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Description
Title of Invention: SEMICONDUCTOR DEVICES AND

METHODS FOR MANUFACTURING THE SAME
Technical Field

Exemplary embodiments of the invention relates to semiconductor devices and
methods for manufacturing the same.
Background Art

A solar cell converts light energy into electrical energy using the photoelectric effect.
Solar power generation using solar cells has been widely used for obtaining environ-
mentally friendly energy. Solar power generation systems using solar cell modules
have been increasingly installed on houses due to improvements in efficiencies of solar
cells.

A first related art solar cell includes a substrate and an emitter layer that forms a p-n
junction with the substrate, thereby generating an electric current using light incident
on one surface of the substrate. However, electric current is only generated by the light
incident on the one surface of the substrate.

A second related solar cell is a doublesided solar cell, for which electric current is

generated using light incident on two opposing surfaces of the solar cell.
Disclosure of Invention

Solution to Problem

Accordingly, the present invention is directed to semiconductor devices and methods
of manufacturing the same that substantially obviate one or more of the problems due
to limitations and disadvantages of the related art.

Therefore, an advantage of the present invention is to provide a semiconductor
device capable of having a maximum width of an opening at a lower portion different
from a maximum width of an opening at an upper portion.

To achieve these and other advantages and in accordance with the purpose of the
present invention, as embodied and broadly described herein, there is provided a semi-
conductor device, including: a substrate; and a first insulating layer on a first surface of
the substrate, the first insulating layer including a first lower layer and a first upper
layer on the first lower layer, the first insulating layer having a first opening through
the first lower layer and the first upper layer, wherein a maximum width of the first
opening at the first lower layer is different from a maximum width of the first opening
at the first upper layer.

In another aspect, a method for manufacturing a semiconductor device includes:

forming an insulating layer on a substrate by forming a lower layer on the substrate
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and forming an upper layer on the lower layer, wherein a material of the upper layer is
different than a material of the lower layer; and patterning the insulating layer to form
an opening in the insulating layer, wherein the patterning of the insulating layer
includes: dry etching the upper layer using a laser; and wet etching the lower layer

using the upper layer as a mask.
In yet another aspect, a method for manufacturing a semiconductor device includes:

forming an emitter layer at a front surface of a substrate for a solar cell; forming a back
surface field layer at a back surface of the substrate; forming a front anti-reflection
layer, including forming at least a first lower layer and an first upper layer on the
emitter layer; forming a back anti-reflection layer, including forming at least a second
lower layer and a second upper layer on the back surface field layer; forming a
plurality of first openings in the front anti-reflection layer; forming a plurality of
second openings in the back anti-reflection layer; forming a plurality of first electrodes
on portions of the emitter layer exposed through the plurality of first openings; and
forming a plurality of second electrodes on portions of the back surface field layer
exposed through the plurality of second openings, wherein the steps of forming the
plurality of first and second openings includes: dry etching the first upper layer and the
second upper layer; and wet etching the first lower layer and the second lower layer
using the first upper layer and the second upper layer as masks.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further
explanation of the invention as claimed.

Brief Description of Drawings

FIG. 1 illustrates a schematic cross-sectional view of a semiconductor device
according to an examplary embodiment;

FIG. 2 illustrates an enlarged schematic cross-sectional view of a portion of the semi-
conductor device shown in Fig. 1;

FIGS. 3 to 6 illustrate schematic cross-sectional views sequentially illustrating a
method for manufacturing the semiconductor device shown in FIG. 1; and

FIGS. 7 and 8 illustrate enlarged schematic cross-sectional views of a portion of the
semiconductor device shown in FIG. 6.

Mode for the Invention

The invention will be described more fully hereinafter with reference to the ac-
companying drawings, in which example embodiments of the inventions are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein.

In the drawings, the thickness of layers, films, panels, regions, etc., are exaggerated
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for clarity. Like reference numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a layer, film, region, or
substrate is referred to as being "on" another element, it can be directly on the other
element or intervening elements may also be present. In contrast, when an element is
referred to as being "directly on" another element, there are no intervening elements
present. Further, it will be understood that when an element such as a layer, film,
region, or substrate is referred to as being "entirely” on another element, it may be on
the entire surface of the other element and may not be on a portion of an edge of the
other element.

