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(54) Solar cell and method of manufacturing the same

(57) A solar cell is discussed. The solar cell includes
a semiconductor substrate, a p-type conductive region
formed at the semiconductor substrate and including a
p-type impurity, and a passivation film formed on the p-

type conductive region and including aluminum oxide.
The passivation film has a thickness of 7 to 17 Å, or the
passivation film comprises aluminum oxide having a
chemical formula AlO1.5+X, where 0<x≤0.5..
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of Ko-
rean Patent Application No.10-2012-0108061, filed on
September 27, 2012 in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] Embodiments of the invention relate to a solar
cell and a method of manufacturing the same, and more
particularly to a solar cell having an improved structure
and a method of manufacturing the same.

2. Description of the Related Art

[0003] Recently, as existing energy resources such as
petroleum and coal are running out, interest in alternative
energy sources is increasing. In particular, solar cells,
which directly convert solar energy into electric energy,
are receiving much attention as a next-generation alter-
native energy source.
[0004] In a solar cell, for photoelectric conversion, con-
ductive type regions and electrodes electrically connect-
ed thereto may be formed at a semiconductor substrate.
In addition, to enhance the characteristics of the solar
cell, a passivation film that passivates the conductive
type regions, an anti-reflective film, and the like are
formed.
[0005] In a conventional solar cell, however, the pas-
sivation film may be easily deformed or damaged in a
process of forming the passivation film or in subsequent
processes. Thus, passivation effects may be deteriorat-
ed and, accordingly, the characteristics of the solar cell
may be deteriorated.

SUMMARY OF THE INVENTION

[0006] Embodiments of the invention provide a solar
cell with improved characteristics and productivity and a
method of manufacturing the same.
[0007] In one embodiment of the invention, a solar cell
includes a semiconductor substrate, a p-type conductive
region formed at the semiconductor substrate and includ-
ing a p-type impurity, and a passivation film formed on
the p-type conductive region and including aluminum ox-
ide. The passivation film has a thickness of 7 to 17 Å.
[0008] In another embodiment of the invention, a solar
cell includes a semiconductor substrate, a first conduc-
tive type region formed at the semiconductor substrate,
a second conductive type region formed at the semicon-
ductor substrate to be spaced apart from the first con-
ductive type region, and a passivation film formed on any

one of the first and second conductive type regions and
including aluminum oxide, wherein the aluminum oxide
has a chemical formula AlO1.5+X, where 0<x≤0.5.
[0009] In another embodiment of the invention, a meth-
od of manufacturing a solar cell includes forming a p-type
conductive region including a p-type impurity at a semi-
conductor substrate and forming a passivation film in-
cluding aluminum oxide on the p-type conductive region.
The passivation film has a thickness of 7 to 17 Å.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Details of the embodiments of the invention will
be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings, in which:
[0011] FIG. 1 is a sectional view of a solar cell accord-
ing to an embodiment of the invention;
[0012] FIG. 2 is a plan view of the solar cell of FIG. 1;
[0013] FIG. 3 is a photograph showing a section of a
solar cell in which blistering occurs in a passivation film
including aluminum;
[0014] FIG. 4 is a sectional view of a solar cell accord-
ing to another embodiment of the invention;
[0015] FIG. 5 is a sectional view of a solar cell accord-
ing to another embodiment of the invention;
[0016] FIG. 6 is a rear plan view of first and second
conductive type regions and first and second electrodes
of a solar cell according to an embodiment of the inven-
tion; and
[0017] FIG. 7 is a graph showing measurement results
of implied open-circuit voltage Voc according to thickness
of a first passivation film of each of the solar cells man-
ufactured according to Experimental Example and Com-
parative Example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. However, the invention
may be embodied in many different forms and should not
be construed as limited to the embodiments set forth
herein.
[0019] Elements constituting features of the embodi-
ments of the invention are illustrated in the accompanying
drawings for clarity of description. Like reference numer-
als refer to like elements throughout. In the drawings, the
widths, thicknesses, etc., of constituent elements may
be exaggerated or reduced for clarity and convenience
of illustration. The embodiments of the invention are not
limited to the illustrated thicknesses, widths, etc.
[0020] It will be further understood that the terms "com-
prises" and/or "comprising," when used in this specifica-
tion, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more
other features, integers, steps, operations, elements,
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components, and/or groups thereof. In addition, in the
description of the embodiments of the invention, it will be
understood that when a layer (or film), a region, a pad,
a pattern or a structure is referred to as being disposed
’on/above/over’ another layer, region, pad, pattern or
substrate, it can be directly in contact with another layer,
region, pad, pattern or substrate, or one or more inter-
vening layers, regions, pads, patterns or structures may
also be present. In addition, it will also be understood
that when a layer (or film), a region, a pad, a pattern or
a structure are referred to as being disposed ’between’
two layers, two regions, two pads, two patterns or two
structures, it can be the only layer, region, pad, pattern
or structure between the two layers, the two regions, the
two pads, the two patterns and the two structures or one
or more intervening layers, regions, pads, patterns or
structures may also be present.
[0021] FIG. 1 is a sectional view of a solar cell 100
according to an embodiment of the invention. FIG. 2 is a
plan view of the solar cell of FIG. 1.
[0022] As illustrated in FIG. 1, the solar cell 100 ac-
cording to the embodiment of the invention may include
a semiconductor substrate 10, conductive type regions
20 and 30 that are formed at the semiconductor substrate
10 and have impurities, and electrodes 24 and 34 that
are electrically connected to the conductive type regions
20 and 30, respectively. The conductive type regions 20
and 30 may include an emitter layer 20 and a back surface
field layer 30, and the electrodes 24 and 34 may include
first electrodes 24 electrically connected to the emitter
layer 20 and second electrodes 34 electrically connected
to the back surface field layer 30. The solar cell 100 may
further include a first passivation film 21, an anti-reflective
film 22, a second passivation film 32, and the like. Here-
inafter, these elements will be described in detail.
[0023] The semiconductor substrate 10 may be formed
or include various semiconductor materials, for example,
silicon containing a second conductive type impurity. The
silicon may be mono-crystalline silicon or polycrystalline
silicon, and the second conductive type impurity may be,
for example, an n-type impurity. That is, the semiconduc-
tor substrate 10 may be made of mono-crystalline or poly-
crystalline silicon doped with a Group V element such as
phosphorus (P), arsenic (As), bismuth (Bi), antimony
(Sb), or the like.
[0024] When the semiconductor substrate 10 contain-
ing an n-type impurity is used, the emitter layer 20 con-
taining a p-type impurity is formed at a front surface of
the semiconductor substrate 10 to form a pn junction.
When the pn junction is irradiated with light, electrons
generated by the photoelectric effect move towards a
back surface of the semiconductor substrate 10 and are
collected by the second electrodes 34, and holes move
towards a front surface of the semiconductor substrate
10 and are collected by the first electrodes 24. Through
this process, electrical energy is generated. In this re-
gard, holes which move more slowly than electrons move
towards the front surface of the semiconductor substrate

