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(57) Abstract: A method for forming emitter layer of a solar cell includes preparing a substrate including a first impurity of a first
conductive type, diffusing a second impurity of a second conductive type opposite to the first conductive type in the substrate to
form a first emitter portion of the emitter layer in the substrate, and selectively heating a portion of the first emitter portion, which
corresponds to a position for forming at least one electrode, to form a second emitter portion.



Description
SOLAR CELL, METHOD OF FORMING EMITTER LAYER OF

SOLAR CELL, AND METHOD OF MANUFACTURING SOLAR

CELL

Technical Field
[1] Embodiments relate to a solar cell, a method for forming an emitter layer of the solar

cell, and a method for manufacturing the solar cell.

Background Art
[2] Recently, as existing energy sources such as petroleum and coal are expected to be

depleted, interests in alternative energy sources for replacing the existing energy

sources are increasing. Among the alternative energy sources, solar cells have been

particularly spotlighted because, as cells for generating electric energy from solar

energy, the solar cells are able to draw energy from an abundant source, and do not

cause environmental pollution.

[3] A general solar cell includes a substrate and an emitter layer made of a semi

conductor having different conductive types such as a p-type and an n-type, and

electrodes formed on the substrate and the emitter layer, respectively. The general solar

cell also includes a p-n junction formed at an interface between the substrate and the

emitter layer.

[4] When light is incident on the solar cell, a plurality of electron-hole pairs are

generated in the semiconductor. The electron-hole pairs are separated into electrons

and holes by the photovoltaic effect, respectively. Thus, the separated electrons move

toward the n-type semiconductor (e.g., the emitter layer) and the separated holes move

the p-type semiconductor (e.g., the substrate), and then the electrodes and holes are

collected by the electrodes electrically connected to the emitter layer and the substrate,

respectively. The electrodes are connected to each other using electric wires to thereby

obtain an electric power.

Disclosure of Invention

Technical Problem
[5] A motiviation of embodiemnts is to decrease manufacturing costs of a solar cell by

simplifying a manufacturing process of the solar cell.

[6] Another motiviation of embodiemnts is to improve production efficiency of a solar

cell by simplifying a manufacturing process of the solar cell.

Technical Solution
[7] According to an embodiment of the present invention, a method for forming an



emitter layer of a solar cell includes preparing a substrate including a first impurity of a

first conductive type, diffusing a second impurity of a second conductive type opposite

to the first conductive type in the substrate to form a first emitter portion of the emitter

layer in the substrate, and selectively heating a portion of the first emitter portion,

which corresponds to a position for forming at least one electrode to form a second

emitter portion.

[8] According to another embodiment of the present invention, a method for manu

facturing a solar cell includes forming the emitter layer for the above solar cell,

forming first electrodes connected to the first and second emitter portions, and a

second electrode connected to the substrate, wherein the first electrodes comprise at

least one finger electrode formed along the second emitter portion and at lease one bus

electrode intersecting and connected to the at least one finger electrode.

[9] The at least one electrode may include a finger electrode and a bus electrode, and the

second emitter portion is formed under the finger electrode.

[10] The forming of the first emitter portion may include supplying an impurity gas of the

second conductive type in a diffusion furnace to diffuse an impurity included in the

impurity gas in the substrate to form the first emitter portion, and generating an in

sulation layer including the impurity on the substrate.

[11] The forming of the first emitter portion may include coating an impurity source

including an impurity of the second conductive type on the substrate or printing a

doping paste including the impurity of the second conductive type on the substrate, and

heating the substrate with the coated impurity source or the printed doping paste to

diffuse the impurity in the substrate to form the first emitter portion, and generating an

insulation layer including the impurity on the first emitter portion.

[12] The insulation layer may be PSG (phosphorus silicate glass).

[13] The forming of the second emitter portion may include irradiating laser beams on the

insulation layer, so that a portion of the first emitter portion underlying a portion of the

insulation layer, on which the laser beams are irradiated, is heated.

[14] The laser beams may have an irradiation width more than a width of the at least one

electrode.

[15] An irradiation position of the laser beams may be moved by at least one of changing

an emitting position of the laser beams and changing a position of the substrate.

[16] The second emitter portion may have a sheet resistance less than a sheet resistance of

the first emitter portion.