FIG. 1 illustrates a schematic cross-sectional view of a semiconductor device
according ot an examplary embodiment. FIG. 2 illustrates an enlarged schematic cross-
sectional view of a portion of the semiconductor device shown in Fig. 1. FIGS. 3 t0 6
illustrate schematic cross-sectional views sequentially illustrating a method for manu-
facturing the semiconductor device shown in FIG. 1. FIGS. 7 and 8 illustrate enlarged
schematic cross-sectional views of a portion of the semiconductor device shown in
FIG. 6.

A semiconductor device 100 may include a substrate 110 and a first insulating layer
130. The first insulating layer 130 may be on a first surface of the substrate 110, such
as a front surface. The first insulating layer 130 may be positioned on portions of the
substrate 110 and not positioned on other portions of the substrate 110, forming
openings in the first insulating layer 130. A maximum width of a lower portion of an
opening in the first insulating layer 130 may be different than a maximum width of an
upper portion of the opening in the first insulating layer 130. For example, the
maximum width of the lower portion of the opening in the first insulating layer 130
may be greater than a maximum width of the upper portion of the opening in the first
insulating layer 130.

In one embodiment, the first insulating layer 130 may include at least two layers po-
sitioned on the first surface of the substrate 110, and the opening may be formed in a
lower layer 133 and an upper layer 131. A maximum width of the opening in the lower
layer 133 may be different than a maximum width of the opening in the upper layer
131. For example, the maximum width of the opening in the lower layer 133 may be
greater than the maximum width of the opening in the upper layer 131.

The semiconductor device 100 may include a plurality of first electrodes 140. The
plurality of first electrodes 140 may be positioned in the openings in the first insulating
layer 130, respectively.

The semiconductor device 100 may further include a second insulating layer 160 po-
sitioned on a second surface of the substrate 110, such as a back surface. The second

insulating layer 160 may be positioned on portions of the substrate 110 and not po-
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sitioned on other portions of the substrate 110, forming openings in the second in-
sulating layer 160.

The semiconductor device 100 may include a plurality of second electrodes 170. The
plurality of second electrodes 170 may be positioned in the openings in the second in-
sulating layer 160, respectively.

The semiconductor device 100 may function, for example, as a solar cell 100. The
solar cell 100 may include an emitter layer 120, which may be positioned at the front
surface of the substrate 110. In one aspect, the emitter layer 120 may be formed in the
front surface of the substrate 110 by, for example, doping.

The first insulating layer 130 may be positioned on the emitter layer 120 and may
function as a front antireflection layer 130. The plurality of first electrodes 140 may be
positioned on the emitter layer 120, such as at the openings in the front antireflection
layer 130.

The solar cell 100 may include a back surface field (BSF) layer 150, which may be
positioned at the back surface of the substrate 110. In one aspect, the back surface field
(BSF) layer 150 may be formed in the back surface of the substrate 110 by, for
example, doping.

The second insulating layer 160 may be positioned on the BSF layer 150 and may
function as a back antireflection layer 160. The plurality of second electrodes 170 may
be positioned on the BSF layer 150, such as at the openings in the back antireflection
layer 160.

The substrate 110 may be formed of a silicon wafer or may be formed of other semi-
conductor materials other than silicon, and the substrate 110 may be of a first
conductive type, such as n-type, or a second-conductive type, such as p-type. Silicon
used in the substrate 110 may be crystalline silicon, such as single crystal silicon or
polycrystalline silicon, or may be amorphous silicon.

If substrate 110 is n-type silicon, the substrate 110 may contain impurities of a group
V element, such as phosphorus (P), arsenic (As), and antimony (Sb). If substrate 110 is
p-type silicon, the substrate 110 may contain impurities of a group III element, such as
boron (B), gallium (Ga), and indium (In).

The surface of the substrate 110 may be textured to form a textured surface corre-
sponding to an uneven surface or having uneven characteristics. The substrate 110 may
have a first textured surface 111 corresponding to the front surface at which the emitter
layer 120 may be positioned and a second textured surface 113 corresponding to the
back surface at which the back surface field layer 150 may be positioned.