10, not towards the back surface thereof, whereby con-
version efficiency may be improved.
[0025] At least one of the front and back surfaces of
the semiconductor substrate 10 may be textured to have
an uneven portion in the form of protrusions, depres-
sions, a pyramid, or the like. Through the texturing proc-
ess, the uneven portion is formed at the front surface of
the semiconductor substrate 10 and thus surface rough-
ness thereof increases, whereby reflectance of light in-
cident on the front surface of the semiconductor substrate
10 may be reduced. Accordingly, the amount of light
reaching the pn junction formed at an interface between
the semiconductor substrate 10 and the emitter layer 20
may be increased and, consequently, light loss may be
minimized.
[0026] The emitter layer 20 having a first conductive
type impurity may be formed at the front surface of the
semiconductor substrate 10. In the embodiment of the
invention, as the first conductive type impurity of the emit-
ter layer 20, a p-type impurity such as a Group III element,
e.g., boron (B), aluminum (Al), gallium (Ga), indium (In),
or the like, may be used.
[0027] In this regard, the emitter layer 20 may have
first portions 20a having a high impurity concentration
and a relatively low resistance and second portions 20b
having a lower impurity concentration than that of the first
portions 20a and a relatively high resistance. The first
portions 20a partially or completely (i.e., at least partially)
contacts the respective first electrodes 24.
[0028] As described above, in the embodiment of the
invention, each of the second portions 20b having a rel-
atively high resistance is formed in a region between the
first electrodes 24 through which light is incident, thereby
obtaining a shallow emitter. Accordingly, current density
of the solar cell 100 may be increased. In addition, the
first portions 20a having a relatively low resistance are
respectively formed adjacent to the first electrodes 24,
thereby reducing contact resistance thereof with the first
electrode 24. That is, the emitter layer 20 has a selective
emitter structure and thus the solar cell 100 may have
maximized efficiency.
[0029] However, the embodiments of the invention are
not limited thereto. For example, the emitter layer 20 may
have a homogeneous emitter structure having uniform
doping concentration. In addition, in the embodiment of
the invention, the emitter layer 20 is formed only on the
front surface of the semiconductor substrate 10, but is
not limited thereto. That is, the emitter layer 20 may be
formed at the back surface of the semiconductor sub-
strate 10 and thus the solar cell 100 may be of a bottom
electrode type.
[0030] The emitter layer 20 may be formed by thermal
diffusion, ion implantation, or the like, but the embodi-
ments of the invention are not limited thereto. That is, the
disclosure may be modified or formed in a variety of ways.
[0031] On the semiconductor substrate 10, more par-
ticularly, on the emitter layer 20 that is on the semicon-
ductor substrate 10, is formed the first passivation film
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21, the anti-reflective film 22, and the first electrodes 24.
[0032] The first passivation film 21 and the anti-reflec-
tive film 22 may be formed on substantially the entire
surface of the semiconductor substrate 10, not on regions
of the front surface of the semiconductor substrate 10 on
which the first electrodes 24 are formed.
[0033] In the embodiment of the invention, the first pas-
sivation film 21 inactivates defects present at the surface
or bulk of the emitter layer 20, which is a p-type conduc-
tive region. Accordingly, recombination sites of minority
carriers are removed and thus the open circuit voltage
(Voc) of the solar cell 100 may be increased.
[0034] In the embodiment of the invention, the first pas-
sivation film 21 may be formed or include aluminum oxide
to be suitable for passivation of the emitter layer 20, which
is a p-type conductive region. That is, the first passivation
film 21 including aluminum oxide may be formed between
the emitter layer 20 and the anti-reflective film 22, to pre-
vent or reduce positive charges from being generated by
the anti-reflective film 22. Thus, the emitter layer 20,
which is a p-type conductive region, may be effectively
passivated.
[0035] In the embodiment of the invention, the first pas-
sivation film 21 including aluminum oxide may have a
thickness of 7 to 17 Å. The thickness of the first passiva-
tion film 21 is considerably smaller than the thickness of
a conventional passivation film, which is approximately
100 Å. When the thickness of the first passivation film 21
including aluminum oxide is as thick as approximately
100 Å, aluminum oxide may have a stable atomic ar-
rangement in the first passivation layer 21 and, accord-
ingly, aluminum oxide has chemical formula Al2O3. Even
though aluminum oxide having chemical formula Al2O3
itself has stable atomic arrangement, the aluminum oxide
may cause blistering to easily occur in a process of form-
ing the first passivation film 21 or in subsequent process-
es (in particular, a heat treatment process). FIG. 3 is a
photograph showing a section of a solar cell in which
such blistering occurs. Referring to FIG. 3, it can be con-
firmed that blistering occurs in a right side of FIG. 3. When
such blistering occurs, the first passivation film 21 is in-
flated and thus it is difficult to exhibit sufficient passivation
effects and, accordingly, a fill factor of the solar cell 100
may be reduced. Therefore, in the embodiment of the
invention, the thickness of the first passivation film 21 is
adjusted to be far smaller than 100 Å.
[0036] In this regard, when the thickness of the first
passivation film 21 including aluminum oxide is as small
as 7 to 17 Å, it is difficult for the aluminum oxide to have
a stable atomic arrangement due to a difference between
the size of atoms constituting the first passivation film 21
and the size of atoms (e.g., silicon) constituting the sem-
iconductor substrate 10. Accordingly, the aluminum ox-
ide has chemical formula AlO1.5+X where 0<x≤0.5, more
particularly, 0.001≤x≤0.5. In the first passivation film 21
including aluminum oxide having chemical formula
AlO1.5+X where 0<x≤0.5, more particularly, 0.001≤x≤0.5,
blistering rarely occurs. Thus, the thickness of the first

