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1
METHOD FOR GROWING THIN FILM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Korean Patent Applica-
tion No. 10-2008-0061513, filed on Jun. 27, 2008, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND

1. Field

This disclosure relates to a method for growing a thin film.
More particularly, this disclosure relates to a method for
growing a thin film, which includes modifying a surface grain
size and surface roughness on a thin film to improve the
mobility of a carrier and a light scattering effect.

2. Description of the Related Art

In general, ZnO thin films are used as electrode materials
for solar cells or flat panel display devices due to their excel-
lent light transmission characteristics and conductivity. Such
ZnO thin films are generally formed via a chemical vapor
deposition (CVD) process or a physical vapor deposition
(PVD) process such as sputtering. Various vapor deposition
processes and physical properties of thin films obtained
thereby are disclosed in many literatures.

Electrical and optical properties of ZnO thin films are
significantly affected by the microstructures of the thin films.
/n0 thin films have conductivity determined by the density
and mohility of a carrier. Particularly, the density of a carrier
is determined by crystal defects or doping levels, while the
mobility of a carrier depends on light scattering that occurs
during the movement of the carrier. In the case of a ZnO thin
film, one of the most important factors affecting the mobility
is to reduce the density at grain boundaries. Therefore, it is
very important to reduce the density at grain boundaries by
increasing the grain size of the thin film so that the thin film
has improved conductivity.

Meanwhile, when a ZnO thin film is used in a thin film type
solar cell, light confinement is required to increase a light
transmission distance for the absorption of sunlight. To
accomplish such light confinement, it is required to induce
light scattering by increasing the surface roughness of a ZnO
thin film. In the case of an SnO, thin film, micrometer (lm)-
scale surface roughness is naturally obtained by the growth
surface of growing grains. In contrast, this cannot be realized
in the case of a ZnO thin film, because a ZnO thin film has a
very small grain size and shows very low surface roughness as
grains grow into (0001) surface. Therefore, ZnO thin films
require a chemical etching process to ensure a certain degree
of surface roughness. However, side effects may occur due to
the chemical etching.

Meanwhile, thin films formed via a CVD or PVD process
generally grow while forming a column-like grain structure.
Column-like grains forming the column-like grain structure
merely have a diameter of several tens nanometers (nm).
Therefore, it is necessary to form large-diameter grains to
improve conductivity or light confinement in various appli-
cations using ZnO.

The diameter of column-like grains increases as the thick-
ness of a thin film increases. However, a ZnO thin film depos-
ited via sputtering does not provide a sufficiently increased
diameter of column-like grains even when the thickness of the
thin film is increased. Thus, it is not expected in such ZnO
films that the grain size is increased significantly. On the
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contrary, a ZnO thin film deposited via a CVD process pro-
vides anincreased grain size as the result of an increase in the
thickness. Particularly, it is shown that a thin film having a
thickness o[ 8 pm provides a surlace grain size o[about 1 pm,
which is several tens of times greater than the surtace grain
size of a thin film formed via sputtering. However, ZnO thin
films used in solar cclls have a thickness of merely about 1-2
um in general. Therefore, when forming such ZnO thin films
via a CVD process, the grain size is at most 1 um.

In addition to the above-described sputtering process and
CVD process, a method for controlling the grain size via
surface treatment of a substrate may be considered. The
method includes reducing the density of nuclei initially
formed on the substrate during the growth of grains to
increase the grain size. For example, it is theoretically pos-
sible to provide grains that form a thin film after vapor depo-
sition with a surface grain size of 30 um or more, if a glass
substrate is subjected to specific surface treatment by which
nuclei are formed with an interval of 30 um. However, nucle-
ation of ZnO actually occurs at a high rate. Thus, the glass
substrate requires surface treatment by which wetting with
Zn0 is inhibited in order to realize such a large surface grain
size. Additionally, it is required to set a condition capable of
minimizing driving force of deposition (e.g. supersaturation
of deposition gas). However, even when such a condition is
sel, it results in a very low thin ilm growth rate. As a resull,
such surface treatment is not practical.