The emitter layer 120 positioned at the first textured surface 111 of the substrate 110
may be an impurity region of a second conductive type (for example, p-type) opposite

the first conductive type (for example, n-type) of the substrate 110. The emitter layer
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120 may form a p-n junction along with the substrate 110.

A plurality of electron-hole pairs produced by light incident on the substrate 110 may
be separated into electrons and holes by a built-in potential difference resulting from
the p-n junction between the substrate 110 and the emitter layer 120. Then, the
separated electrons may move to the n-type semiconductor, and the separated holes
may move to the p-type semiconductor. Thus, if substrate 110 is n-type and the emitter
layer 120 is p-type, the separated electrons and the separated holes may move to the
substrate 110 and the emitter layer 120, respectively. Accordingly, the electrons may
become major carriers in the substrate 110, and the holes may become major carriers in
the emitter layer 120.

If emitter layer 120 is p-type, the emitter layer 120 may be formed by doping the
substrate 110 with impurities of a group III element such as B, Ga, and In.

On the contrary, if substrate 110 is p-type, the emitter layer 120 may be n-type. In
this case, the separated holes may move to the substrate 110, and the separated
electrons may move to the emitter layer 120. If emitter layer 120 is n-type, the emitter
layer 120 may be formed by doping the substrate 110 with impurities of a group V
element such as P, As, and Sb.

The front anti-reflection layer 130 on the emitter layer 120 at the front surface of the
substrate 110 may contain a metal oxide-based material. The front anti-reflection layer
130 may include a first upper layer 131 formed of silicon nitride (SiNx: H) and a first
lower layer 133 positioned between the emitter layer 120 and the first upper layer 131.

The first lower layer 133 may be formed of a material (for example, aluminum oxide
(AlOx)) that has absorption coefficients or band gaps greatly different from that of
silicon nitride (SiNx: H).

The front anti-reflection layer 130 may serve as an anti-reflection layer, which may
reduce a reflectance of light incident through the front surface of the substrate 110 and
may increase a selectivity of a predetermined wavelength band, and may also serve as
a passivation layer.

The first lower layer 133 formed of aluminum oxide (AlOx) may have a refractive
index of 1.55 to 1.7 and may have a thickness equal to or less than 50 nm, and the first
upper layer 131 formed of silicon nitride (SiNx: H) may have a refractive index of 1.9
to 2.3 and may have a thickness of 50 nm to 100 nm, so as to minimize the light re-
flectance in the front anti-reflection layer 130.

According to an experiment conducted by the inventors, the light reflectance in the
front anti-reflection layer 130 was minimized when the first lower layer 133 was
formed of aluminum oxide, the first upper layer 131 was formed of silicon nitride, and
each of the layers 133 and 131 were within the above refractive index and thickness

ranges.
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As the metal oxide-based material used to form the first lower layer 133, silicon
nitride (SiNx: H) may be used instead of aluminum oxide (AlOx).

The first upper layer 131 may be formed of aluminum oxide, silicon oxide, silicon
oxynitride, or titanium oxide, instead of silicon nitride. In one aspect, the first upper
layer 131 and the first lower layer 133 may be formed of different materials.

The front anti-reflection layer 130 may include a plurality of openings exposing a
portion of the emitter layer 120. The openings may be a plurality of first contact lines
CL1 formed in a line pattern. The first electrodes 140 may be formed on the emitter
layer 120 exposed through the first contact lines CL1.

In an exemplary embodiment, a maximum width of the opening positioned in the
first lower layer 133 adjacent to the substrate 110 may be different from a maximum
width of the opening positioned in the first upper layer 131. Further, a cross-sectional
area and an average width of the first opening positioned in the first lower layer 133
may be greater than a cross-sectional area and an average width of the opening po-
sitioned in the first upper layer 131.

Each of the plurality of first contact lines CL1 may include a first portion CL1-1 po-
sitioned in the first upper layer 131 and a second portion CL1-2 positioned in the first
lower layer 133. A maximum width of the first portion CL1-1 may be different from a
maximum width of the second portion CL1-2.

The first portion CL1-1 may have a substantially uniform width W1, and the second
portion CL1-2 may have a non-uniform width. Namely, a width W2 of the second
portion CL1-2 adjacent to the first portion CL1-1 may be greater than a width W3 of
the second portion CL1-2 adjacent to the substrate 110. Thus, the maximum width of
the first portion CL1-1 is W1, the maximum width of the second portion CL1-2 is W2,
and a minimum width of the second portion CL1-2 is W3.