passivation film 21 may be appropriately adjusted to pre-
vent or reduce blistering.
[0037] In addition, when the thickness of the first pas-
sivation film 21 is 7 to 17 Å, the first passivation film 21
exhibits the same or similar passivation effects to those
of an existing passivation film having a thickness of ap-
proximately 100 Å and including Al2O3. This is predicted
because although the first passivation film 21 is unable
to contribute to generation of negative charges due to its
relatively small thickness, the first passivation film 21 suf-
ficiently exhibits an effect of preventing positive charge
generation by passivating hydrogen contained in the anti-
reflective film 22 formed on the first passivation film 21.
[0038] The first passivation film 21 including the above-
described aluminum oxide may be formed by atomic lay-
er deposition (ALD). ALD is a technique of forming a film
of aluminum oxide by depositing atomic layers one after
another, and may be used to form a film having a high
surface defect density, high film density, and high stabil-
ity. When the thickness of a film increases by depositing
atomic layers one after another, however, manufacturing
time may also significantly increase. In the embodiment
of the invention, the first passivation film 21 may have a
significantly decreased thickness and thus the number
of ALD processes may be significantly decreased and
the amount of a raw material (e.g., trimethylaluminum
(TMA)) used may also be significantly decreased. For
example, when the thickness of the first passivation film
21 is 10 Å, the thickness thereof may be 90% smaller
than that of an existing passivation film and, accordingly,
the number of cycles of ALD and manufacturing costs
may also be reduced by 90%.
[0039] For example, the number of cycles of ALD for
formation of the first passivation film 21 may be 5 to 15,
which is far smaller than the existing number of cycles,
i.e., 80. However, the number of cycles may vary accord-
ing to ALD process conditions, and thus, the embodi-
ments of the invention are not limited thereto.
[0040] That is, in the embodiment of the invention, the
thickness of the first passivation film 21 may be adjusted
to 7 to 17 Å, whereby occurrence of blistering may be
prevented or reduced, manufacturing time may be de-
creased, and passivation effects may be sufficiently ob-
tained. Therefore, the solar cell 100 may have improved
productivity and characteristics.
[0041] The anti-reflective film 22 reduces the reflect-
ance of light incident through the front surface of the sem-
iconductor substrate 10. Accordingly, it is possible to in-
crease the amount of light reaching the pn junctions
formed at the interface between the semiconductor sub-
strate 10 and the emitter layer 20. Thus, short-circuit cur-
rent Isc of the solar cell 100 can be increased.
[0042] The anti-reflective film 22 may be formed of var-
ious materials. For example, the anti-reflective film 22
may have a single-layer structure of any one film selected
from the group consisting of a silicon nitride film, a silicon
nitride film containing hydrogen, a silicon oxide film, a
silicon oxide nitride film, an MgF2 film, a ZnS film, a TiO2
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film, and a CeO2 film, or a multi-layered structure of at
least two of these films. For example, the anti-reflective
film 22 may be a silicon nitride film. However, the em-
bodiments of the invention are not limited to the above
examples, and the anti-reflective film 22 may be formed
or include various materials.
[0043] The anti-reflective film 22 may be formed using
various methods, such as vacuum deposition, chemical
vapor deposition, spin coating, screen-printing, spray
coating, or the like.
[0044] The first electrodes 24 are electrically connect-
ed to the emitter layer 20 via openings (i.e., through the
anti-reflective film 22) formed in the first passivation film
21 and the anti-reflective film 22. The first electrodes 24
may be formed to have various shapes and a detailed
description thereof will be given below.
[0045] The openings are formed in the first passivation
film 21 and the anti-reflective film 22, and the first elec-
trodes 24 may be formed at the openings using various
methods such as plating, deposition, or the like. Alterna-
tively, the first electrodes 24 may be formed by coating
a paste for forming the first electrode 24 on the anti-re-
flective film 22 by screen-printing or the like and perform-
ing a fire-through process or a laser firing contact process
thereon. In this regard, a separate process for forming
openings is not needed.
[0046] The semiconductor substrate 10 is provided at
a back surface thereof with the back surface field layer
30 containing a second conductive type impurity at a
higher doping concentration than the semiconductor sub-
strate 10.
[0047] The back surface field layer 30 containing a sec-
ond conductive type impurity may be formed at the back
surface of the semiconductor substrate 10. In the em-
bodiment of the invention, the back surface field layer 30
may include, as the second conductive type impurity, an
n-type impurity such as a Group V element, e.g., P, As,
Bi, Sb, or the like.
[0048] In the embodiment of the invention, the back
surface field layer 30 may have first portions 30a having
a high impurity concentration and a relatively low resist-
ance and second portions 30b having a lower impurity
concentration than that of the first portions 30a and a
relatively high resistance. Each of the first portions 30a
is formed to partially or completely (i.e., at least partially)
contact the first electrode 34.
[0049] In this regard, each of the second portions 30b
having a relatively high resistance is formed in a region
between the second electrodes 34, whereby recombina-
tion between holes and electrons may be prevented or
reduced. Accordingly, current density of the solar cell 100
may be increased. In addition, the first portions 30a with
a relatively low resistance are respectively formed in re-
gions adjacent to the second electrodes 34, whereby
contact resistance thereof with the second electrodes 34
may be reduced. That is, the back surface field layer 30
according to the embodiment of the invention may have
a selective back surface field structure, whereby the solar

