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A Solar cell and a method for manufacturing the same are 
disclosed. The Solar cell may include a substrate, an emitter 

(73) Assignee: LG ELECTRONICS INC., Seoul layer positioned at a first surface of the substrate, a first 
(KR) anti-reflection layer that is positioned on a surface of the 

emitter layer and may include a plurality of first contact lines 
exposing a portion of the emitter layer, a first electrode that is 

(21) Appl. No.: 12/917,122 electrically connected to the emitter layer exposed through 
the plurality of first contact lines and may include a plating 
layer directly contacting the emitter layer, and a second elec 

(22) Filed: Nov. 1, 2010 trode positioned on a second Surface of the Substrate. 
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SOLAR CELL AND METHOD FOR 
MANUFACTURING THE SAME 

0001. This application claims priority to and the benefit of 
Korean Patent Application No. 10-2010-008.6464 filed in the 
Korean Intellectual Property Office on Sep. 3, 2010, the entire 
contents of which are incorporated herein by reference. 

BACKGROUND 

0002 1. Field of the Disclosure 
0003 Exemplary embodiments of the invention relate to a 
Solar cell and a method for manufacturing the same. 
0004 2. Description of the Related Art 
0005. The solar power generation of converting light 
energy into electric energy using a photoelectric transforma 
tion effect has been widely used as a method for obtaining 
eco-friendly energy. A Solar power generation system using a 
plurality of solar cell panels has been installed in houses due 
to improvement of photoelectric transformation efficiency of 
Solar cells. 
0006. The solar cell generally includes a substrate and an 
emitter layer that forms a p-n junction along with the Sub 
strate, thereby generating a current from light incident on the 
solar cell through one surface of the substrate. 
0007 Because light is generally incident on the solar cell 
through only one surface of the Substrate, current transforma 
tion efficiency of the solar cell is low. Accordingly, a double 
sided light receiving solar cell, in which light is incident on 
the solar cell through both surfaces of the substrate, has been 
recently developed. 

SUMMARY 

0008. In one aspect, there is a solar cell including a sub 
strate including a uniform first Surface, an emitter layer posi 
tioned at a first surface of the substrate, a first anti-reflection 
layer positioned on a surface of the emitter layer, the first 
anti-reflection layer including a plurality of first contact lines 
exposing a portion of the emitter layer, a first electrode elec 
trically connected to the emitter layer exposed through the 
plurality of first contact lines, the first electrode including a 
plating layer directly contacting the emitter layer, and a sec 
ond electrode positioned on a second surface of the Substrate. 
0009. Each of the plurality of first contact lines has a width 
of about 20 um to 60 um, and a plane area of each of the 
plurality of first contact lines is about 2% to 6% of a plane area 
of the emitter layer. The first electrode has a thickness of 
about 20 um to 50 Lum. As a result, the first electrode has a 
narrow width and a high aspect ratio, for example, an aspect 
ratio of about 0.83 to 1. 
0010. The first surface and the second surface of the sub 
strate may be uniformly textured to form a first textured 
Surface and a second textured surface, respectively. 
0011. The first anti-reflection layer may include a silicon 
nitride layer and a silicon oxide layer or an aluminum oxide 
layer positioned between the emitter layer and the silicon 
nitride layer. The substrate may beformed ofan n-type silicon 
wafer doped with phosphorus (P). 
0012. The solar cell may further include a back surface 
field layer positioned at the second surface of the substrate 
and a second anti-reflection layer positioned on a Surface of 
the back surface field layer on which the second electrode is 
not positioned. 
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0013 The first electrode and the second electrode may be 
formed of different materials. For example, a plating layer 
that may be used to form the first electrode may include a 
metal seed layer, that directly contacts the emitter layer and 
contains nickel, and at least one conductive layer, that is 
positioned on the metal seed layer and contains at least one 
selected from the group consisting of copper (Cu), silver 
(Ag), aluminum (Al), tin (Sn), Zinc (Zn), indium (In), tita 
nium (Ti), gold (Au), and a combination thereof. The second 
electrode may be formed of silver (Ag). 
0014. A width of the second electrode may be greater than 
a width of the first electrode. The second anti-reflection layer 
may include a silicon nitride layer. 
0015. A method for manufacturing the solar cell having 
the above-described configuration may include texturing the 
first surface and the second surface of the substrate to form the 
first textured surface and the second textured Surface, respec 
tively, forming the emitter layer at the first surface of the 
substrate and forming the back surface field layer at the sec 
ond surface of the substrate, forming the first anti-reflection 
layer on the surface of the emitter layer and forming the 
second anti-reflection layer on the surface of the back surface 
field layer, forming the plurality of first contact lines on the 
first anti-reflection layer, forming the second electrode on the 
Surface of the second anti-reflection layer, and forming the 
first electrode on the plurality of first contact lines, wherein 
the first electrode and the second electrode are formed of 
different materials. 
0016. The process for forming of the plurality of first 
contact lines may use a wet etching process or a dry etching 
process using a laser. More specifically, the forming of the 
plurality of first contact lines may include etching the first 
anti-reflection layer using the dry etching process using the 
laser and removing a damaged layer of the emitter layer 
generated by the laser using the wet etching process. 
0017. The process for forming the second electrode may 
include printing a conductive paste obtained by mixing silver 
(Ag) with a glass frit on the Surface of the second anti 
reflection layer and drying and firing the conductive paste. 
The forming of the first electrode may include forming a 
metal seed layer directly contacting the emitter layer and 
forming at least one conductive layer on the metal seed layer. 
0018. Further, the second anti-reflection layer may include 
a plurality of second contact lines exposing a portion of the 
back surface field layer. Each of the plurality of second con 
tact lines may have a width of about 40 um to 100 um. A plane 
area of each of the plurality of second contact lines may be 
about 5% to 15% of a plane area of the back surface field 
layer. 
0019. The second electrode may include a metal seed layer 
directly contacting the back surface field layer, which is 
exposed through the plurality of second contact lines, and at 
least one conductive layer positioned on a surface of the metal 
seed layer. The first and second electrodes may have the same 
Structure. 

