
plurality of solution containers, While the supply of the oZone 
is continued, different solutions may be supplied in a prede 
termined order. Alternatively, the respective solutions and the 
oZone may be supplied separately at different timings. In 
addition, in either supply mode, it is desired that the respec 
tive solutions and the oZone are supplied toWard the substrate 
2 in the reaction chamber 1 through different paths. 
[0110] In Embodiment 2, the ?lm forming apparatus 200 
can include additionally an ultraviolet light generator Which 
delivers ultraviolet light (Wavelength: about 10 nm to 400 nm) 
to the oZone supplied to the substrate 2. In this con?guration, 
the oZone is decomposed into oxygen radicals by the ultra 
violet irradiation, Which can accelerate a reaction for forming 
a metal oxide ?lm in the reaction chamber 1 (more speci? 
cally, on the ?rst main surface of the substrate 2). Moreover, 
since the oZone to be supplied to the reaction chamber 1 is 
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decomposed into oxygen radicals by the ultraviolet irradia 
tion, the heating unit 3 to heat the substrate 2 can be omitted. 
In addition, it is desired to heat the substrate 2 also in the case 
of the con?guration of ultraviolet irradiation from the vieW 
point of acceleration of the reaction. Moreover, in the case of 
the con?guration of ultraviolet irradiation, oxygen may be 
employed in place of oZone. 
[0111] Further, in Embodiment 2, the ?lm forming appara 
tus 200 can also include additionally a plasma generator 
Which forms plasma of the oZone supplied to the substrate 2. 
In this con?guration, the oZone is decomposed into oxygen 
radicals by the plasma generator, Which can accelerate a 
reaction for forming a metal oxide ?lm in the reaction cham 
ber 1 (more speci?cally, on the ?rst main surface of the 
substrate 2). Moreover, since the oZone to be supplied to the 
reaction chamber 1 is decomposed into oxygen radicals by 
the plasma generator, the heating unit 3 to heat the substrate 2 
can be omitted. In addition, it is desired to heat the substrate 
2 also in the case of a con?guration including a plasma gen 
erator from the vieWpoint of acceleration of the reaction. 
Moreover, in the case of the con?guration including a plasma 
generator, oxygen may be employed in place of oZone. 
[0112] In addition, the metal oxide ?lm (referred to as a 
former ?lm) formed by the ?lm forming method of Embodi 
ments 1 and 2 and the metal oxide ?lm (referred to as a latter 
?lm) formed by the ?lm forming method in Which the solu 
tion 4 does not contain ammonia Were measured using SIMS 
(secondary ion mass spectrometry). Consequently, it Was 
observed that the amount of nitrogen atoms contained in the 
former ?lm Was larger than that of nitrogen atoms contained 
in the latter ?lm. For example, While the amount of nitrogen 
atoms in the latter ?lm Was l><l0l8 atoms/cm3, the amount of 
nitrogen atoms in the former ?lm Was 5><l0l 8 atoms/cm3 . It is 
thought that the increase in the number of nitrogen atoms 
results from the use of the solution 4 containing ammonia in 
the ?lm forming method of the present invention. 
[0113] The present invention has been described in detail, 
but the above-mentioned description is illustrative in all 
aspects and the present invention is not intended to be limited 
thereto. Various modi?cations not exempli?ed are construed 
to be made Without departing from the scope of the present 
invention. 

DESCRIPTION OF REFERENCE SIGNS 

[0114] 1: reaction chamber 
[0115] 2: substrate 
[0116] 3: heating unit 
[0117] 4: solution 
[0118] 4a: source solution 
[0119] 4b: ammonia solution 
[0120] 5: solution container 
[0121] 5a, 5b: container 
[0122] 6: mist forming unit 
[0123] 7: oZone generator 
[0124] L1, L2, L3: path 
[0125] 100, 200: ?lm forming apparatus 

1. A method for forming a metal oxide ?lm, the method 
comprising: 

(A) forming a solution comprising a metallic element and 
ammonia into a mist; 
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(B) heating a substrate; and 
(C) supplying the mist in said step from (A) onto a ?rst 
main surface of the substrate from (B). 

2. The method of claim 1, further comprising: 
(D) previously preparing data, Which shoWs relationships 

betWeen an ammonia content of the solution, a carrier 
concentration of the metal oxide ?lm formed, and a 
mobility of the metal oxide ?lm formed, prior to the 
forming (A); and 

(E) determining the ammonia content of the solution With 
the data from (D), and preparing the solution comprising 
a determined ammonia content. 

3. The method of claim 2, Wherein the metallic element is 
Zinc, and 

Wherein (E) comprises preparing the solution in Which a 
ratio of a number of moles of the ammonia to a number 
of moles of the Zinc is more than 7.34. 

4. The method of claim 2, Wherein the metallic element is 
Zinc, and 

Wherein (E) is a step of comprises the solution in Which a 
number of moles of the ammonia per liter of the solution 
is more than 0.15 mol/L. 

5. The method of claim 1, Wherein 
the metallic element is at least one selected from the group 

consisting of titanium, Zinc, indium, and tin. 
6. The method of claim 1, Wherein 
the supplying (C) comprises supplying the mist from (A) 

and oZone onto the ?rst main surface of the substrate 
from (B). 

7. A metal oxide ?lm, formed by the method of claim 1. 
8. An apparatus, adapted to perform the method of claim 1. 
9. The method of claim 2, Wherein the metallic element is 

at least one selected from the group consisting of titanium, 
Zinc, indium, and tin. 

10. The method of claim 2, Wherein the supplying (C) 
comprises supplying the mist from (A) and oZone onto the 
?rst main surface of the substrate from (B). 

11. The method of claim 1, Wherein the metallic element 
comprises titanium and Zinc. 

12. The method of claim 1, Wherein the metallic element 
comprises titanium and indium. 

13. The method of claim 1, Wherein the metallic element 
comprises titanium and tin. 

14. The method of claim 1, Wherein the metallic element 
comprises Zinc and indium. 

15. The method of claim 1, Wherein the metallic element 
comprises Zinc and tin. 

16. The method of claim 1, Wherein the metallic element 
comprises indium and tin. 

17. The method of claim 1, Wherein the metallic element 
comprises titanium, Zinc, and indium. 

18. The method of claim 1, Wherein the metallic element 
comprises titanium, Zinc, and tin. 

19. The method of claim 1, Wherein the metallic element 
comprises Zinc, indium, and tin. 

20. The method of claim 1, Wherein the metallic element 
comprises titanium, Zinc, indium, and tin. 

* * * * * 
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