cell 100 may have maximized efficiency.
[0050] However, the embodiments of the invention are
not limited to the above examples and, for example, the
back surface field layer 30 may have a homogeneous
back surface field structure having a homogeneous dop-
ing concentration. Alternatively, the back surface field
layer 30 may have a local back surface field structure in
which the back surface field layer 30 is locally formed at
the back surface of the semiconductor substrate 10. The
back surface field layer 30 having a local back surface
field structure will be described below with reference to
FIG. 4.
[0051] The back surface field layer 30 may be formed
by thermal diffusion, ion implantation, or the like. How-
ever, the embodiments of the invention are not limited to
the above examples, and the back surface field layer 30
may be modified or formed in a variety of ways.
[0052] The second passivation film 32 and the second
electrodes 34 may be formed at the back surface of the
semiconductor substrate 10.
[0053] The second passivation film 32 may be formed
on substantially the entire back surface of the semicon-
ductor substrate 10, except for regions where the second
electrodes 34 are formed. The second passivation film
32 may inactivate defects present in the back surface of
the semiconductor substrate 10, thereby removing re-
combination sites of minority carriers. Thus, the open cir-
cuit voltage of the solar cell 100 may be increased.
[0054] The second passivation film 32 may be made
of a transparent insulating material, to allow light to pass
therethrough. Accordingly, light can be incident upon the
back surface of the semiconductor substrate 10 through
the second passivation film 32 and, as such, the efficien-
cy of the solar cell 100 may be enhanced. For example,
the second passivation film 32 may have a single-layer
structure of any one film selected from the group consist-
ing of a silicon nitride film, a silicon nitride film containing
hydrogen, a silicon oxide film, a silicon oxide nitride film,
an aluminum oxide film, an MgF2 film, a ZnS film, a TiO2
film, and a CeO2 film, or a multi-layered structure of at
least two of these films. However, the embodiments of
the invention are not limited to the above examples, and
the second passivation film 32 may be formed or include
various materials.
[0055] The second passivation film 32 may be formed
using various methods such as vacuum deposition,
chemical vapor deposition, spin coating, screen-printing,
spray coating, or the like.
[0056] The second electrodes 34 are electrically con-
nected to the back surface field layer 30 via openings
formed in the second passivation film 32 (i.e., through
the second passivation film 32). The second electrodes
34 may be formed to have various shapes.
[0057] The openings are formed in the second passi-
vation film 32, and the second electrodes 34 may be
formed at the respective openings using various methods
such as plating, deposition, or the like. Alternatively, the
second electrodes 34 may be formed by coating a paste
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for forming the second electrodes 34 on the second pas-
sivation film 32 by screen printing or the like and perform-
ing a fire-through process or a laser firing contact process
thereon. In this regard, a separate process of forming
openings is not needed. As described above, the first
electrodes 24 and/or the second electrodes 34 may have
various planar shapes. An example thereof will now be
described with reference to FIG. 2. The first electrodes
24 and the second electrodes 34 may have different
widths and pitches, but basic shapes thereof may be sim-
ilar to each other. Thus, a detailed description of the first
electrodes 24 illustrated in FIG. 2 will be focused upon
in the following description, and a detailed description of
the second electrodes 34 will not be repeated. The fol-
lowing description may be equally applied to the first and
second electrodes 24 and 34.
[0058] Referring to FIG. 2, each first electrode 24 may
include a plurality of finger electrodes 24a arranged in
parallel and each having a first pitch P1. In addition, each
first electrode 24 may include bus bar electrodes 24b that
are formed in a direction crossing the finger electrodes
24a and that connect the finger electrodes 24a to one
another. In this regard, a single bus bar electrode 24b
may be disposed, or, as illustrated in FIG. 2, plural bus
bar electrodes 24b each having a second pitch P2 that
is greater than the first pitch P1 may be disposed. The
bus bar electrode 24b may have a width W2 that is greater
than a width W1 of the finger electrode 24a, but the em-
bodiments of the invention are not limited thereto. For
example, the bus bar electrode 24b and the finger elec-
trode 24a may have the same width. The shape of the
first electrodes 24 is provided for illustrative purposes
only, and the embodiments of the invention are not limited
thereto.
[0059] As seen in a sectional view, both the finger elec-
trodes 24a and the bus bar electrodes 24b may be formed
through the first passivation film 21 and the anti-reflective
film 22 (through the second passivation film 32 in the
case of the second electrodes 34). Alternatively, the fin-
ger electrodes 24a may be formed through the first pas-
sivation film 21 and the anti-reflective film 22 and the bus
bar electrodes 24b may be formed on the anti-reflective
film 22.
[0060] As described above, in the embodiment of the
invention, the first passivation film 21 that is a p-type con-
ductive type region and passivates the emitter layer 20
includes aluminum oxide having chemical formula
AlO1.5+X where 0<x≤0.5 and has a thickness of 7 to 17
Å. Accordingly, the first passivation film 21 may exhibit
excellent passivation effects, manufacturing costs and
time for formation of the first passivation film 21 may be
reduced, and occurrence of blistering may be prevented
or reduced. As a result, the solar cell 100 may have im-
proved characteristics and productivity.
[0061] In the above-described embodiment, the first
passivation film 21 that passivates the emitter layer 20
disposed at the front surface of the semiconductor sub-
strate 10 includes aluminum oxide having chemical for-