0020 For example, the metal seed layer of each of the first 
and second electrodes may contain nickel. The at least one 
conductive layer of each of the first and second electrodes 
may contain at least one selected from the group consisting of 
copper (Cu), silver (Ag), aluminum (Al), tin (Sn), Zinc (Zn), 
indium (In), titanium (Ti), gold (Au), and a combination 
thereof. 
0021. A method for manufacturing the solar cell having 
the above-described configuration may include texturing the 
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first surface and the second surface of the substrate to form the 
first textured surface and the second textured Surface, respec 
tively, forming the emitter layer at the front surface of the 
substrate and forming the back surface field layer at the sec 
ond surface of the substrate, forming the first anti-reflection 
layer on the surface of the emitter layer and forming the 
second anti-reflection layer on the surface of the back surface 
field layer, forming the plurality of first contact lines on the 
first anti-reflection layer and forming the plurality of second 
contact lines on the second anti-reflection layer, and forming 
the first electrode on the emitter layer exposed through the 
plurality of first contact lines and forming the second elec 
trode on the back surface field layer exposed through the 
plurality of second contact lines, wherein the first electrode 
and the second electrode are formed of the same material. 
0022. The process for forming of the plurality of first and 
second contact lines may use a wet etching process or a dry 
etching process using a laser. More specifically, the forming 
of the plurality of first and second contact lines may include 
etching the first anti-reflection layer and the second anti 
reflection layer using a dry etching process using a laser and 
removing a damaged layer of the emitter layer and a damaged 
layer of the back surface field layer, that are generated by the 
laser, using a wet etching process. 
0023 The forming of the first and second electrodes may 
include forming a metal seed layer directly contacting the 
emitter layer or the back surface field layer and forming at 
least one conductive layer on the metal seed layer. 
0024. In the solar cell having the above-described charac 

teristics, because both the first surface and the second surface 
of the substrate are the textured surfaces and the first and 
second anti-reflection layers serving as passivation layers are 
respectively positioned on the first Surface and the second 
Surface of the Substrate, the Solar cell may be used to generate 
a current by allowing light, that is incident on the first Surface 
of the substrate and then is transmitted by the substrate, to be 
again incident on the second Surface of the Substrate. Accord 
ingly, the efficiency of the Solar cell according to the exem 
plary embodiment of the invention may increase, as com 
pared to a solar cell generating the current using only light 
incident on one surface of the Substrate. 