[17] The second emitter portion may have an impurity concentration that is more than an

impurity concentration of the first emitter portion and/or the second emitter portion

may have an impurity doped depth that is more than an impurity doped depth of the

first emitter portion.



[18] The selective heating includes at least one of laser beams irradiating the substrate

along an extension direction of the at least one finger electrode.

[19] The first and second emitter portions may be formed on a light receiving surface of

the substrate and the second electrode is formed on an opposite surface of the substrate

to the light receiving surface.

[20] The method may further include removing the insulation layer after the second

emitter portion is formed.

[21] The method may further include forming an anti-reflection layer on the first and

second emitter portions.

[22] The forming of the first and second electrodes may include applying a first electrode

paste on the anti-reflection layer corresponding to the second emitter portion to form a

pattern of the at least one finger electrode, and heating the substrate having the pattern

of the at least one finger electrode.

[23] The forming of the pattern of the at least one finger electrode may include forming a

pattern of at least one bus electrode to intersect the pattern of the at least one finger

electrode along with the pattern of the at least one finger electrode.

[24] The method may further include applying a second electrode paste on the substrate to

form a pattern of the second electrode.

[25] The heating of the substrate may heat the pattern of the second electrode along with

the pattern of the at least one finger electrode.

[26] According to another embodiment, a solar cell may include a substrate of a first

conductive type, an emitter layer that is positioned on the substrate and is a second

conductive type that is opposite to the first conductive type, first electrodes that are

connected to the emitter layer, and a second electrode that is connected to the substrate,

wherein the emitter layer comprises a first emitter portion and a second emitter portion,

the first electrodes comprise a finger electrode, and a bus electrode intersecting and

connected to the finger electrode, and the first emitter portion and the second emitter

portion are positioned under the bus electrode.

[27] The second emitter portion may have an impurity concentration that is more than an

impurity concentration of the first emitter portion.

[28] The second emitter portion may have an impurity doped depth that is more than an

impurity doped depth of the first emitter portion.

[29] The finger electrode may have a width of about 50/M to 300/M and the bus electrode

has a width of about 1 mm to 3mm.

[30] The first emitter portion may have a width that is more than a width of the finger

electrode.

[31] The second emitter portion may have a thickness that is more than a thickness of the

first emitter portion.



[32] The solar cell may further include an anti-reflection layer positioned on the emitter

layer and a back surface field portion positioned between the substrate and the second

electrode.

Advantageous Effects
[33] A manufacturing process of the solar cell is simplified such that manufacturing costs

of the solar cell decreases and production efficiency of the solar cell is improved.

Brief Description of Drawings
[34] The present invention will become more apparent by describing example em

bodiments thereof in detail with reference to the accompanying drawings in which:

[35] FIG. 1 is a partial perspective view of a solar cell according to an example em

bodiment of the present invention;

[36] FIG. 2 is a sectional view of the solar cell shown in FIG. 2 taken along the line II-II;

[37] FIGS. 3 to 9 are sectional views sequentially showing processes for manufacturing a

solar cell according to an example embodiment of the present invention;

[38] FIG. 10 is an example schematically showing a selective annealing method of an in

sulation layer according to an example embodiment of the present invention;

[39] FIG. 11 is another example schematically showing a selective annealing method of

an insulation layer according to an example embodiment of the present invention; and

[40] FIG. 12 shows a relationship of a laser beam irradiation width and a width of a finger

electrode in selectively annealing an insulation layer according to an example em

bodiment of the present invention.

[41]

Best Mode for Carrying out the Invention
[42] The present invention will be described more fully hereinafter 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 embodiments set forth herein.

[43] In the drawings, the thickness of layers, films, panels, regions, etc., are exaggerated

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.

[44] Referring to FIGS. 1 and 2, shown is a solar cell according to an example em

bodiment of the present invention. FIG. 1 is a partial perspective view of a solar cell

according to an example embodiment of the present invention and FIG. 2 is a sectional



view of the solar cell shown in FIG. 2 taken along the line II-II.

[45] Referring to FIGS. 1 and 2, a solar cell 1 according to an example embodiment of the

present invention includes a substrate 301, an emitter layer 302 positioned on a surface

of the substrate, an anti-reflection layer 304 positioned on the emitter layer 210, a

plurality of first electrodes 305 (hereinafter, referred to as "front electrodes") elec

trically connected to the emitter layer 302, a second electrode 306 (hereinafter, referred

to as "a rear electrode") positioned on an entire surface of the substrate 301 and elec

trically connected to the substrate 301, and a back surface field (BSF) layer 307 p o

sitioned between the substrate 301 and the rear electrode 306.