mula AlO1.5+X where 0<x≤0.5 and has a thickness of 7
to 17 Å. However, the embodiments of the invention are
not limited to the above example. That is, the second
passivation film 32 that passivates the back surface field
layer 30 may include aluminum oxide having chemical
formula AlO1.5+X where 0<x≤0.5 and has a thickness of
7 to 17 Å. Alternatively, a passivation film that passivates
a p-type conductive region disposed at the back surface
of the semiconductor substrate 10 may include aluminum
oxide having chemical formula AlO1.5+X where 0<x≤0.5
and have a thickness of 7 to 17 Å. Embodiments thereof
will now be described with reference to FIGS. 4 to 6.
[0062] FIG. 4 is a sectional view of a solar cell 102
according to another embodiment of the invention.
[0063] Referring to FIG. 4, the solar cell 102 may in-
clude a semiconductor substrate 10, an emitter layer 20
and a back surface field layer 30 that are formed at the
semiconductor substrate 10 and have impurities, and first
electrodes 24 and a second electrode 34 that are elec-
trically connected to the emitter layer 20 and the back
surface field layer 30, respectively. In addition, the solar
cell 102 may further include an anti-reflective film 22, a
second passivation film 32, and the like. This will now be
described in more detail.
[0064] In the embodiment of the invention, different
from the embodiment illustrated in FIG. 1, the semicon-
ductor substrate 10 and the back surface field layer 30
are p-type, and the emitter layer 20 is n-type. Accordingly,
the back surface field layer 30 forms a p-type conductive
region, and the emitter layer 20 forms an n-type conduc-
tive region. Types of impurities allowing these layers to
be n-type or p-type are the same as described above,
and thus a detailed description thereof is not repeated.
[0065] A front surface of the semiconductor substrate
10 may be provided with irregularities formed by a tex-
turing process.
[0066] The anti-reflective film 22 may be formed of var-
ious materials. For example, the anti-reflective film 22
may have a single-layer structure of any one film selected
from the group consisting of a silicon nitride film, a silicon
nitride film containing hydrogen, a silicon oxide film, a
silicon oxide nitride film, an aluminum oxide film, an MgF2
film, a ZnS film, a TiO2 film, and a CeO2 film, or a multi-
layered structure of at least two of these films. For ex-
ample, the anti-reflective film 22 may be a silicon nitride
film. However, the embodiments of the invention are not
limited to the above examples, and the anti-reflective film
22 may be formed or include various materials. In addi-
tion, the solar cell 102 may further include a first passi-
vation film disposed between the semiconductor sub-
strate 10 and the anti-reflective film 22.
[0067] The back surface field layer 30 includes only
first portions 30a respectively formed in contact regions
corresponding to the second electrode 34. The second
electrode 34 is formed on the entire surface of the second
passivation film 32 and is electrically connected to the
first portions 30a of the back surface field layer 30 via
openings formed in the second passivation film 32. That

9 10 



EP 2 713 403 A2

7

5

10

15

20

25

30

35

40

45

50

55

is, in the embodiment of the invention, the second elec-
trode 34 may be in point contact with the first portions
30a of the back surface field layer 30.
[0068] In this regard, the second passivation film 32
that passivates the back surface field layer 30, which is
a p-type conductive region, includes aluminum oxide
having chemical formula AlO1.5+X where 0<x≤0.5, more
particularly, 0.001≤x≤0.5, and has a thickness of 7 to 17
Å. The chemical formula and thickness has already been
described above with regards to the embodiment illus-
trated in FIG. 1 and thus a detailed description thereof is
not repeated.
[0069] By such structure of the back surface field layer
30 and the second electrode 34, back surface field effects
may be enhanced and reflectance of the second elec-
trode 34 may be increased, whereby the efficiency of the
solar cell 102 may be improved. In addition, the second
passivation film 32 that is a p-type conductive region and
passivates the back surface field layer 30 includes alu-
minum oxide having chemical formula AlO1.5+X where
0<x≤0.5, more particularly, 0.001≤x≤0.5 and has a thick-
ness of 7 to 17 Å. Accordingly, the second passivation
film 32 may exhibit excellent passivation effects, manu-
facturing costs and time for formation of the second pas-
sivation film 32 may be reduced, and occurrence of blis-
tering may be prevented or reduced. As a result, the solar
cell 102 may have improved characteristics and produc-
tivity.
[0070] The back surface field layer 30, the second pas-
sivation film 32, and the second electrode 34 may be
formed using various methods. That is, the second pas-
sivation film 32 may be formed on a back surface of the
semiconductor substrate 10 at which the back surface
field layer 30 has not yet been formed, and a paste for
forming the second electrode 34 (e.g., Al paste) may be
applied to the second passivation film 32 to form the sec-
ond electrode 34 electrically connected to the back sur-
face field layer 30 by laser firing contact, or the like. In
this regard, an impurity (e.g., Al) in the paste for forming
the second electrode 34 may be diffused into the semi-
conductor substrate 10 to form the first portions 30a of
the back surface field layer 30 which are locally formed
in regions adjacent to the second electrode 34. Alterna-
tively, the back surface of the semiconductor substrate
10 may be doped with an impurity using various methods
to form the back surface field layer 30, the second pas-
sivation film 32 may be formed on the back surface of
the semiconductor substrate 10, openings may be
formed in the second passivation film 32, and then the
second electrode 34 may be formed on the second pas-
sivation film 32. In addition, various other methods may
also be used.
[0071] FIG. 5 is a sectional view of a solar cell 104
according to another embodiment of the invention. FIG.
6 is a rear plan view of first and second conductive type
regions and first and second electrodes of a solar cell
according to an embodiment of the invention. In FIG. 6,
first and second passivation films are not illustrated for