0025. Further, because the first electrode may be formed 
using a plating electrode, the width of the first electrode may 
be less than a width of a related art conductive paste used as 
an electrode material, and the aspect ratio of the first electrode 
may increase. Therefore, light incident area may increase, 
and the efficiency of the Solar cell may also increase. 
0026. Further, when a surface resistance of the emitter 
layer increases, contact between the first electrode and the 
emitter layer may be Smoothly maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. In 
the drawings: 
0028 FIG. 1 is a schematic cross-sectional view of a solar 
cell according to an exemplary embodiment of the invention; 
0029 FIG. 2 is an enlarged cross-sectional view of a por 
tion of the solar cell shown in FIG. 1; 
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0030 FIGS. 3 to 5 are cross-sectional views sequentially 
illustrating an exemplary method for manufacturing the Solar 
cell shown in FIG. 1; 
0031 FIG. 6 is a cross-sectional view sequentially illus 
trating an exemplary method for manufacturing a substrate of 
the solar cell shown in FIG. 3; 
0032 FIG. 7 is a schematic cross-sectional view of a solar 
cell according to another exemplary embodiment of the 
invention; and 
0033 FIGS. 8 and 9 are cross-sectional views sequentially 
illustrating an exemplary method for manufacturing the Solar 
cell shown in FIG. 7. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0034. The invention will be described more fully herein 
after with reference to the accompanying 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 embodi 
ments set forth herein. 
0035. In the drawings, the thickness of layers, films, pan 
els, regions, etc., are exaggerated for clarity. Like-reference 
numerals designate like-elements throughout the specifica 
tion. 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 ele 
ment, 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. 
0036 Reference will now be made in detail to embodi 
ments of the invention, examples of which are illustrated in 
the accompanying drawings. 
0037 FIG. 1 is a schematic cross-sectional view of a solar 
cell according to an exemplary embodiment of the invention. 
FIG. 2 is an enlarged cross-sectional view of a portion of the 
solar cell shown in FIG. 1. FIGS. 3 to 5 are cross-sectional 
views sequentially illustrating an exemplary method for 
manufacturing the solar cell shown in FIG. 1. FIG. 6 is a 
cross-sectional view sequentially illustrating an exemplary 
method for manufacturing a substrate of the solar cell shown 
in FIG. 3 
0038 A solar cell according to an exemplary embodiment 
of the invention includes a substrate 110, an emitter layer 120 
positioned at one surface, for example, a front Surface of the 
substrate 110, a first anti-reflection layer 130 positioned on 
the emitter layer 120, a plurality of first electrodes 140 posi 
tioned on the emitter layer 120 on which the first anti-reflec 
tion layer 130 is not positioned, a back surface field (BSF) 
layer 150 positioned at a back surface of the substrate 110, a 
second anti-reflection layer 160 positioned on a back surface 
of the back surface field layer 150, and a plurality of second 
electrodes 170 positioned on the back surface of the back 
surface field layer 150 on which the second anti-reflection 
layer 160 is not positioned. 
0039. The substrate 110 may be formed of a silicon wafer 
of a first conductive type, for example, an n-type, though not 
required. Silicon used in the substrate 110 may be crystalline 
silicon, such as single crystal silicon and polycrystalline sili 
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con, or amorphous silicon. When the substrate 110 is of the 
n-type, the Substrate 110 contains impurities of a group V 
element such as phosphorus (P), arsenic (AS), and antimony 
(Sb). 
0040 Alternatively, the substrate 110 may be of a p-type 
and/or beformed of other semiconductor materials other than 
silicon. When the substrate 110 is of the p-type, the substrate 
110 may contain impurities of a group III element such as 
boron (B), gallium (Ga), and indium (In). 
0041. As shown in FIG. 6, the surface of the substrate 110 
may be uniformly textured to form a textured surface corre 
sponding to an uneven Surface or having uneven characteris 
tics. More specifically, the substrate 110 has a first textured 
surface 111 corresponding to the front surface in which the 
emitter layer 120 is positioned and a second textured surface 
113 corresponding to the back surface at which the back 
surface field layer 150 is positioned. 
0042. The emitter layer 120 positioned at the first textured 
surface 111 of the substrate 110 is an impurity region of a 
second conductive type (for example, a p-type) opposite the 
first conductive type of the substrate 110 and forms a p-n 
junction along with the substrate 110. 
0043 A plurality of electron-hole pairs produced by light 
incident on the substrate 110 are 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. 
The separated electrons move to the n-type semiconductor, 
and the separated holes move to the p-type semiconductor. 
When the substrate 110 is of the n-type and the emitter layer 
120 is of the p-type, the separated electrons and the separated 
holes move to the substrate 110 and the emitter layer 120, 
respectively. Accordingly, the electrons become major carri 
ers in the substrate 110, and the holes become major carriers 
in the emitter layer 120. 
0044) When the emitter layer 120 is of the 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. 
0045. Alternatively, when the substrate 110 is of the 
p-type, the emitter layer 120 is of the n-type. In this case, the 
separated holes move to the substrate 110, and the separated 
electrons move to the emitter layer 120. When the emitter 
layer 120 is of the n-type, the emitter layer 120 may beformed 
by doping the substrate 110 with impurities of a group V 
element such as P. As, and Sb. 
0046. As shown in FIGS. 3-5, the first anti-reflection layer 
130 on the emitter layer 120 in the front surface of the sub 
strate 110 includes a silicon nitride (SiNx:H) layer 131 and an 
aluminum oxide (AlOX) layer 133 between the emitter layer 
120 and the silicon nitride layer 131. The first anti-reflection 
layer 130 reduces reflectance of light incident through the 
front surface of the substrate 110 and increases selectivity of 
a predetermined wavelength band, thereby increasing the 
efficiency of the solar cell. 
0047. In this embodiment the aluminum oxide layer 133 
has a refractive index of about 1.55 to 1.7 and a thickness 
equal to or less than about 50 nm, and the silicon nitride layer 
131 has a refractive index of about 1.9 to 2.3 and a thickness 
of about 50 nm to 100 nm, so as to minimize the light reflec 
tance in the first anti-reflection layer 130. 
0048. It could be seen from an experiment conducted by 
the present inventors that the light reflectance in the first 
anti-reflection layer 130 was minimized when the first anti 
reflection layer 130 has a double-layered structure including 
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the silicon nitride layer 131 and the aluminum oxide layer 
133, each of which is within the above refractive index and 
thickness ranges. 
0049. A silicon oxide (SiOx:H) layer may be used instead 
of the aluminum oxide layer 133. 
0050. The first anti-reflection layer 130 may include a 
plurality of first contact lines CL1 exposing a portion of the 
emitter layer 120. The first electrodes 140 (see FIG. 1) may be 
formed on the emitter layer 120 exposed through the first 
contact lines CL1. 
0051. In this embodiment, the first contact line CL1 has a 
width W1 of about 20 um to 60 um, and a plane area of the first 
contact line CL1 is about 2% to 6% of a plane area of the 
emitter layer 120, so that the first electrode 140 has a narrow 
width and a high aspect ratio. 
0052. When the first contact line CL1 has the width W1, 
the first electrode 140 may be formed to have a thickness T1 
of about 20 um to 50 um using a plating process. 
0053 FIG. 1 shows that the thickness T1 of the first elec 
trode 140 indicates a distance from a convex portion of the 
emitter layer 120 to an upper surface of the first electrode 140. 
Because a distance from a concave portion to the convex 
portion of the emitter layer 120 is much shorter than the 
thickness T1 of the first electrode 140, it does not matter that 
the thickness T1 of the first electrode 140 is represented by the 
distance from the convex portion of the emitter layer 120 to 
the upper surface of the first electrode 140. 
0054 According to the above-described structure, the first 
electrode 140 has a high aspect ratio of about 0.83 to 1. 
0055. The first electrodes 140 formed on the emitter layer 
120 exposed through the first contact line CL1 are electrically 
and physically connected to the emitter layer 120. The first 
electrodes 140 extend substantially parallel to one another in 
a fixed direction. 
0056. The first electrodes 140 collect carriers (for 
example, holes) moving to the emitter layer 120. In the exem 
plary embodiment of the invention, the first electrodes 140 
may be finger electrodes. Alternatively, each first electrode 
140 may be a finger electrode current collector or both a finger 
electrode and a finger electrode current collector. 
0057. As shown in FIG. 2, in the exemplary embodiment 
of the invention, the first electrode 140 may be formed of a 
plating layer. The plating layer may include at least one of 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, if there is more than one layer in the plating 
layer. 
0058. The metal seed layer 141 may be formed of a mate 
rial containing nickel, for example, nickel silicide (including 
NiSi, NiSi, NiSi, etc.) and has a thickness of about 50 nm to 
200 nm. 