[46] In the example embodiment, the substrate 301 is preferably made of silicon that is

doped with an impurity of a first conductive type, for example, a p-type, though not

required. At this time, silicon may be single crystal silicon, polycrystalline silicon, or

amorphous silicon. When the substrate 301 is of a p-type, the substrate 301 includes an

impurity of a group III element such as boron (B), gallium (Ga), Indium, etc. However,

alternatively, the substrate 301 may be of an n-type, and/or be made of other materials

than silicon. When the substrate 301 is of the n-type, the substrate 301 may include an

impurity of a group V element such as phosphor (P), arsenic (As), antimony (Sb), etc.

[47] The emitter layer 302 is referred to as an impurity portion that has a second

conductive type, for example, an n-type, opposite to the conductive type of the

substrate 301, and is positioned on a surface, that is, a front surface of the substrate

201, on which light is incident. Thus, in this embodiment, the front surface functions as

a light receiving surface.

[48] The emitter layer 302 includes a plurality of first emitter portions 302a and a

plurality of second emitter portions 302b. The first emitter portions 302a and the

second emitter portions 302b have different impurity concentration from each other. In

this embodiment, an impurity concentration of the second emitter portions 302b is

more than that of the first emitter portions 302a. In addition, an impurity doped depth

of each second emitter portion 302b is larger than that of each first emitter portion

302a, and thereby a thickness of each second emitter portion 302b is more than that of

each first emitter portion 302a. Thereby, since the impurity concentration and the

doped depth of each second emitter portion 302b are larger than those of each first

emitter portion 302a, the sheet resistance of the second emitter portions 302b is less

than that of the first emitter portions 302a. In other embodiments, the impurity doped

depth of each second emitter portion 302b need not be larger than those of each first

emitter portion 302a so that the impurity doped depth of each second emitter portion

302b is about the same as or smaller than that of each first emitter portion 302a.

[49] The emitter layer 302 forms a p-n junction with the substrate 301. By a built-in

potential difference generated due to the p-n junction, a plurality of electron-hole pairs,



which are generated by incident light onto the semiconductor substrate 301, are

separated into electrons and holes, respectively, and the separated electrons move

toward the n-type semiconductor and the separated holes move toward the p-type semi

conductor. Thus, when the substrate 301 is of the p-type and the emitter layer 302 is of

the n-type, the separated holes move toward the substrate 301 and the separated

electrons move toward the emitter layer 302. Accordingly, the holes become major

carriers in the substrate 301 and the electrons become major carriers in the emitter

layer 302.

[50] Because the emitter layer 302 forms the p-n junction with the substrate 301, when the

substrate 301 is of the n-type, the emitter layer 302 is of the p-type, in contrast to the

embodiment discussed above, the separated electrons move toward the substrate 301

and the separated holes move toward the emitter layer 302.

[51] Returning to the embodiment when the emitter layer 302 is of the n-type, the emitter

layer 302 may be formed by doping the substrate 301 with an impurity of the group V

element such as P, As, Sb, etc., while when the emitter layer 302 is of the p-type, the

emitter layer 302 may be formed by doping the substrate 301 with an impurity of the

group III element such as B, Ga, etc.

[52] In reference to FIG. 2, the anti-reflection layer 304 is preferably made of silicon

nitride (SiNx) and/or silicon oxide (SiO2), and is positioned on the emitter layer 302.

The anti-reflection layer 304 reduces reflectance of light incident onto the substrate

301 and increases selectivity of a specific wavelength band, thereby increasing ef

ficiency of the solar cell 1. The anti-reflection layer 304 may have a thickness of about

70 nm to 80 nm. The anti-reflection layer 304 may be omitted, if desired.

[53] The plurality of front electrodes 305 include a plurality of finger electrodes 305a

electrically connected to the second emitter portions 302b, and a plurality of bus

electrodes 305b connected to the finger electrodes 305a. The finger electrodes 305a are

spaced apart from each other by a predetermined distance to be parallel to each other

and extend substantially in a direction on the second emitter portions 302b of the

emitter layer 302. The bus electrodes 305b extend substantially in a direction in

tersecting the finger electrodes 305a, and are parallel to each other, though not

necessary. That is, in the embodiment, each of the second emitter portions 302b is p o

sitioned directly under the corresponding finger electrode 305a.