clarity of illustration.
[0072] Referring to FIG. 5, the solar cell 104 includes
a semiconductor substrate 10, first and second conduc-
tive type regions 200 and 300 formed at a back surface
of the semiconductor substrate 10, first and second pas-
sivation films 202 and 302, and first and second elec-
trodes 240 and 340. In addition, the solar cell 104 may
further include a front surface field layer 50 and an anti-
reflective film 22 that are formed at a front surface of the
semiconductor substrate 10. This will now be described
in more detail.
[0073] The semiconductor substrate 10 may be, for ex-
ample, n-type, but the embodiments of the invention are
not limited thereto. That is, the semiconductor substrate
10 may be p-type. Types of impurities allowing the sem-
iconductor substrate 10 to be n-type or p-type are the
same as described above and thus a detailed description
thereof is not repeated.
[0074] The semiconductor substrate 10 may be pro-
vided at the front surface thereof with irregularities in the
form of protrusions, such as a pyramid, by a texturing
process.
[0075] The front surface field layer 50 may be formed
at the front surface of the semiconductor substrate 10.
The front surface field layer 50 is a region doped with an
impurity at a higher concentration than that of the semi-
conductor substrate 10, and functions similarly to a back
surface field (BSF) layer. That is, the front surface field
layer 50 enables electrons and holes that are decom-
posed by incident sunlight to be recombined at the front
surface of the semiconductor substrate 10 and thus pre-
vents or reduces the electrons and holes from disappear-
ing.
[0076] The anti-reflective film 22 may be formed on the
front surface field layer 50. The anti-reflective film 22 may
be formed on the entire front surface of the semiconduc-
tor substrate 10. The anti-reflective film 22 reduces re-
flectance of light incident through the front surface of the
semiconductor substrate 10 and inactivates defects
present in the surface or bulk of the front surface field
layer 50.
[0077] The anti-reflective film 22 may be formed of var-
ious materials. For example, the anti-reflective film 22
may have a single-layer structure of any one film selected
from the group consisting of a silicon nitride film, a silicon
nitride film containing hydrogen, a silicon oxide film, a
silicon oxide nitride film, an aluminum oxide film, an MgF2
film, a ZnS film, a TiO2 film, and a CeO2 film, or a multi-
layered structure of at least two of these films. However,
the embodiments of the invention are not limited to the
above examples, and the anti-reflective film 22 may be
formed or include various materials.
[0078] The first and second conductive type regions
200 and 300 that have different conductive type dopants,
i.e., p-type and n-type dopants, respectively, are formed
at the back surface of the semiconductor substrate 10.
The first and second conductive type regions 200 and
300 may be spaced apart from each other with an isola-
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tion region 210 disposed therebetween so as to prevent
shunting. The first and second conductive type regions
200 and 300 may be spaced apart by the isolation region
210 by a constant distance (e.g., tens of micrometers
(mm) to hundreds of micrometers (mm)). The first and
second conductive type regions 200 and 300 may have
the same thickness or different thicknesses. However,
the embodiments of the invention are not limited as to
the distance between the first and second conductive
type regions 200 and 300 or the thickness thereof.
[0079] The first conductive type regions 200 may be
formed by ion implantation of a p-type impurity, and the
second conductive type regions 300 may be formed by
ion implantation of an n-type impurity. However, the em-
bodiments of the invention are not limited to the above
examples. Alternatively, a layer having a p-type impurity
and formed of amorphous silicon and a layer having an
n-type impurity and formed of amorphous silicon may be
formed on the back surface of the semiconductor sub-
strate 10 to form the first and second conductive type
regions 200 and 300. In addition, the first and second
conductive type regions 200 and 300 may be formed us-
ing various other methods.
[0080] Referring to FIG. 6, the first conductive type re-
gion 200 may include a first stem part 200a formed to
extend along a first edge of the semiconductor substrate
10 and a plurality of first branch parts 200b extending
towards a second edge opposite to the first edge from
the first stem part 200a. The second conductive type re-
gion 300 may include a second stem part 300a formed
to extend along the second edge of the semiconductor
substrate 10 and a plurality of second branch parts 300b
extending towards the first edge from the second stem
part 300a. Each of the second branch parts 300b extends
towards between adjacent ones of the first branch parts
200b. By such structure, a pn junction area may be in-
creased. The first and second conductive type regions
200 and 300 may be interdigitated.
[0081] In this regard, the first conductive type region
200, which is p-type, may have a larger area than that of
the second conductive type region 300, which is n-type.
For example, the areas of the first and second conductive
type regions 200 and 300 may be adjusted by varying
widths of the first and second stem parts 200a and 240a
and/or the first and second branch parts 200b and 240b
thereof.
[0082] In the embodiment of the invention, carriers are
collected only at the back surface of the semiconductor
substrate 10 and thus the semiconductor substrate 10
has a relatively large horizontal distance relative to the
thickness of the semiconductor substrate 10. In this re-
gard, movement of holes is relatively slower than move-
ment of electrons and thus the area of the first conductive
type region 200, which is p-type, may be adjusted to be
larger than that of the second conductive type region 300,
which is n-type. Taking into consideration the fact that a
ratio of movement rates of electrons to holes is about 3:
1, the area of the first conductive type region 200 may