SUMMARY

Disclosed herein is a method for growing a thin film, which
includes modifying a surface grain size and surface roughness
on a thin film to improve the mobility of a carrier and a light
scattering effect.

Disclosed also herein is a method for growing a thin film
capable of modifying a surface grain size and surface rough-
ness on a thin film under such conditions that minimize the
thickness of a growing thin film, require no surface treatment
of a substrate and cause no decrease in driving force of depo-
sition.

In one aspect, thereis provided a method for growing a thin
film, which includes: forming grains having various grain
orientations on a substrate; causing first preferred grains hav-
ing a first specific grain orientation to grow predominantly
among the grains having various grain orientations, thereby
forming a first preferred texture comprised of the predomi-
nantly grown first preferred grains; and then causing second
preferred grains having a second specific grain orientation to
grow predominantly, thereby forming a second preferred tex-
ture comprised of the predominantly grown second grains,
wherein the surface grain size of each of the second grains
forming the second preferred texture is larger than the surface
grain size of each of the first grains forming the first preferred
texture before the onset of the second preferred texture
growth.

In one embodiment of the method disclosed herein, before
the first grains and the second grains grow predominantly, the
interval between centers of the second grains is larger than the
interval between centers of the first grains, And a shift in
texture orientation from the first to the second is induced by
varying thermodynamic process conditions. Herein, the ther-
modynamic process conditions may be at least one selected
from temperature, pressure and addition of other chemical
elements.

In another embodiment of the method disclosed herein, the
method may be carried out via a chemical vapor deposition
(CVD) process, and the thin film may be a ZnO thin film.
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Herein, the first and the second texture orientation are differ-
ent from each other, and the first and the second may be any
one of <0001> orientation and <T 2 T 0> orientation respec-
tively, in the case of a ZnO thin film.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of the
disclosed exemplary embodiments will be more apparent
from the following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a schematic view showing how textures of a thin
film are formed;

FIG. 2 is a schematic view showing variations in crystal
shape depending on the relative growth rates of crystal sur-
faces;

FIG. 3 is a schematic view illustrating the grain orientation
filtering by texture growth according to one embodiment of
the method disclosed herein;

FIG. 4a is a schematic view showing a hexagonal system
with lattice orientations; and

FIG. 4b is a schematic view showing a hexagonal system
with Miller indices.

DETAILED DESCRIPTION

Exemplary embodiments now will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. This disclosure
may, however, be embodied in many different forms and
should not be construed as limited to the exemplary embodi-
ments set forth therein. Rather, these exemplary embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of this disclo-
sure to those skilled in the art. In the description, details of
well-known features and techniques may be omitted to avoid
unnecessarily obscuring the presented embodiments.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of this disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. Further-
more, the use of the terms a, an, etc. does not denote a
limitation of quantity, but rather denotes the presence of at
least one of the referenced item. It will be further understood
that the terms “comprises” and/or ‘“‘comprising”, or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, regions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art. It
will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the context
of the relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

In the drawings, like reference numerals in the drawings
denote like elements. The shape, size and regions, and the
like, of the drawing may be exaggerated for clarity.

The method disclosed herein may be based on the evolu-
tionary selection rule and the grain orientation filtering by
texture growth. Hereinafter, a theoretical background of the

0

25

40

45

55

4

evolutionary selection rule and application of the grain ori-
entation filtering by texture growth derived from the back-
ground will be described in more detail.

Theoretical Background

When a thin film is formed to a predetermined thickness
during the growth thereof, column-like grains are comprised
of grains having a specific lattice orientation relative to the
substrate, which is referred to as a texture. As shown in (a) of
FIG. 1, at the beginning of the deposition of grains on a
substrate, grains deposited on the substrate have random lat-
tice orientations. However, as the deposition proceeds,
growth of grains with a specific orientation predominates
over growth of grains with the other orientations. Therefore,
as shown in (b) of FIG. 1, grains with the other orientations
stop their growth. Then, as shown in (¢) of I'lG. 1, grain
growth is accomplished by the surviving grains, and the ori-
entation of the surviving grains determines the texture orien-
tation. Here, the texture orientation is determined by the
evolutionary selection rule.