0059. When the thickness of the metal seed layer 141 is 
less than 50 nm, a high resistance is obtained and it is difficult 
to form a uniform metal seed layer 141. Thus, it is difficult to 
achieve uniformity in a Subsequent process, i.e., in a plating 
process of the diffusion barrier layer 142. When the thickness 
of the metal seed layer 141 is greater than 200 nm, the metal 
seed layer 141 is distributed to silicon at a constant rate in a 
thermal process to form a nickel silicide layer. Thus, a shunt 
leakage current may occur because of the distribution of 
nickel. 
0060. The diffusion barrier layer 142 on the metal seed 
layer 141 prevents junction degradation generated when a 
formation material of the conductive layer 143 is diffused into 
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a silicon interface through the metal seed layer 141. The 
diffusion barrier layer 142 includes a nickel layer having a 
thickness of about 5 um to 15um. 
0061 The conductive layer 143 on the diffusion barrier 
layer 142 is formed of at least one conductive metal material. 
Examples of the at least one conductive metal material 
include at least one selected from the group consisting of 
nickel (Ni), copper (Cu), silver (Ag), aluminum (Al), tin(Sn), 
Zinc (Zn), indium (In), titanium (Ti), gold (Au), and a com 
bination thereof. Other materials may be used. 
0062. In the exemplary embodiment of the invention, the 
conductive layer 143 may include a copper layer 143a. The 
copper layer 143a substantially serves as an electrical wire 
and has a thickness of about 10 um to 30 um. However, it is 
known that copper easily oxidizes in the air. Also, it is difficult 
to directly solder an interconnector, for example, a ribbon 
(not shown) for electrically connecting the adjacent Solar 
cells to the copper layer 143a in module processing. Thus, 
when the conductive layer 143 includes the copper layer 
143a, the conductive layer 143 may further include a tin layer 
143b that prevents oxidization of copper and may be used to 
smoothly perform a soldering process of the ribbon. The tin 
layer 143b on the copper layer 143a has a thickness of about 
5um to 15um. 
0063. When the conductive layer 143 includes a metal 
material other than the copper layer 143a, the tin layer 143b 
may be omitted if the conductive layer does not easily oxidize 
in the air and can be used to Smoothly perform the soldering 
process of the ribbon. 
0064. When the first electrode 140 is a finger electrode, a 
current collector for collecting carriers moving to the finger 
electrode may be further formed on the front surface of the 
substrate 110. The current collector may be formed using a 
conductive electrode in the same manner as the first electrode 
140. Also, the current collector may be formed by printing, 
drying, and firing a conductive paste containing a conductive 
material, unlike the first electrode 140. 
0065. The second electrodes 170 on the back surface of the 
substrate 110 collect carriers (for example, electrons) moving 
to the substrate 110 and output the carriers to an external 
device. In the exemplary embodiment of the invention, the 
second electrodes 170 may be finger electrodes. Alterna 
tively, each second electrode 170 may be a finger electrode 
current collector or both a finger electrode and a finger elec 
trode current collector. 