be two to six times greater than that of the second con-
ductive type region 300. That is, such area ratio is needed
to optimize design of the first and second conductive type
regions 200 and 300 by considering movement rates of
electrons and holes.
[0083] Referring back to FIG. 5, first passivation films
202 may be formed on the respective first conductive
type regions 200 to directly contact the first conductive
type regions 200. That is, in the embodiment of the in-
vention, the solar cell 104 includes the first passivation
films 202 having the same planar shape as that of the
first conductive type regions 200 and contacting only the
first conductive type regions 200. Accordingly, as seen
in a plan view, the first passivation film 202 may include
a portion corresponding to the first stem part 200a (see
FIG. 6) and portions corresponding to the first branch
parts 200b (see FIG. 6).
[0084] When the first passivation films 202 have the
same planar shape as the first conductive type regions
200, the first passivation films 202 may be formed using
a mask used for formation of the first conductive type
regions 200. Accordingly, costs for such masks may be
reduced.
[0085] The first passivation films 202 inactivates de-
fects present in the back surface of the semiconductor
substrate 10 (i.e., the surfaces of the first conductive type
regions 200) to remove recombination sites of minority
carriers. Therefore, the open circuit voltage (Voc) of the
solar cell 104 may be increased. In this regard, the first
passivation films 202 passivating the first conductive type
regions 200, which is a p-type conductive region, include
aluminum oxide having chemical formula AlO1.5+X where
0<x≤0.5, more particularly, 0.001≤x≤0.5, and have a
thickness of 7 to 17 Å. The chemical formula and thick-
ness has already been described in detail with regards
to the embodiment illustrated in FIG. 1 and thus a detailed
description thereof is not repeated.
[0086] The second passivation film 302 may be formed
on the second conductive type regions 300 to directly
contact the second conductive type regions 300. In this
embodiment, the second passivation film 302 may be
formed on the entire back surface of the semiconductor
substrate 10 such that the second passivation film 302
is formed on the second conductive type regions 300 and
directly formed on the first passivation films 202. When
the second passivation film 302 is entirely formed in such
manner, the second passivation film 302 may be formed
without a separate patterning process or without using a
separate mask, thereby simplifying the manufacturing
processes.
[0087] The second passivation film 302 may be formed
or include a different material from that of the first passi-
vation films 202, i.e., a material suitable for passivation
of the second conductive type regions 300, which is n-
type. For example, the second passivation film 302 may
be formed or include at least one material selected from
the group consisting of silicon oxide, silicon nitride, silicon
oxide nitride, MgF2, ZnS, TiO2, and CeO2.
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[0088] However, the embodiments of the invention are
not limited to the above examples. That is, the first pas-
sivation film 202 may cover both the first and second
conductive type regions 200 and 300 without the second
passivation film 302.
[0089] The first electrode 240 connected to each first
conductive type region 200 may be formed on the first
passivation film 202, and the second electrode 340 con-
nected to each second conductive type region 300 may
be formed on the second passivation film 302. More par-
ticularly, the first electrodes 240 may be respectively con-
nected to the first conductive type regions 200 through
first through holes 202a penetrating the first and second
passivation films 202 and 302, and the second electrodes
340 may be respectively connected to the second con-
ductive type regions 300 via second through holes 302a
penetrating the second passivation film 302.
[0090] In this regard, as illustrated in FIG. 6, the first
electrode 240 may include a stem part 240a formed cor-
responding to the first stem part 200a of the first conduc-
tive type region 200 and branch parts 240b formed cor-
responding to the first branch parts 200b of the first con-
ductive type region 200. Similarly, the second electrode
340 may include a stem part 340a formed corresponding
to the second stem part 300a of the second conductive
type region 300 and branch parts 340b formed corre-
sponding to the second branch parts 300b of the second
conductive type region 300. However, the embodiments
of the invention are not limited to the above example, and
the first and second electrodes 240 and 340 may have
various planar shapes.
[0091] In the embodiment of the invention, the first and
second electrodes 240 and 340 are not disposed at a
front surface of the solar cell 104 and thus light loss may
be minimized, which results in improved efficiency of the
solar cell 104. In addition, the first passivation films 202
that respectively passivate the first conductive type re-
gions 200, which is p-type conductive type regions, in-
clude aluminum oxide having chemical formula AlO1.5+X
where 0<x≤0.5, more particularly, 0.001≤x≤0.5, and have
a thickness of 7 to 17 Å. Accordingly, the first passivation
films 202 may retain excellent passivation effects, man-
ufacturing costs and time for formation of the first passi-
vation films 202 may be reduced, and occurrence of blis-
tering may be prevented or reduced. As a result, the solar
cell 104 may have improved characteristics and produc-
tivity.
[0092] One or more embodiments of the invention will
now be described more fully with reference to the follow-
ing examples. However, these examples are provided
for illustrative purposes only and are not intended to limit
the scope of the embodiments of the invention.