‘The evolutionary selection rule is that the texture orienta-
tion during the growth of a thin film is determined by the
orientation with the highest growth rate during the growth of
single crystals. FIG. 2 shows the shape of grown single crys-
tals and texture orientation determined by the growth rate of
each crystal surface in the case of single crystals having a
crystal structure with cubic symmetry. If the single crystal
growth surface includes (111) surface (the triangular surface
of the right-most octahedron in FIG. 2) and (100) surface (the
square surface of the left-most cube in FIG. 2), the difference
abetween relative velocities of the growth of the two surfaces
is conventionally defined as represented by the following
equation, and the single grains grown with the value a has the
shape as shown in FIG. 2:

=3 VieoVin1

wherein V4, and V| represent the growth rates of (100)
surface and (111) surface, respectively.

Forexample, when a is less than 1, i.e. when the growth rate
of (111) surface is significantly higher than the growth rate of
(100) surface, a single grain grown under such a condition has
the shape of a cube whose growth surface is (100) surface. On
the contrary, when a is greater than 1, i.e. when the growth rate
of (111) surface is significantly lower than the growth rate of
(100) surface, a single grain grown under such a condition has
the shape of an octahedron whose growth surface is (111)
surface.

Therefore, it can be seen that the shape of grown single
crystals is determined by the crystal surface with a lower
growth rate. Meanwhile, the texture orientation is determined
by the orientation with the highest growth rate according to
the evolutionary selectionrule. Therefore, in the case of cube-
shaped single crystals, the texture orientation becomes <111>
orientation. In contrast, in the case of octahedron-shaped
single crystals, the texture orientation becomes <100> orien-
tation. Herein, when the texture orientation is <111> orien-
tation, the grains grown to form a thin film have the shape of
a cube, and thus the surface forming the thin film surface
becomes (100) surface with the lowest growth rate, and (100)
surface makes an angle with the texture orientation, <111>
orientation. Therefore, it is possible to determine the growth
rates in different orientations inversely from the aforemen-
tioned single crystal shape. In other words, the growth rate of
each crystal surface is determined by the distance from the
center of single crystals to the corresponding crystal surface.
For example, in the case of cube-shaped single crystals,
<111> orientation with the largest distance from the center of
the single crystals has the highest growth rate. Meanwhile, in
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the case of octagonal-shaped single crystals, <100> orienta-
tion with the largest distance from the center of the single
crystals has the highest growth rate. In the same manner, a
single crystal having the shape of a dodecahedron shows the
highest growth rate in <110> orientation.

As discussed above, a change in relative growth rate of
different crystal surfaces allows the selection of predomi-
nantly growing grains, and such grains form a texture. In the
method disclosed herein, the above-described principle of
texture formation is applied to increase the surface grain size
of a thin film, as well as to improve the surface roughness of
a thin film.

Grain Orientation Filtering by Texture Growth

In the method disclosed herein, the orientation of growing
grains during the growth of a thin film is varied in a stepwise
manner to increase the size of the last predominantly growing
grains and to improve the surface roughness of a thin film.

Referring to (a) of FIG. 3, grains with different orientations
are formed on a substrate during the initial growth of a thin
film. When the thin film is deposited to a predetermined
thickness, a texture is formed and only the grains having a
similar orientation to the texture orientation survive and grow
continuously. For example, when the texture orientation is
<111> orientation, most of the surviving grains are grains
whose <111> orientation close to vertical direction of the
substrate.

Under such conditions, when the texture orientation is
changed into <100> orientation, grains whose <100> orien-
tation is perpendicular to direction of the substrate grow
predominantly, while most of the grains originally forming
the texture are surrounded by the predominantly growing
grains and are prevented from growing further.