0066. The second electrodes 170 may beformed of at least 
one conductive material selected from the group consisting of 
aluminum (Al), nickel (Ni), copper (Cu), silver (Ag), tin(Sn), 
Zinc (Zn), indium (In), titanium (Ti), gold (Au), and a com 
bination thereof. In the exemplary embodiment of the inven 
tion, the second electrodes 170 are formed of silver (Ag). 
0067. The second electrode 170 may have a width W2 
greater than a width of the first electrode 140 (i.e., the width 
W1 of the first contact line CL1), and a pitch between the 
second electrodes 170 may be less than a pitch between the 
first electrodes 140, so that line resistance is reduced. The 
pitch between the electrodes indicates a distance between the 
adjacent electrodes. 
0068. The back surface field layer 150, electrically and 
physically connected to the second electrode 170, is posi 
tioned at the entire back surface of the substrate 110. The back 
surface field layer 150 is a region (for example, n-type 
region) that is more heavily doped than the substrate 110 with 
the same conductive type impurities as the substrate 110. 
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0069. 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 recombination and/or a disappearance of elec 
trons and holes around the surface of the substrate 110 may be 
prevented or reduced. 
0070 The second anti-reflection layer 160 may be posi 
tioned on the back surface of the back surface field layer 150 
on which the second electrodes 170 are not positioned. The 
second anti-reflection layer 160 may be formed using a sili 
con nitride (SiNx:H) layer. 
0071. The solar cell having the above-described structure 
according to the exemplary embodiment of the invention may 
serve as a double-sided light receiving Solar cell, and an 
operation of the solar cell is described below. 
0072. When light irradiated onto the solar cell 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 
are generated in the substrate 110 by the light energy. In this 
case, because the front surface and the back surface of the 
substrate 110 may be the first textured surface 111 and the 
second textured surface 113, respectively, a light reflectance 
in each of the front surface and the back surface of the sub 
strate 110 is 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. 
Hence, light absorption increases, and the efficiency of the 
solar cell is improved. In addition, because a reflection loss of 
the light incident on the substrate 110 may be reduced by the 
first and second anti-reflection layers 130 and 160, an amount 
of light incident on the substrate 110 further increases. 
0073. The electron-hole pairs are separated into electrons 
and holes by the p-n junction between the substrate 110 and 
the emitter layer 120, and the separated holes move to the 
p-type emitter layer 120 and the separated electrons move to 
the n-type substrate 110. The holes moving to the emitter 
layer 120 move to the first electrodes 140, and the electrons 
moving to the substrate 110 move to the second electrodes 
170 through the back surface field layer 150. Accordingly, 
when the first electrodes 140 of one solarcell are connected to 
the second electrodes 170 of another solar cell adjacent to the 
one Solar cell using electric wires (not shown), current flows 
through the cells and allows use of the current for electric 
power. 

0074 The solar cell having the above-described configu 
ration may be used in a state where the Solar cell is positioned 
between a light transmission front Substrate and a light trans 
mission back Substrate and is sealed by a protective layer. 
0075 An exemplary method for manufacturing the solar 
cell having the above-described configuration is described 
below with reference to FIGS. 3 to 6. 

0076 First, as shown in FIG. 6, with reference to FIGS. 
3-5, a first uniformly textured surface 111, an emitter layer 
120, and a first anti-reflection layer 130 may be formed at the 
front surface of the substrate 110. A second textured surface 
113, a back surface field layer 150, and a second anti-reflec 
tion layer 160 may be formed at the back surface of the 
Substrate 110. 

(0077 Referring now to FIG. 6, a substrate 110 formed of 
the silicon wafer is generally manufactured by slicing a sili 
con block or an ingot using a blade or a multi-wire saw. 
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0078 More specifically, a silicon wafer is provided and 
then is doped with impurities of a group V element, for 
example, phosphorus (P) to form an n-type semiconductor 
Substrate 110. 

0079. When the silicon block or the ingot is sliced, a 
mechanical damage layer may be formed in the silicon wafer. 
Thus, a wet etching process for removing the mechanical 
damage layer may be performed, so as to prevent a reduction 
in characteristics of the Solar cell resulting from the mechani 
cal damage layer. An alkaline etchant or an acid etchant may 
be used in the wet etching process. 
0080. After the mechanical damage layer is removed, the 
wet etching process or a dry plasma etching process may be 
performed to form the first textured surface 111 in the front 
surface of the substrate 110 and the second textured surface 
113 in the back surface of the substrate 110. 

0081. After the first and second textured surfaces 111 and 
113 are formed, the back surface field layer 150 may be 
formed at each of the front surface and the back surface of the 
substrate 110 by doping each of the front surface and the back 
surface of the substrate 110 with impurities of a group V 
element. 