[54] The finger electrodes 305a collect charges, for example, electrons, moving toward

the emitter layer 302 and transmit the charges to a desired position, and the bus

electrodes 305b collects the electrons transmitted through the finger electrodes 305a

and outputs those electrons externally.

[55] Thereby, for improving a collection efficiency of the transmitted electrons, a width of

each bus electrode 305b is more than that of each finger electrode 305a, though such is



not required so that the width of each bus electrode 305b and each finger electrode

305a is about the same. In this embodiment, the width of the bus electrode 305b is

preferably about lmm to about 3mm and the width of the finger electrode 305a is

preferably about 50/M to about 300/M.

[56] In an embodiment of the present invention, the width of the finger electrode 305a is

less than that of the corresponding second emitter portion 302b, but the width of the

finger electrode 305a may be equal to or greater than that of the second emitter portion

302b.

[57] As described above, each second emitter portion 302b is in contact with the

overlying finger electrode 305a, and thereby functions as an ohmic contact reducing

the contact resistance with the finger electrode 305a. On the other hand, the bus

electrode 305b overlies both the first emitter portion 302a and the second emitter

portion 302b.

[58] The front electrodes 305 are preferably made of at least one conductive metal

material. Examples of the conductive metal material may be 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 combination thereof. Other

conductive metal materials may be used.

[59] The rear electrode 306 is positioned on the entire rear surface of the substrate 301

which is opposite to the light receiving surface, and is electrically connected to the

substrate 301. The rear electrode 306 collects charges, for example, holes, moving

toward the substrate 301.

[60] The rear electrode 306 is preferably made of a conductive metal material. Examples

of the conductive metal material may be at least one selected from the group consisting

of Ni, Cu, Ag, Al, Sn, Zn, In, Ti, Au, and a combination thereof. Other conductive

metal materials may be used.

[61] The back surface field layer 307 is positioned between the rear electrode 306 and the

substrate 301. The back surface field layer 307 is an area heavily doped with an

impurity of the same conductive type as the substrate 301, and thereby, in this em

bodiment, the back surface field layer 307 is an area of a p+type. A potential barrier is

formed by an impurity concentration difference between the substrate 301 and the back

surface field layer 307, thereby distributing the movement of carriers (for example,

electrons) to a rear portion of the substrate 301. Accordingly, the back surface field

layer 307 prevents or reduces the recombination and/or the disappearance of the

separated electrons and holes in the interface of the substrate 301 and the rear electrode

306.

[62] An operation of the solar cell 1 of the structure will be described in detail. When light

irradiated to the solar cell 1 is incident on the substrate 301 of the semiconductor



through the anti-reflection layer 304 and the emitter layer 302, a plurality of electron-

hole pairs are generated in the substrate 301 by light energy based on the incident light.

At this time, since a reflection loss of light incident onto the substrate 301 is reduced

by the anti-reflection layer 304, an amount of the incident light on the substrate 301

increases.

[63] The electron-hole pairs are separated by the p-n junction of the substrate 301 and the

emitter layer 302, and the separated electrons move toward the emitter layer 302 of the

n-type and the separated holes move toward the substrate 301 of the p-type. The

electrons moved toward the emitter layer 301 are collected by the finger electrodes

305a of the front electrodes 305 to be transmitted along the finger electrodes 305a, and

are then collected by the bus electrodes 305b connected to the finger electrodes 305a,

while the holes moved toward the substrate 301 are collected by the rear electrode 306.

When the bus electrodes 305b and the rear electrode 306 are connected with electric

wires (not shown), current flows therein to thereby enable use of the current for

electric power.

[64] At this time, since the finger electrodes 305a are directly in contact with the second

emitter portions 302b heavily doped with the impurity of the n-type, for example, the

contact power between the emitter layer 302 and the finger electrodes 305 improves,

and thereby transmission efficiency of the electrons increases to improve efficiency of

the solar cell 1.

[65] Next, referring to FIGS. 3 to 12, a method for manufacturing a solar cell according to

an example embodiment of the present invention.