In the structure of the first contact lines CL1, the side surface of the first upper layer
131 exposed by the first portion CL1-1 may be formed in the form of a substantially
straight line, and the side surface of the first lower layer 133 exposed by the second
portion CL1-2 may be formed in the form of a curved line.

Regarding the shape of the first contact lines CL1, the width W2 of an upper end
portion of the second portion CL1-2 may be greater than the width W1 of the first
portion CL1-1. Further, a width of an upper end portion of the first portion CL1-1 and
a width of a lower end portion of the first portion CL1-1 may be substantially equal to
each other, i.e., W1.

The width W2 of the upper end portion of the second portion CL1-2 may be greater
than the width W3 of a lower end portion of the second portion CL1-2. The width W3
of the lower end portion of the second portion CL1-2may begreater than the width W1
of the lower end portion of the first portion CL1-1.
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In the exemplary embodiment, the width of the lower end portion of the first portion
CL1-1 indicates a separation distance between the first upper layers 131 measured in a
lower surface of the first upper layer 131. The width of the upper end portion of the
first portion CL1-1 indicates a separation distance between the first upper layers 131
measured in an upper surface of the first upper layer 131. The width W2 of the upper
end portion of the second portion CL1-2 indicates a separation distance between the
first lower layers 133 measured in an upper surface of the first lower layer 133. The
width W3 of the lower end portion of the second portion CL1-2 indicates a separation
distance between the first lower layers 133 measured in a lower surface of the first
lower layer 133.

Accordingly, a contact surface between the first electrode 140 and the first upper
layer 131 may be a substantially flat surface, and a contact surface between the first
electrode 140 and the first lower layer 133 may be a curved surface.

The width W2 of the upper end portion of the second portion CL1-2 and the width
W3 of the lower end portion of the second portion CL1-2 may be adjusted based on
etching conditions of the front anti-reflection layer 130.

The width W1 of the first portion CL1-1 of the first contact line CL1 may be 20 um to
60 um, and a plane area of the first portion CL1-1 may be 2 % to 6 % of a plane area of
the emitter layer 120, so that the first electrode 140 may have a narrow width and a
high aspect ratio.

If the width W1 of the first portion CL1-1 is within the above range, the first
electrode 140 may be formed to have a thickness of 20 um to 50 wm using a plating
process.

According to the above-described structure, the first electrode 140 may have a high
aspect ratio of 0.83 to 1, which is a ratio of a height of the first electrode to a contact
area between the first electrode and the substrate

The first electrodes 140 formed on the emitter layer 120 exposed through the first
contact line CL.1 may be electrically and physically connected to the emitter layer 120.
The first electrodes 140 may extend substantially parallel to one another in a fixed
direction. The first electrodes 140 may collect carriers (for example, holes) moving to
the emitter layer 120.

In an exemplary embodiment, the first electrode 140 may be formed using a plating
layer. The plating layer may include a metal seed layer 141, a diffusion barrier layer
142, and a conductive layer 143 that may be sequentially formed on the emitter layer
120.

The metal seed layer 141 may be formed of a material containing nickel, for
example, nickel silicide (such as Ni,Si, NiSi, NiSi,, etc.) and may have a thickness of
50 nm to 200 nm.
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If the thickness of the metal seed layer 141 is less than 50 nm, a high resistance may
be obtained and it may be difficult to form the uniform metal seed layer 141. Thus, it
may be difficult to secure the uniformity in a subsequent process, such as in a plating
process of the diffusion barrier layer 142. If the thickness of the metal seed layer 141 is
greater than 200 nm, the metal seed layer 141 may be distributed to silicon at a
constant rate in a thermal process forming a nickel silicide layer. Thus, a shunt leakage
may occur because of the distribution of nickel.

The diffusion barrier layer 142 on the metal seed layer 141 may prevent junction
degradation caused by a material of the conductive layer 143 being diffused into a
silicon interface through the metal seed layer 141. The diffusion barrier layer 142 may
be, for example, a nickel layer having a thickness of 5 ym to 15 zm.