Herein, as shown in (a) of FIG. 3, predominantly growing
grains are distinguished from grains that stop growth. The
dismissed grains are sparsely disposed on the substrate. Since
the dismissed grains are spaced apart from each other, a broad
growth space is provided between the grains. As a result, the
aforementioned change in the texture orientation results in a
significantly larger grain size as compared to the predomi-
nantly growing grains in (a) of FIG. 3.

More particularly, as shown in (b) of FIG. 3, when the
texture orientation is changed from <111> orientation to
<100> orientation by modifying the growth condition, the
dismissed grains in (a) of FIG. 3 are disposed on the substrate
atincreased intervals, resulting in a significant increase of the
grain size.

In the above BACKGROUND section, it is said that nucle-
ation occurs at a high rate in the case of ZnO, and thus
reduction of the nuclear density is not practically allowed.
However, since the method as shown in FIG. 3 includes
selection of predominantly growing grains in a stepwise man-
ner regardless of the nuclear density, the last predominantly
growing grains as a result of such selection show a low den-
sity on the substrate (i.e., the grains have a larger interval
between them). Therefore, it is possible to increase the size of
the last predominantly growing grains.

Meanwhile, it is to be noted that ZnO to be applied to the
method disclosed herein does not have a system with cubic
symmetry as shown in FIG. 3 buthas a system with hexagonal
symmetry. In the case of a system with hexagonal symmetry,
the evolutionary selection rule and the grain orientation fil-
tering by texture growth may be applied in the same manner.
In other words, also in the case of a system with hexagonal
symmetry, the shape of growing single crystals is determined
by the relative growth rate of each crystal surface, and then the
texture orientation is determined thereby.
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FIG. 4a is a schematic view showing a hexagonal system
with lattice orientations, and FIG. 456 is a schematic view
showing a hexagonal system with Miller indices.

Referring to FIGS. 4a and 45, the Miller index of a surface
perpendicular to any one lattice orientation is the index of the
corresponding lattice orientation.

As shown in FIGS. 4a and 45, in the case of a system with
hexagonal symmetry, the ratio a’b of the distance a between
the center of single crystals and {0001} surface to the distance
b between the center of single crystals and {1 T 00} surface
becomes the relative ratio of growth rates. The length of the
hexagonal column increases as the ratio a/b increases. Herein,
the surface corresponding to each vertex has too high a
growth rate to form the surface of growing grains, and thus
disappears. If such grains form a thin film, the texture orien-
tation becomes the orientation of the vertex with the highest
growth rate. Based on this, it is estimated that the shape of
growing single crystals of a ZnO thin film formed by sputter-
ing is a very elongated shape. Additionally, the correct texture
orientation in this case is not <0001> orientation but the
orientation of the vertex where {0001} surface joins with two
adjacent {1 TO0} surfaces. Therefore, {0001} surface form-
ing the surface of the thin film is created with an inclination
corresponding to the difference in angle (i.e., angular differ-
ence between <0001> orientation and the texture orientation)
from the substrate. Meanwhile, as the length of the hexagonal
column decreases, the difference in angle between <0001>
orientation and the texture orientation increases, and the
angle formed by {0001} surface and the substrate increases,
thereby increasing the surface roughness of the thin film.

Hereinabove, the grain orientation filtering by texture
growth in systems with cubic symmetry and hexagonal sym-
metry was described. As described above, the grain orienta-
tion filtering by texture growth includes varying the texture
orientation in a stepwise manner to selectively control the
grain size of the last predominantly growing grains. To realize
such grain orientation filtering, it is prerequisite to enable a
variation in the texture orientation.

To accomplish such variation in the texture orientation, the
relative growth rate of a crystal surface may be varied. Growth
of acrystal surface is determined by the binding rate of atoms
that are in contact with the surface in case the crystal surface
reaction determines the growth rate. The binding rate depends
on the structure of the crystal surface. When the surface has a
high density of dangling bonds, atoms coming from a vapor
phase may have a larger number of sites where they form
bonds, thereby increasing the growth rate. Therefore, the
growth rate may be controlled by varying the crystal surface
structure.