[66] FIGS. 3 to 9 are sectional views sequentially showing processes for manufacturing a

solar cell according to an example embodiment of the present invention. FIG. 10 is an

example schematically showing a selective annealing method of an insulation layer

according to an example embodiment of the present invention and FIG. 11 is another

example schematically showing a selective annealing method of an insulation layer

according to an example embodiment of the present invention. In addition, FIG. 12

shows a relationship of a laser beam irradiation width and a width of a finger electrode

in selectively annealing an insulation layer according to an example embodiment of the

present invention.

[67] As shown in FIG. 3, a method for manufacturing a solar cell according to an example

embodiment of the present invention, first, includes preparing a substrate 301 doped

with an impurity of a first conductive type. The substrate 301 may be made of single

crystal silicon, polycrystalline silicon, or amorphous silicon, and a material of the

substrate 301 may be varied, and need not be limited to silicon.

[68] The first conductive type of the substrate 301 may be a p-type or an n-type.

However, when the substrate 301 has a conductive type of a p-type, lifetime and



mobility of minority carriers (electrons) are larger than those of majority carriers. A c

cordingly, preferably, though not required, the substrate 301 has the conductive type of

the p-type. At this time, the substrate 301 of the p-type includes a group III element

such as B, Ga, In, and etc.

[69] The substrate 301 may be a substrate that underwent a wet etching process, etc., to

remove damaged portions generated on a surface of the substrate 301 in a slicing

process of a silicon.

[70] Next, referring to FIG. 4, an first emitter portion302a and an insulation layer 303 are

formed by doping an impurity of a second conductive type opposite (or different) to

the first conductive type into the substrate 301.

[71] The first emitter portion 302a forms a p-n junction with the substrate 301. A c

cordingly, when the substrate 301 is a p-type, the first emitter portion 302a is an n-type

and is thereby doped with an impurity of a group V element such as P, As, Sb, etc.

[72] The formation of the insulation layer 303 and the first emitter portion 302a will be

described in detail below. For example, the substrate 301 is placed in a diffusion

furnace and an oxygen (O2) gas and an impurity gas of the second conductive type

(e.g., n-type) are injected in the diffusion furnace, to diffuse the impurity of the second

conductive type into the substrate 301. Accordingly, the first emitter portion 302a

including the impurity of the second conductive type is formed. At this time, the in

sulation layer 303 that is an oxide including the impurity is formed on the substrate

301 by reacting of the oxygen (O2) and the impurity gas. Here, when the substrate 301

is the p-type, the impurity gas may be POCl3, and thereby the insulation layer 303 is

PSG (phosphorus silicate glass), such as P2O5.

[73] Instead of the formation of the first emitter portions 302a using the diffusion of the

impurity gas in the diffusion furnace, in an alternative embodiment, the first emitter

portions 302a may be formed by using a spraying, a screen printing using a paste, etc.

In this case, after coating an impurity source including the p-type or n-type impurity on

the substrate 301 by the spraying of the impurity, or printing a doping paste containing

the impurity on the substrate 301 by the screen printing, a heating process is performed

on the substrate 301 to diffuse the impurity into the substrate 301. At this time, the in

sulation layer 303 including the impurity is formed on the substrate 301. In this case,

the insulation layer 303 is PSG (phosphorus silicate glass), such as P2O5

[74] After the first emitter portion 302a is formed, as shown in FIG. 5, laser beams L or

Le' are selectively irradiated on the insulation layer 303, to thereby anneal (or heat)

portions of the insulation layer 303 on which the laser beams L or Le' are irradiated. At

this time, irradiation positions of the laser beams L or Le' correspond to formation

positions of the finger electrodes 305a shown in FIGS. 1 and 2. In addition, the ir

radiated laser beams L or Le' preferably have an energy density that does not damage



the first emitter portion 302a underlying the insulation layer 303 by laser ablation.

[75] Next, a selective annealing method for selectively irradiating the laser beams L or Le'

onto the insulation layer 303 will be described in reference to FIGS. 10 to 12.

[76] First, referring to FIG. 10, an example of the selective annealing method of the in

sulation layer 303 will be described. That is, as shown in FIG. 10, after the substrate

301 with the insulation layer 303 is placed on a stage (not shown) for annealing, a

plurality of laser irradiation equipments 401 are positioned at annealing positions 403.

[77] Next, when laser beams L emitted from the laser irradiation equipments 401 are ir

radiated, the laser beams L are directly irradiated at the desired (or selective) positions

403 as the substrate 301 is moved in an extension direction of the finger electrodes

305a, for example, an X-axis direction. Thus, the irradiation positions of the laser

beams L are moved along only the extension direction of the finger electrodes 305a.