The conductive layer 143 on the diffusion barrier layer 142 may be formed of one or
more conductive metal materials, such as nickel (Ni), copper (Cu), silver (Ag),
aluminum (Al), tin (Sn), zinc (Zn), indium (In), titanium (T1), gold (Au), or com-
binations thereof. Other materials may also be used.

In an exemplary embodiment, the conductive layer 143 may include a copper layer
143a. The copper layer 143a may have high conductivity and may have a thickness of
10 zm to 30 pm. However, copper easily oxidizes in air and also is difficult to directly
solder to an interconnector, such as a ribbon for electrically connecting adjacent solar
cells 100 to the copper layer 143a in a module process. Thus, the conductive layer 143
may further include a tin layer 143b that may prevent oxidization of copper and may
aid in smoothly performing a soldering process of the ribbon. The tin layer 143b on the
copper layer 143a may have a thickness of 5 um to 15 gm. The tin layer 143b may also
be omitted.

The first electrode 140 may also be formed using a conductive paste containing a
conductive material, such as silver (Ag). A method for forming the first electrode 140
using the conductive paste is well known to those skilled in the art.

The back surface field layer 150 may be positioned at a portion of or at the entire
back surface of the substrate 110. The back surface field layer 150 may be a region (for
example, n*-type region) that is more heavily doped with impurities of the same
conductive type as the substrate 110 than the substrate 110.

The movement of holes to the back surface of the substrate 110 may be prevented or
reduced by a potential barrier resulting from a difference between impurity concen-
trations of the substrate 110 and the back surface field layer 150. Hence, a recom-
bination and/or a disappearance of electrons and holes around the surface of the
substrate 110 may be prevented or reduced.

The back antireflection layer 160 and the second electrodes 170 may be positioned

on the back surface of the back surface field layer 150. The back antireflection layer
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160 may reduce a reflectance of light incident through the back surface of the substrate
110 and may increase a selectivity of a predetermined wavelength band, thereby in-
creasing the efficiency of the solar cell 100. Further, the back antireflection layer 160
may serve as a passivation layer.

The back antireflection layer 160 may have the same structure as the front anti-
reflection layer 130. In other words, the back antireflection layer 160 may include a
second upper layer 161 formed of silicon nitride (SiNx: H) and a second lower layer
163 that may be positioned between the back surface field layer 150 and the second
upper layer 161. The second lower layer 163 may be formed of, for example,
aluminum oxide (AlOx) or silicon oxide (SiOx).

The second upper layer 161 and the second lower layer 163 of the back antireflection
layer 160 may be formed of a material different from the first upper layer 131 and the
first lower layer 133 of the front anti-reflection layer 130, respectively.

The back antireflection layer 160 may include a plurality of openings exposing a
portion of the back surface field layer 150. The openings may be a plurality of second
contact lines CL2 formed in a line pattern. The second electrodes 170 may be formed
on the back surface field layer 150 exposed through the second contact lines CL2.

The second contact line CL2 may have the same structure as the first contact line
CL1. Thus, each of the plurality of second contact lines CL2 may include a third
portion CL2-1 positioned in the second upper layer 161 and a fourth portion CL2-2 po-
sitioned in the second lower layer 163.

In an exemplary embodiment, a width of the third portion CL2-1 may be sub-
stantially equal to a width of the first portion CL1-1. Further, a width of an upper end
portion of the fourth portion CL2-2 may be substantially equal to the width W2 of the
upper end portion of the second portion CL1-2, and a width of a lower end portion of
the fourth portion CL2-2 may be substantially equal to the width W3 of the lower end
portion of the second portion CL1-2.

However, if the front anti-reflection layer 130 and the back antireflection layer 160
are formed of different materials, the structure, the etching conditions, or a width of
each portion of the first contact line CL1 may be different from a width of each portion
of the second contact line CL2.

A contact surface between the second electrode 170 and the second upper layer 161
may be a substantially flat surface, and a contact surface between the second electrode
170 and the second lower layer 163 may be a curved surface.

The second electrodes 170 on the back surface of the back surface field layer 150
exposed through the second contact lines CL2 collect carriers (for example, electrons)
moving to the substrate 110 and output the carriers to an external device.