0082. The second anti-reflection layer 160 formed of sili 
con nitride (SiNx:H) may be formed on the back surface of 
the back surface field layer 150 at the back surface of the 
Substrate 110. 
0083) Subsequently, an etched back process using the sec 
ond anti-reflection layer 160 as a mask may be performed on 
the front surface of the substrate 110 to remove the back 
surface field layer 150 on the front surface of the substrate 
110. The emitter layer 120 may beformed at the front surface 
of the substrate 110 by doping the front surface of the sub 
strate 110 with impurities of a group III element. 
0084 Subsequently, a natural oxide layer may be removed 
by etching the substrate 110 using hydrofluoric acid (HF), and 
the first anti-reflection layer 130 may beformed on the emitter 
layer 120. The first anti-reflection layer 130 may beformed by 
sequentially stacking the aluminum oxide layer 133 and the 
silicon nitride layer 131. The aluminum oxide layer 133 may 
serve as a passivation layer as well as an anti-reflection layer. 
The aluminum oxide layer 133 may beformed using a plasma 
enhanced chemical vapor deposition (PECVD) method, a 
sputtering method, or other methods. A silicon oxide (SiOx) 
layer may be used instead of the aluminum oxide layer 133. 
The silicon nitride layer 131 may be formed using the 
PECVD method, the sputtering method, or other methods in 
the same manner as the aluminum oxide layer 133. 
0085 Next, the wet etching process or a dry etching pro 
cess using a laser may be performed to remove a portion of the 
first anti-reflection layer 130, thereby forming a plurality of 
first contact lines CL1. 

I0086. After the plurality of first contact lines CL1 are 
formed, a conductive paste obtained by mixing silver (Ag) 
with a glass frit may be printed using an electrode pattern, 
dried, and fired. 
0087. When the conductive paste is fired, a punch through 
operation is generated because of lead (Pb) contained in the 
glass frit. Therefore, the second electrode 170 electrically and 
physically connected to the back surface field layer 150 may 
be formed. 

0088. After the second electrode 170 is formed, the first 
electrode 140 may be formed using a plating process. A 
method for forming the first electrode 140 is described below. 
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I0089. The metal seed layer 141 may be formed on the 
entire surface of the first anti-reflection layer 130 and on the 
emitter layer 120 exposed through the first contact line CL1. 
The metal seed layer 141 may beformed by depositing nickel 
to a thickness of about 50 nm to 200 nm using a vacuum 
method, for example, a sputtering methodoran electronbeam 
evaporation method and then performing athermal process at 
a temperature of about 300° C. to 600° C. in the nitrogen 
atmosphere. 
0090 Alternatively, the metal seed layer 141 may be 
formed by depositing nickel to a thickness of about 50 nm to 
200 nm using an electroless nickel plating process and then 
performing a thermal process at a temperature of about 300° 
C. to 600° C. in the nitrogen atmosphere. 
0091. According to the above-described process, the metal 
seed layer 141 formed of nickel silicide (including NiSi, 
NiSi, NiSi, etc.) is formed. 
0092 Next, the diffusion barrier layer 142 and the conduc 
tive layer 143 may be sequentially formed on a portion of the 
metal seed layer 141. More specifically, a barrier layer may be 
formed on the metal seed layer 141, and an electroplating 
process is performed on the barrier layer, thereby forming the 
diffusion barrier layer 142 having a thickness of about 5um to 
15um. A copper layer 143a having a thickness of about 10um 
to 30m and a tin layer 143b having a thickness of about 5um 
to 15 um may be sequentially formed on the diffusion barrier 
layer 142. 
0093. Afterwards, the barrier layer may be removed, and 
then an etching process using the tin layer 143b as a mask may 
be performed to remove an exposed area of the metal seed 
layer 141. Hence, the first electrode 140 is formed. 
0094. A solar cell according to another exemplary 
embodiment of the invention is described below with refer 
ence to FIGS. 7 to 9. 