[78] At this time, as shown in FIG. 12, since a laser beam irradiation width WL is more

than a width WF of the finger electrode 305a, a sufficient annealing operation is

performed at the annealing positions 304. Thereby, without the movement of the ir

radiation positions of the laser beams L by a predetermined distance in a Y-axis

direction, by moving the irradiation positions of the laser beams L only in the X-axis

direction that is the extension direction of the finger electrodes 305a, desired portions

403 of the insulation layer 303 are heated and/or annealed. Thus, only portions of the

insulation layer 303 corresponding to the finger electrodes 305a are heated by the laser

beams L, while portions of the insulation layer 303 corresponding to the bus electrodes

305b are not heated by the laser beams L. In other embodiments, the laser beam ir

radiation width WL may be equal to or less than the width WF of the finger electrode

305a.

[79] Meanwhile, unlike FIG. 10, where the substrate 301 is moved, after the substrate 301

is located or fixed, the laser irradiation equipments 401 may be moved in the extension

direction of the finger electrodes 305 to irradiate the laser beams L to the positions

403. In other example embodiments, both the substrate 301 and the laser irradiation

equipments 401 may be moved in the extension direction of the finger electrodes 305,

relative to each other, for example.

[80] Since the positions 403 contacting with the finger electrodes 305a are simultaneously

heated and/or annealed by one laser scan process, and/or the laser beam irradiation

width WL is more than the width WF of the finger electrode 305a, desired heated and/

or annealed areas are obtained by only one heating and/or annealing operation. A c

cordingly, when desired portions of the insulation layer 303 are selectively heated and/

or annealed, the number of laser beam irradiation decreases, a manufacturing time of

the solar cell decreases, a manufacturing process of the solar cell is simplified, and/or

productivity for the solar cell increases.



[81] As described above, controlling the energy density of the laser beams L and the

number of laser beam irradiation to be low, laser ablation at the laser irradiation

positions 403 is reduced or prevented. In the embodiment, the energy density of the

laser beams L may be about 0.3 J/cm2 to about 1.2 J/cm2, and the number of laser beam

irradiation may be about 2 times to about 20 times.

[82] When the energy density of the laser beams L is less than about 0.3 J/cm2, the ir

radiation positions 403 are not sufficiently heated or melted and thereby an additional

diffusion of the impurity included in the insulation layer 303 into the substrate 301 is

not normally performed. On the contrary, when the energy density of the laser beams L

is greater than about 1.2 J/cm2, the irradiation positions 403 are excessively heated or

melted, and thereby mass transfer occurs at the excessively heated or the melted

positions. Therefore, there may be problems that surfaces of the laser irradiation

positions 403 become rough and/or the sheet resistance increases.

[83] [0080] However, the energy density of the laser beams L is varied based on charac

teristics of the insulation layer 303 such as a thickness and a kind thereof, and the

number of laser irradiation is varied based on the characteristics of the insulation layer

303, the energy density, etc.

[84] Another example of the selective annealing method of the insulation layer 303 uses

excimer laser beams Le irradiating a large area at one time. That is, as shown in FIG.

11, the excimer laser beams Le are irradiated to a mask 402 including holes 404, and

then groups of laser beams Le' passing the holes 404 are simultaneously irradiated to

the positions 403 corresponding to the finger electrodes 305a. At this time, unlike FIG.

10, the excimer laser beams Le are emitted from one laser irradiation equipment (not

shown). However, like FIG. 10, for irradiating the laser beams Le' at the desired

portions of the insulation layer 303, one or both of the substrate 301 and the laser ir

radiation equipment may be moved in a desired direction, for example, the extension

direction of the finger electrodes 305a.

[85] Like the case of FIG. 10, as shown in FIG. 12, a laser beam width is more than the

width WF of the finger electrode 305a for sufficiently annealing the desired positions

403, but the laser beam width may be equal to or less than the width WF of the finger

electrode 305a. An energy density of the laser beams Le and the number of laser ir

radiation are defined not to generate the laser ablation. The energy density and the

number of laser irradiation may be varied based on the characteristics of the insulation

layer 303, etc.

[86] Accordingly, like the case of FIG. 10, the selective annealing process of the in

sulation layer 303 is simplified, thereby a manufacturing time of the solar cell

decreases, and the productivity of the solar cell increases.