The second electrode 170 may be formed of the same material as or a material
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different from the first electrode 140. The second electrode 170 may have the same
width as the first electrode 140. Alternatively, the second electrode 170 may have a
width greater than a width of the first electrode 140, so as to secure a line resistance.

The solar cell 100 may serve as a doublesided light receiving solar cell, and an
operation of the solar cell 100 is described below.

When light irradiated onto the solar cell 100 is incident on the substrate 110 through
the emitter layer 120 and/or the back surface field layer 150, a plurality of electron-
hole pairs may be generated in the substrate 110 by light energy produced based on the
light incident on the substrate 110. Because the front surface and the back surface of
the substrate 110 may be a first textured surface 111 and a second textured surface 113,
respectively, a light reflectance in each of the front surface and the back surface of the
substrate 110 may be reduced. Further, because both a light incident operation and a
light reflection operation may be performed on each of the first and second textured
surfaces 111 and 113 of the substrate 110, light may be confined in the solar cell 100.
Hence, a light absorption may increase and the efficiency of the solar cell 100 may be
improved. In addition, because a reflection loss of the light incident on the substrate
110 may be reduced by the front and back anti-reflection layers 130 and 160, an
amount of light incident on the substrate 110 may further increase.

The electron-hole pairs may be separated into electrons and holes by the p-n junction
between the substrate 110 and the emitter layer 120, and the separated holes may move
to the p-type emitter layer 120 and the separated electrons may move to the n-type
substrate 110. The holes moving to the emitter layer 120 may move to the first
electrodes 140, and the electrons moving to the substrate 110 may move to the second
electrodes 170 through the back surface field layer 150. Accordingly, if the first
electrodes 140 of one solar cell 100 are connected to the second electrodes 170 of an
adjacent solar cell 100 using, for example, electric wires, current flows therein to
thereby enable use of the current for electric power.

The solar cell 100 may be used when the solar cell 100 is positioned between a light
transmission front substrate and a light transmission back substrate and is sealed by a
protective layer.

A method for manufacturing the solar cell 100 may include forming the lower layer
on the substrate 110 and forming the upper layer on the lower layer using a material
different from the lower layer to form the insulating layer and patterning the insulating
layer to form the opening. The patterning of the insulating layer may include
performing the dry etching process using a laser on the upper layer and performing the
wet etching process on the lower layer using the upper layer as a mask.

A method for manufacturing the solar cell 100 is described below.

First, as illustrated in FIG. 3, the first textured surface 111 may be formed on the
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front surface of the substrate 110, and the second textured surface 113 may be formed
on the back surface of the substrate 110.

The substrate 110 formed of silicon wafer may be manufactured by slicing a silicon
block or an ingot using a blade or a multi-wire saw. The silicon wafer may be doped
with impurities of a group V element, for example, phosphorus (P) to form an n-type
semiconductor substrate as the substrate 110.

If the silicon block or the ingot is sliced, a mechanically damaged layer may be
formed in the silicon wafer. Thus, a wet etching process for removing the mechanically
damaged layer may be performed to remove the damaged layer, so as to prevent a
reduction in characteristics of the solar cell 100 resulting from the mechanically
damaged layer. An alkaline etchant or an acid etchant may be used in the wet etching
process.

After the mechanically damaged layer is removed, the wet etching process or a dry
etching process using plasma may be performed to form the first textured surface 111
in the front surface of the substrate 110 and to form the second textured surface 113 in
the back surface of the substrate 110.

After the first and second textured surfaces 111 and 113 are formed, the front surface
of the substrate 110 may be doped with impurities of a group III element to form the
emitter layer 120. Further, the back surface of the substrate 110 may be doped with im-
purities of a group V element to form the back surface field layer 150.

Subsequently, a natural oxide layer may be removed by etching the substrate 110
using hydrofluoric acid (HF). The front antireflection layer 130 may be formed on the
emitter layer 120, and the back antireflection layer 160 may be formed on the back
surface of the back surface field layer 150.

The front antireflection layer 130 and the back antireflection layer 160 may be manu-
factured by depositing aluminum oxide or silicon oxide using, for example, a plasma
enhanced chemical vapor deposition (PECVD) method or a sputtering method, or the
lower layer may be formed and then silicon nitride may be deposited using, for
example, the PECVD method or the sputtering method to form the upper layer.