Since the surface binding structure depends on thermody-
namic conditions, the crystal surface structure may be varied
by controlling such parameters as temperature, pressure, gas
composition and presence of impurities (i.e. addition of other
chemical elements). Therefore, thermodynamic conditions
may be varied to cause a variation in relative growth rates of
lattice surfaces, which ultimately leads to a variation in the
texture orientation.

As mentioned above, the above-described method for
growing a thin film includes varying the texture orientation in
a stepwise manner to induce a decrease in distribution density
of the last predominantly growing grains, thereby ensuring a
relatively larger space for the growth of the corresponding
grains. By doing so, it is possible to increase the grain size on
the thin film surface and to improve the surface roughness. As
a result, it is possible to improve the mobility of a carrier and
a light scattering effect in the thin film.
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The above-described method for growing a thin film is
realized via the grain orientation filtering by texture growth,
i.e., by varying the texture orientation in a stepwise manner to
selectively control the grain size of the last predominantly
growing grains. Herein, variations in the texture orientation
mean variations in the relative growth rate of a crystal surface.
Particularly, the relative growth rate of a crystal surface may
be varied by modifying the thermodynamic conditions
including temperature, pressure, gas composition, or the like.
In other words, variations in the texture orientation are
accomplished by modifying the thermodynamic process con-
ditions. By doing so, it is possible to control the last predomi-
nantly growing grains.

EXAMPLES

The examples will now be described. The following
examples are for illustrative purposes only and not intended
to limit the scope of this disclosure.

Example 1

Diethylzinc (DEZ) and ethanol are used as precursors, and
a ZnO thin film is formed therefrom to a thickness of 2 um on
a glass substrate at a temperature of 170° C. under ambient
pressure via a chemical vapor deposition (CVD) process. The
Zn0 thin film deposited on the glass substrate is analyzed via
X-ray diffractometry. After the analysis, it is shown that the
texture orientation is <0001> orientation. It is observed by
scanning electron microscopy (SEM) of the section of the thin
film that the thin film includes a column-like texture. In addi-
tion, it is observed that the surface grain size increases in
proportion to the thickness of grains. [Towever, the thin film
has a surface roughness of merely several tens of nanometers.

Example 2

In this example, various process temperature conditions
are applied under a constant pressure during the deposition of
a ZnO thin film via a CVD process to investigate the texture
orientation in each condition.

Particularly, DEZ and ethanol are used as precursors, and
7n0 thin films are formed therefrom to a thickness of 2-2.5
um on a substrate at a temperature of 130° C. and 180° C.
under a pressure of 0.5 mbar via a CVD process.

After observing the section of the deposited thin film via
SEM, grains with random growth orientations are deposited.
Then, predominantly growing grains gradually form a tex-
ture. At this time, the texture is formed at a thickness of about
300-400 nm. In addition, the diameter of grains increases as
the growth of the thin film proceeds. The ZnO thin film
formed in this example has a larger grain size as compared to
the ZnO thin film formed via a CVD process under ambient
pressure.

Meanwhile, after analyzing the ZnO thin film formed at a
process temperature of 130° C. via X-ray diffractometry, it is
shown that the texture orientation is <0001> orientation. On
the other hand, it is shown that the texture orientation of the
Zn0 thin film formed ata process temperature of 180° C.is <
T 270> orientation. As can be seen from the above results, the
texture orientation is varied depending on the process tem-
perature condition.

In addition, the ZnO thin film formed at a process tempera-
ture of 130° C. shows a surface grain size of about 0.3 pm at
a thickness of 2 pm, and has a surface roughness of approxi-
mately 40 nm through the texture formation with <0001>
texture orientation. Meanwhile, the ZnO thin film formed ata
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process temperature of 180° C. shows a surface grain size of
about 0.6 um at a thickness of 2.5 um, and has a surface
roughness of approximately 600 nm.