[87] However, the insulation layer 303 may be selectively annealed by various manners



besides the method based on FIGS. 10 and 11. For example, laser beams may be

divided into a plurality of laser beam groups corresponding to the number of finger

electrodes 305a using at least one half mirror, polygon mirror, or diffractive optical

element to be irradiated at the desired positions 403 corresponding to the finger

electrodes 305a.

[88] When the insulation layer 303 is selectively heated and/or annealed by various

manners, as described above, the portions of the insulation layer 303 to which the laser

beams L or Le' are irradiated are heated at a high temperature, and thereby impurity

concentrations and impurity diffusion depths of the underlying second emitter portions

302b increase to form a plurality of second emitter portions 302b.

[89] That is, since the impurity included in the annealed portions of the insulation layer

303 and having the second conductive type are additionally diffused in portions of the

underlying first emitter portion 302a, the portions of the first emitter portion 302a are

changed into the second emitter portions 302b having the heavily impurity concen

trations and the large doped depths. At this time, by the second emitter portions 302b,

the first emitter portion 302a is divided into plural portions. After the emitter layer 302

is completed by the formation of the second emitter portions 302b, as shown in FIG. 6,

the insulation layer 303 positioned on the substrate 301 is removed. At this time, the

insulation layer 303 may be removed by various manners such as a wet etching using

HF.

[90] Next, referring to FIG. 7, an edge isolation process is performed to remove the first

emitter layers 302a formed at lateral and rear sides of the substrate 301, except for a

front side of the substrate 301. An example of the edge isolation process is performed

by immersing the substrate 301 in a bath including a wet etchant of mixed HF, HNO3,

and H2O for a predetermined time, after protecting the first emitter portion 302a on the

front side of the substrate 301 from the etchant. However, the edge isolation process

may be performed by various manners such as the using of laser beams.

[91] Next, referring to FIG. 8, an anti-reflection layer 304 is formed on the emitter layer

302. The anti-refection layer 304 reduces reflectance of incident light. The anti-

reflection layer 304 may be preferably made of silicon nitride (SiNx). The anti-

refection layer 304 may be formed by a plasma enhanced chemical vapor deposition

(PECVD), a chemical vapor deposition (CVD), or a sputtering. In alternative em

bodiment, a passivation layer made of silicon oxide (SiO2), silicon nitride (SiNx), and/

or silicon oxy-nitride (SiOxNy) may further be formed before the anti-reflection layer

304, so that the passivation layer may be a single layer of one silicon containing

component or multiple layers with one or more silicon containing components.

[92] Next, referring to FIG. 9, a front electrode paste is printed on the anti-reflection layer

304 by using a screen printing to simultaneously form front electrode patterns with



finger electrode patterns 305 1 and bus electrode patterns intersecting the finger

electrode patterns 3051. At this time, the finger electrode patterns 3051 correspond to

the second emitter portions 302b. The front electrode paste preferably includes Ag and

glass frits, though not required. Next, a rear electrode paste is printed on a rear surface

of the substrate 301 to forma rear electrode pattern 3061. The rear electrode paste

preferably includes aluminum (Al). At this time, the printing order of the front

electrode patterns and the rear electrode pattern 3061 may be changed.

[93] Next, a heating process is performed on the substrate 301 with the front electrode

patterns and the rear electrode pattern 3061 to form a plurality of front electrodes 305,

that is, a plurality of finger electrodes 305a and a plurality of bus electrodes 305b,

contacting with the emitter layer 302, a rear electrode 306 contacting with the substrate

301, respectively, and a back surface field layer 307. Accordingly, a solar cell 1 is

completed shown in FIG. 1.

[94] That is, by the heating process, the front electrode patterns are in contact with the

emitter layer 302 by penetrating the anti-reflection layer 304. In detail, the bus

electrode patterns are contacted with the first emitter portions 302a, the finger

electrode patterns 3051 are contacted with the second emitter portions 302b, and the

rear electrode pattern 3061 is in contact with the substrate 301. Accordingly, the finger

electrodes 305a are contacted with only the second emitter portions 302b, while the

bus electrode 305b are contacted with both the first emitter portions 302a and the

second emitter portions 302b. Also, when the intersection portions of the finger

electrodes 305a and the bus electrodes 305b are excluded, the finger electrodes 305a

are contacted with only the second emitter portions 302b, and the bus electrode 305b

are only contacted with the first emitter portions 302a.