Subsequently, a dry etching process using a laser is performed to remove a portion of
the first upper layer 131 of the front antireflection layer 130 and a portion of the
second upper layer 161 of the back antireflection layer 160. Hence, the first portion
CL1-1 of the first contact line CL1 and the third portion CL2-1 of the second contact
line CL2 may be formed.

In the dry etching process, a portion of the first upper layer 131 and the second upper
layer 161 may be removed by applying a UV laser. If the first lower layer 133 and the
second lower layer 163 are formed of aluminum oxide, which may have absorption co-

efficients or band gaps greatly different from silicon nitride, a portion of each of the
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first upper layer 131 and the second upper layer 161 may be removed by applying an
UV laser having a wavelength of about 355 nm to the first upper layer 131 and the
second upper layer 161 at a frequency corresponding to a bonding energy of silicon
nitride.

Further, even if the first lower layer 133 and the second lower layer 163 are formed
of silicon oxide in which there may be little difference between absorption coefficients
or band gaps of silicon nitride and silicon oxide, the UV laser may be used to remove
the first upper layer 131 and the second upper layer 161.

As above, if the dry etching process using the laser is performed to form the first
portion CL1-1 of the first contact line CL1 and the third portion CL2-1 of the second
contact line CL2, a damage resulting from the laser may be absorbed by the first lower
layer 133 and the second lower layer 163. Thus, damage of the substrate 110 by the
laser may be prevented.

Subsequently, a selective wet etching process may be performed on an exposed
portion of each of the first lower layer 133 and the second lower layer 163 to remove
the exposed portion. Hence, the second portion CL1-2 of the first contact line CL1 and
the fourth portion CL2-2 of the second contact line CL2 are formed.

As above, if the first lower layer 133 and the second lower layer 163 are removed
using the selective wet etching process, particles generated in the dry etching process
may be removed. Therefore, a separate wet etching process for removing the particles
may be omitted.

In the wet etching process an etchant capable of etching only a material or materials
of each of the first lower layer 133 and the second lower layer 163 may be used or an
etchant favoring etching of the material or materials of each of the first lower layer 133
and the second lower layer 163 may be used. For example, a buffered oxide etchant
(BOE) capable of selectively etching silicon nitride and metal oxide-based material
may be used.

In the above-described method, a width of a lower portion of the first electrode 140
positioned on the first contact line CL.1 may be greater than a width of an upper portion
thereof. Further, a width of a lower portion of the second electrode 170 positioned on
the second contact line CL2 may be greater than a width of an upper portion thereof.

As described above, because the size of the electrode exposed to the outside of the
anti-reflection layer may decrease, a contact area between the electrode and the emitter
layer or the back surface field layer may increase while greatly suppressing a reduction
in a light incident area resulting from the electrode.

Furthermore, the process removes a damaged portion generated by the laser and a
separate wet etching process removes the particles is not necessary. Further, even if the

laser is used, the damage of the substrate may be prevented.
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[97] Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the scope of the principles of this disclosure. More particularly, various
variations and modifications are possible in the component parts and/or arrangements
of the subject combination arrangement within the scope of the disclosure, the
drawings and the appended claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will also be apparent to those
skilled in the art.
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Claims

A semiconductor device, comprising:

a substrate; and

a first insulating layer on a first surface of the substrate, the first in-
sulating layer including a first lower layer and a first upper layer on the
first lower layer, the first insulating layer having a first opening through
the first lower layer and the first upper layer,

wherein a maximum width of the first opening at the first lower layer is
different from a maximum width of the first opening at the first upper
layer.

The semiconductor device of claim 1, wherein the maximum width of
the first opening at the first lower layer is greater than the maximum
width of the first opening at the first upper layer.

The semiconductor device of claim 2, further comprising a first
electrode in the first opening.

The semiconductor device of claim 3, wherein the first electrode is
formed of a paste layer or a plating layer, wherein the paste layer or
plating layer includes a conductive material.

The semiconductor device of claim 3, wherein a cross-sectional area
and an average width of the first opening at the first lower layer are
greater than an cross-sectional area and an average width of the first
opening at the first upper layer.