0.095 FIG. 7 is a schematic cross-sectional view of a solar 
cell according to another exemplary embodiment of the 
invention. FIGS. 8 and 9 are cross-sectional views sequen 
tially illustrating an exemplary method for manufacturing the 
solar cell shown in FIG. 7. 
0096. Since structure in a front surface of a substrate of the 
solar cell shown in FIG. 7 is substantially the same as the solar 
cell shown in FIG. 3, a further description may be briefly 
made or may be entirely omitted and only structure in a back 
surface of the substrate of the solar cell shown in FIG. 7 is 
described below. 
(0097. A back surface field layer 150, a second anti-reflec 
tion layer 160, and a plurality of second electrodes 170 may 
be positioned at a back surface of a substrate 110. 
0098. The second electrodes 170 may be formed using a 
plating process in the same manner as first electrodes 140 
described above. 
0099. The second anti-reflection layer 160 may include a 
plurality of second contact lines CL2 exposing a portion of 
the back surface field layer 150, so as to form the second 
electrodes 170. 
0100. The second contact line CL2 may have a width W2 
(for example, a width of about 40 um to 100 um) greater than 
a width W1 of a first contact line CL1, a plane area of the 
second contact line CL2 is about 5% to 15% of a total plane 
area of the back surface field layer 150, and a pitch between 
the second electrodes 170 may be less than a pitch between 
the first electrodes 140, so that a line resistance is reduced. 
0101 Although it is not shown in detail, the second elec 
trode 170 formed using the plating process may be formed 
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including at least one of a metal seed layer, a diffusion barrier 
layer, a copper layer, and a tin layer, that may be sequentially 
stacked on the back surface field layer 150 exposed through 
the second contact line CL2, in the same manner as the first 
electrode 140 described above. 
0102 The solar cell having the above-described configu 
ration may be manufactured using the following exemplary 
method. 
0103) A process for respectively forming a first textured 
Surface and a second textured surface on a front Surface and a 
back Surface of the Substrate, a process for forming an emitter 
layer at a first textured surface of the front surface of the 
Substrate and forming the back Surface field layer at a second 
textured surface of the back surface of the substrate, and a 
process for forming a first anti-reflection layer on a front 
Surface of the emitter layer and forming a second anti-reflec 
tion layer on a back surface of the back surface field layer in 
an exemplary method for manufacturing the Solar cell shown 
in FIG. 7 are substantially the same as the exemplary method 
for manufacturing the solar cell shown in FIG. 6. Thus, a 
description will begin with the Subsequent processes. 
0104. An emitter layer 120, a first anti-reflection layer 
130, a back surface field layer 150, and a second anti-reflec 
tion layer 160 may be formed at the substrate 110 having first 
and second textured surface 111 and 113. Then, a plurality of 
first contact lines CL1 may be formed in the first anti-reflec 
tion layer 130, and a plurality of second contact lines CL2 
may be formed in the second anti-reflection layer 160. 
0105. The first contact lines CL1 and the second contact 
lines CL2 may be formed by performing a wet etching pro 
cess or a dry etching process using a laser to remove a portion 
of the firstanti-reflection layer 130 and a portion of the second 
anti-reflection layer 160. 
0106 When the first contact lines CL1 and the second 
contact lines CL2 are formed using the dry etching process 
using the laser, an etching process may be performed using 
hydrofluoric acid (HF) to remove a damaged portion 121 of 
the emitter layer 120 and a damaged portion 151 of the back 
surface field layer 150 that may be damaged by the laser. 
0107. After the first and second contact lines CL1 and CL2 
are formed, the first electrodes 140 and the second electrodes 
170 may be formed using a plating process. A method for 
forming the first and second electrodes 140 and 170 is 
described below. 
0108. The metal seed layer 141 may be formed on the 
entire surface of the first anti-reflection layer 130, the emitter 
layer 120 exposed through the first contact lines CL1, the 
entire surface of the second anti-reflection layer 160, and the 
back surface field layer 150 exposed through the first contact 
lines CL1. 
0109 The metal seed layer 141 may be formed by depos 
iting nickel to a thickness of about 50 nm to 200 nm using a 
vacuum method, for example, a sputtering method or an elec 
tronbeam evaporation method and then performing athermal 
process at a temperature of about 300° C. to 600° C. in a 
nitrogen atmosphere. 
0110. Alternatively, the metal seed layer 141 may be 
formed by depositing nickel to a thickness of about 50 nm to 
200 nm using an electroless nickel plating process and then 
performing a thermal process at a temperature of about 300° 
C. to 600° C. in a nitrogen atmosphere. 
0111. According to the above-described process, the metal 
seed layer 141 formed of nickel silicide (including NiSi, 
NiSi, NiSi, etc.) is formed. 
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0112 Next, a diffusion barrier layer 142 and a conductive 
layer 143 may be sequentially formed on a portion of the 
metal seed layer 141. More specifically, a barrier layer may be 
formed on the metal seed layer 141, and an electroplating 
process may be performed on the barrier layer, thereby form 
ing the diffusion barrier layer 142 having a thickness of about 
5 um to 15 um. A copper layer 143a having a thickness of 
about 10 um to 30 um and a tin layer 143b having a thickness 
of about 5um to 15um are sequentially formed on the diffu 
sion barrier layer 142. 
0113. Afterwards, the barrier layer may be removed, and 
then an etching process using the tin layer 143b as a mask may 
be performed to remove an exposed area of the metal seed 
layer 141. Hence, the first and second electrodes 140 and 170 
are formed. 
0114. Although embodiments have been described with 
reference to a number of illustrative embodiments thereof, it 
should be understood that numerous other modifications 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. 

1. A solar cell comprising: 
a Substrate including a uniform first Surface; 
an emitter layer positioned at the first surface of the sub 

Strate; 
a first anti-reflection layer positioned on a surface of the 

emitter layer, the first anti-reflection layer including a 
plurality of first contact lines exposing a portion of the 
emitter layer; 

a first electrode electrically connected to the emitter layer 
exposed through the plurality of first contact lines, the 
first electrode including a plating layer directly contact 
ing the emitter layer, and 

a second electrode positioned on a second Surface of the 
Substrate. 

2. The solar cell of claim 1, wherein the first electrode has 
an aspect ratio of about 0.83 to 1. 

3. The solar cell of claim 2, wherein each of the plurality of 
first contact lines has a width of about 20 um to 60 um, and/or 
a plane area of each of the plurality of first contact lines is 
about 2% to 6% of a plane area of the emitter layer. 