Example 3

In this example, a ZnO thin film is formed via a CVD
process under a constant pressure by varying the process
temperature in a time-serial manner to induce variations in the
texture orientation.

First, a ZnO thin film is formed to a thickness of 1 ym ata
process temperature of 130° C. in the same manner as
described in Example 2 (including precursors and other pro-
cess parameters such as a pressure of 0.5 mbar). In the ZnO
thin film formed in the above manner, the texture orientation
is <0001> orientation. Then, an additional ZnO thin (ilm is
formed on the ZnO thin film to a thickness of 2 pm at a
temperature of 180° C.

After the thin films are analyzed via X-ray diffractometry,
both <0001> texture orientation and <1 2 T 0> texture orien-
tation are observed. This suggests that the texture with
<0001> texture orientation is formed first, and then the tex-
ture with <T 2 T 0> texture orientation is formed. It is shown
in the cross-section SEM that the thin films have a texture
very similar to the texture as shown in (b) of FIG. 3 and the
surface grains include grains having a size of at least several
micrometers. In addition, the surfaces of'the thin films have a
surface roughness similar to the grain size due to the growth
surfaces of the grains.

Example 4

In this example, a 7ZnO thin film is formed via a CVD
process under a constant temperature by varying the process
pressure in a time-serial manner to induce variations in the
texture orientation.

First,a ZnO thin film is formed to a thickness of 1 pm under
ambient pressure in the same manner as described in Ixample
1 (including precursors and other process parameters such as
a process temperature of 170° C.). Then, an additional ZnO
thin film is formed on the ZnO thin film to a thickness of 2 um
under a pressure of 0.5 mbar.

After the thin films are analyzed via X-ray ditfractometry,
both <0001> texture orientation and <T 2 T 0> texture orien-
tation are observed. However, the peak intensity of <0001>
orientation is relatively lower as compared to Example 3. The
surface grain size and shape as well as the shapes of broken
surfaces are similar to the results of Example 3.

While the exemplary embodiments have been shown and
described, it will be understood by those skilled in the art that
various changes in form and details may be made thereto
without departing from the spirit and scope of this disclosure
as defined by the appended claims.

In addition, many modifications can be made to adapt a
particular situation or material to the teachings of this disclo-
sure without departing from the essential scope thereof.
Therefore, it is intended that this disclosure not be limited to
the particular exemplary embodiments disclosed as the best
mode contemplated for carrying out this disclosure, but that
this disclosure will include all embodiments falling within the
scope of the appended claims.

What is claimed is:

1. A method for growing a thin film, which includes:

forming grains having various grain orientations on a sub-

strate;

causing first grains having a first grain orientation to grow

predominantly among the grains having various grain
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orientations, thereby forming a first texture comprised of
the predominantly grown first grains;

causing second grains having a second grain orientation to
grow predominantly after the first texture is formed,
thereby forming a second texture comprised of the pre-
dominantly grown second grains on the first texture,
where the second grain orientation is different from the
first grain orientation; and

wherein the average surface grain size of each ofthe second

grains forming the second texture is larger than that of 10

each of the first grains forming the first texture.

2. The method for growing a thin film according to claim 1,
wherein an interval between centers of the second grains is
larger than an interval between centers of the first grains,
before the first grains and the second grains grow predomi-
nantly.

3. The method for growing a thin film according to claim 1,
wherein a shift from the first texture orientation to the second

10

texture orientation is induced by varying thermodynamic pro-
cess conditions.

4. The method for growing a thin film according to claim 3,
wherein the thermodynamic process condition is at least one
selected from pressure and addition of other chemical ele-
ments.

5. The method for growing a thin film according to claim 4,
which is carried out via a chemical vapor deposition (CVD)
process.

6. The method for growing a thin film according to claim 1,
wherein the thin film is a ZnO thin film.

7. The method for growing a thin film according to claim 6,
wherein the first and the second texture orientation are differ-
ent from each other, being any one of <0001>> orientation and

15 <I 2 T 0> orientation respectively.