The semiconductor device of claim 3, wherein the first opening is
formed in a shape of a line pattern extending across the first surface of
the substrate.

The semiconductor device of claim 6, wherein the first opening at the
first upper layer has a substantially uniform width as the first opening
extends across the first surface of the substrate.

The semiconductor device of claim 7, wherein a side surface of the first
opening connecting an upper portion of the first upper layer to a lower
portion of the first upper layer is in the form of a substantially straight
line.

The semiconductor device of claim 8, wherein a contact surface
between the first electrode and the first upper layer is a substantially
flat surface.

The semiconductor device of claim 7, wherein a width of the first

opening at an upper portion of the first lower layer is greater than a
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width of the first opening at a lower portion of the first lower layer.
The semiconductor device of claim 10, wherein the width of the first
opening at the upper portion of the first lower layer is greater than a
width of the first opening at a lower portion of the first upper layer.
The semiconductor device of claim 10, wherein the width of the first
opening at the lower portion of the first lower layer is greater than a
width of the first opening at a lower portion of the first upper layer.
The semiconductor device of claim 10, wherein a side surface of the
opening connecting the upper portion of the of the first lower layer to
the lower portion of the first lower layer is in the form of a curved line.
The semiconductor device of claim 13, wherein a contact surface
between the first electrode and the first lower layer is a curved surface.
The semiconductor device of claim 3, further comprising an emitter
layer at the first surface of the substrate and electrically connected to
the first electrode.

The semiconductor device of claim 15, wherein the emitter layer is
formed in the first surface of the substrate.

The semiconductor device of claim 15, further comprising:

a second insulating layer on a second surface of the substrate opposite
the first surface of the substrate, the second insulating layer having a
second opening through the second insulating layer; and

a second electrode in the second opening.

The semiconductor device of claim 17, wherein at least one of the first
and second surfaces of the substrate is a textured surface.

The semiconductor device of claim 17, where the first lower layer
includes metal oxide and the first upper layer includes silicon nitride.
The semiconductor device of claim 19, wherein the metal oxide
includes at least one of aluminum oxide or silicon oxide.

The semiconductor device of claim 17, further comprising a back
surface field layer at the second surface of the substrate and electrically
connected to the second electrode.

The semiconductor device of claim 21, wherein the back surface field
layer is formed in the second surface of the substrate.

The semiconductor device of claim 21, wherein the second insulating
layer includes a second lower layer and a second upper layer on the
second lower layer, wherein the second opening is through the second
lower layer and the second upper layer, wherein a maximum width of

the second opening at the second lower layer is different from a
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maximum width of the second opening at the second upper layer.

The semiconductor device of claim 23, wherein the maximum width of
the second opening at the second lower layer is greater than the
maximum width of the second opening at the second upper layer.

A method for manufacturing a semiconductor device comprising:
forming an insulating layer on a substrate by forming a lower layer on
the substrate and forming an upper layer on the lower layer, wherein a
material of the upper layer is different than a material of the lower
layer; and

patterning the insulating layer to form an opening in the insulating
layer, wherein the patterning of the insulating layer includes: dry
etching the upper layer using a laser; and wet etching the lower layer
using the upper layer as a mask.

A method for manufacturing a semiconductor device comprising:
forming an emitter layer at a front surface of a substrate for a solar cell;
forming a back surface field layer at a back surface of the substrate;
forming a front anti-reflection layer, including forming at least a first
lower layer and an first upper layer on the emitter layer;

forming a back anti-reflection layer, including forming at least a second
lower layer and a second upper layer on the back surface field layer;
forming a plurality of first openings in the front anti-reflection layer;
forming a plurality of second openings in the back anti-reflection layer;
forming a plurality of first electrodes on portions of the emitter layer
exposed through the plurality of first openings; and

forming a plurality of second electrodes on portions of the back surface
field layer exposed through the plurality of second openings,

wherein the steps of forming the plurality of first and second openings
includes:

dry etching the first upper layer and the second upper layer; and

wet etching the first lower layer and the second lower layer using the
first upper layer and the second upper layer as masks.

The method of claim 26, further comprising, before forming the emitter
layer and the back surface field layer, texturing at least one of a front
surface and a back surface of the substrate to form a textured surface.

The method of claim 26, wherein the dry etching uses a laser.
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