4. (canceled) 
5. The solar cell of claim 3, wherein the first electrode has 

a thickness of about 20 um to 50 Lum. 
6. The solarcell of claim 1, wherein the first surface and the 

second surface of the substrate are textured to form a first 
textured surface and a second textured Surface, respectively. 

7. The solar cell of claim 1, wherein the first anti-reflection 
layer includes a silicon nitride layer and a silicon oxide layer 
or an aluminum oxide layer positioned between the emitter 
layer and the silicon nitride layer. 

8. The solar cell of claim 1, wherein the substrate is formed 
of an n-type silicon wafer doped with phosphorus (P). 

9. The solar cell of claim 1, further comprising: 
a back Surface field layer positioned at the second surface 

of the substrate; and 
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a second anti-reflection layer positioned on a surface of the 
back surface field layer on which the second electrode is 
not positioned. 

10. The solar cell of claim 8, wherein the plating layer 
includes a metal seed layer that directly contacts the emitter 
layer and contains nickel, and at least one conductive layer 
that is positioned on the metal seed layer and contains at least 
one selected from the group consisting of copper (Cu), silver 
(Ag), aluminum (Al), tin (Sn), Zinc (Zn), indium (In), tita 
nium (Ti), gold (Au), and a combination thereof, and the 
second electrode formed of silver (Ag). 

11. The solar cell of claim 9, wherein a width of the second 
electrode is greater than a width of the first electrode. 

12. (canceled) 
13. The solar cell of claim 9, wherein the second anti 

reflection layer includes a silicon nitride layer, and the second 
anti-reflection layer includes a plurality of second contact 
lines exposing a portion of the back Surface field layer. 

14. (canceled) 
15. The solar cell of claim 11, wherein each of the plurality 

of second contact lines has a width of about 40 um to 100 um, 
and/or a plane area of each of the plurality of second contact 
lines is about 5% to 15% of a plane area of the back surface 
field layer. 

16. (canceled) 
17. The solar cell of claim 9, wherein the plating layer 

includes a metal seed layer that directly contacts the emitter 
layer and contains nickel, and at least one conductive layer 
that is positioned on the metal seed layer and contains at least 
one selected from the group consisting of copper (Cu), silver 
(Ag), aluminum (Al), tin (Sn), Zinc (Zn), indium (In), tita 
nium (Ti), gold (Au), and a combination thereof, and the first 
and second electrodes have the same structure. 

18. (canceled) 
19. A method for manufacturing a Solar cell comprising: 
forming an emitter layer at a first Surface of a Substrate and 

forming a back Surface field layer at a second Surface of 
the substrate; 

forming a first anti-reflection layer on a surface of the 
emitter layer and forming a second anti-reflection layer 
on a surface of the back surface field layer; 

forming a plurality of first contact lines on the first anti 
reflection layer; 

forming a second electrode on a surface of the second 
anti-reflection layer, and 

forming a first electrode on the plurality of first contact 
lines, 

wherein the first electrode and the second electrode are 
formed of different materials. 

20. (canceled) 
21. (canceled) 
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22. The method of claim 19, wherein the forming of the 
plurality of first contact lines includes: 

etching the first anti-reflection layer using a dry etching 
process using a laser, and 

removing a damaged layer of the emitter layer generated by 
the laser using a wet etching process. 

23. The method of claim 19, wherein the forming of the 
second electrode includes: 

printing a conductive paste obtained by mixing silver (Ag) 
with a glass fit on a surface of the second anti-reflection 
layer; and 

drying and firing the conductive paste, 
wherein the forming of the first electrode includes: 

forming a metal seed layer directly contacting the emit 
ter layer, and 

forming at least one conductive layer on the metal seed 
layer. 

24. A method for manufacturing a Solar cell comprising: 
forming an emitter layer at a first Surface of a Substrate and 

forming a back Surface field layer at a second Surface of 
the substrate; 

forming a first anti-reflection layer on a surface of the 
emitter layer and forming a second anti-reflection layer 
on a surface of the back surface field layer; 

forming a plurality of first contact lines on the first anti 
reflection layer and forming a plurality of second contact 
lines on the second anti-reflection layer, and 

forming a first electrode on the emitter layer exposed 
through the plurality of first contact lines and forming a 
second electrode on the back surface field layer exposed 
through the plurality of second contact lines, 

wherein the first electrode and the second electrode are 
formed of the same material. 

25. (canceled) 
26. (canceled) 
27. The method of claim 24, wherein the forming of the 

plurality of first and second contact lines includes: 
etching the first anti-reflection layer and the second anti 

reflection layer using a dry etching process using a laser; 
and 

removing a damaged layer of the emitter layer and a dam 
aged layer of the back Surface field layer, that are gen 
erated by the laser, using a wet etching process. 

28. The method of claim 24, wherein the forming of the 
first and second electrodes includes: 

forming a metal seed layer directly contacting the emitter 
layer or the back surface field layer; and 

forming at least one conductive layer on the metal seed 
layer. 

29. (canceled) 