Experimental Example

[0093] An n-type semiconductor substrate was pre-
pared. A front surface of the n-type semiconductor sub-
strate was doped with boron (B) to form an emitter layer.

A back surface of the n-type semiconductor substrate
was doped with phosphorus (P) to form a back surface
field layer. A first passivation film was formed on the front
surface of the semiconductor substrate using atomic lay-
er deposition (ALD), an anti-reflective film including a sil-
icon nitride film was formed thereon, and a second pas-
sivation film including a silicon oxide film and a silicon
nitride film was formed on the back surface of the semi-
conductor substrate. Thereafter, first electrodes electri-
cally connected to the emitter layer and second elec-
trodes electrically connected to the back surface field lay-
er were formed.
[0094] In such manner, manufacture of solar cells in-
cluding first passivation films having different thickness-
es, i.e., 7 Å, 10 Å, 12 Å, 14 Å, and 17 Å, was completed.

Comparative Example

[0095] Solar cells including first passivation films hav-
ing different thicknesses, i.e., 0 Å, 2 Å, 5 Å, 25 Å, and
100 Å were manufactured.
[0096] Implied Voc according to the thickness of the
first passivation film of each of the solar cells manufac-
tured according to Experimental Example and Compar-
ative Example was measured, and measurement results
are shown in FIG. 7.
[0097] Referring to FIG. 7, it can be confirmed that the
solar cells of Experimental Example including the first
passivation films having thicknesses of 7 Å, 10 Å, 12 Å,
14 Å, and 17 Å have Voc that is similar to or higher than
that of the solar cell of Comparative Example including
the first passivation film having a thickness of 100 Å. As
for the solar cells of Comparative Example, when the
thickness of the first passivation film is less than 7 Å and
greater than 17 Å, Voc is so low that the characteristics
of the solar cells may be deteriorated. That is, according
to Experimental Example, by reducing the thickness of
the first passivation film, manufacturing costs and time
may be reduced and open circuit voltage characteristics
may be improved. In other words, productivity and effi-
ciency of the solar cell may be improved.
[0098] Particular features, structures, or characteris-
tics described in connection with the embodiment of the
invention are included in at least one embodiment of the
invention and not necessarily in all embodiments of the
invention. Furthermore, the particular features, struc-
tures, or characteristics of any specific embodiment of
the invention may be combined in any suitable manner
with one or more other embodiments of the invention or
may be changed by those skilled in the art to which the
embodiments of the invention pertain. Therefore, it is to
be understood that contents associated with such com-
bination or change fall within the spirit and scope of the
present disclosure.
[0099] Although the invention has been described with
reference to a number of illustrative embodiments, it
should be understood that numerous other modifications
and applications may be devised by those skilled in the
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art that will fall within the intrinsic aspects of the embod-
iments of the invention. More particularly, various varia-
tions and modifications are possible in concrete constit-
uent elements of the embodiments of the invention. In
addition, it is to be understood that differences relevant
to the variations and modifications fall within the spirit
and scope of the embodiments of the invention defined
in the appended claims.

Claims

1. A solar cell comprising:

a semiconductor substrate;
a p-type conductive region formed at the semi-
conductor substrate and comprising a p-type im-
purity; and
a passivation film formed on the p-type conduc-
tive region and comprising aluminum oxide,
wherein the passivation film has a thickness of
7 to 17 Å, or wherein the passivation film com-
prises aluminum oxide having a chemical for-
mula AlO1.5+X, where 0<x≤0.5.

2. The solar cell according to claim 1, wherein the alu-
minum oxide has the chemical formula of AlO1.5+X,
where 0.001≤x≤0.5.

3. The solar cell according to claim 1, wherein the p-
type conductive region comprises an emitter layer
formed at a front surface of the semiconductor sub-
strate, and the passivation film is formed on the emit-
ter layer.

4. The solar cell according to claim 1, wherein the p-
type conductive region comprises a back surface
field layer formed at a back surface of the semicon-
ductor substrate, and the passivation film is formed
on the back surface field layer.

5. The solar cell according to claim 4, further compris-
ing an electrode formed on the passivation film and
electrically connected to the p-type conductive re-
gion,
wherein the electrode is entirely formed on the pas-
sivation film and is in point contact with the p-type
conductive region.

6. The solar cell according to claim 5, wherein the back
surface field layer of the p-type conductive region is
locally formed in a region adjacent to a portion of the
electrode.

7. The solar cell according to claim 1, further compris-
ing an n-type conductive region formed at a back
surface of the semiconductor substrate to be spaced
apart from the p-type conductive region.

8. The solar cell according to claim 7, wherein the pas-
sivation film is formed on the p-type conductive re-
gion, and
the solar cell further comprises another passivation
film formed on the back surface of the semiconductor
substrate to cover the passivation film and the n-type
conductive region.

9. The solar cell according to claim 7, further compris-
ing a front surface field layer formed at a front surface
of the semiconductor substrate.

10. A method of manufacturing a solar cell, the method
comprising:

forming a p-type conductive region comprising
a p-type impurity at a semiconductor substrate;
and
forming a passivation film comprising aluminum
oxide on the p-type conductive region,
wherein the passivation film has a thickness of
7 to 17 Å.

11. The method according to claim 10, wherein the alu-
minum oxide has a chemical formula AlO1.5+X, where
0<x≤0.5.

12. The method according to claim 10, wherein the alu-
minum oxide has the chemical formula AlO1.5+X,
where 0.001≤x≤0.5.

13. The method according to claim 10, wherein the pas-
sivation film is formed by atomic layer deposition.
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