[95] In addition, by the heating process, since Al included in the rear electrode paste is

doped in the substrate 301, the back surface field layer 307 is formed. The back surface

field layer 307 has an impurity concentration heavier than that of the substrate 301. As

described above, since Al is the group III element, the back surface field layer 307 has

a conductive type of a P+ type, and thereby prevents the recombination of the electrons

and the holes and helps the movement of the holes toward the rear electrode 306.

[96] Since the front electrodes 305 include Ag, the front electrodes 305 have good electric

conductivity. In addition, since the rear electrode 306 includes Al having good affinity

with silicon, the rear electrode 306 has good contact with the substrate 301 as well as

the good electric conductivity.

[97] In embodiments of the present invention, reference to front or back, with respect to

electrode, a surface of the substrate, or others is not limiting. For example, such a

reference is for convenience of description since front or back is easily understood as

examples of first or second of the electrode, the surface of the substrate or others.



[98] While this invention has been described in connection with what is presently

considered to be practical example embodiments, it is to be understood that the

invention is not limited to the disclosed embodiments, but, on the contrary, is intended

to cover various modifications and equivalent arrangements included within the spirit

and scope of the appended claims.



Claims
[1] A method for forming an emitter layer for a solar cell, the method comprising:

preparing a substrate including a first impurity of a first conductive type;

diffusing a second impurity of a second conductive type opposite to the first

conductive type in the substrate to form a first emitter portion of the emitter layer

in the substrate; and

selectively heating a portion of the first emitter portion, which corresponds to a

position for forming at least one electrode, to form a second emitter portion.

[2] The method of claim 1, wherein the at least one electrode comprises a finger

electrode and a bus electrode, and the second emitter portion is formed under the

finger electrode.

[3] The method of claim 1, wherein the forming of the first emitter portion

comprises:

supplying an impurity gas of the second conductive type in a diffusion furnace to

diffuse an impurity included in the impurity gas in the substrate to form the first

emitter portion; and

generating an insulation layer including the impurity on the first emitter portion.

[4] The method of claim 3, wherein the insulation layer is PSG (phosphorus silicate

glass).

[5] The method of claim 1, wherein the forming of the first emitter portion

comprises:

coating an impurity source including an impurity of the second conductive type

on the substrate or printing a doping paste including the impurity of the second

conductive type on the substrate; and

heating the substrate with the coated impurity source or the printed doping paste

to diffuse the impurity in the substrate to form the first emitter portion, and

generating an insulation layer including the impurity on the first emitter portion.

[6] The method of claim 5, wherein the insulation layer is PSG (phosphorus silicate

glass).

[7] The method of claim 3, wherein the forming of the second emitter portion

comprises irradiating laser beams on the insulation layer, so that a portion of the

first emitter portion underlying a portion of the insulation layer, on which the

laser beams are irradiated, is heated.

[8] The method of claim 5, wherein the forming of the second emitter portion

comprises irradiating laser beams on the insulation layer, so that a portion of the

first emitter portion underlying a portion of the insulation layer, on which the

laser beams are irradiated, is heated.



[9] The method of claim 7, wherein the laser beams have an irradiation width more

than a width of the at least one electrode.

[10] The method of claim 8, wherein the laser beams have an irradiation width more

than a width of the at least one electrode.

[11] The method of claim 7, wherein an irradiation position of the laser beams is

moved by at least one of changing an emitting position of the laser beams and

changing a position of the substrate.

[12] The method of claim 8, wherein an irradiation position of the laser beams is

moved by at least one of changing an emitting position of the laser beams and

changing a position of the substrate.

[13] The method of claim 1, wherein the second emitter portion has a sheet resistance

less than a sheet resistance of the first emitter portion.

[14] The method of claim 1, wherein the second emitter portion has an impurity con

centration that is more than an impurity concentration of the first emitter portion.

[15] The method of claim 1, wherein the second emitter portion has an impurity

doped depth that is more than an impurity doped depth of the first emitter

portion.

[16] A method for manufacturing a solar cell, the method comprising:

forming the emitter layer for the solar cell of claim 1;

forming first electrodes connected to the first and second emitter portions, and a

second electrode connected to the substrate,

wherein the first electrodes comprise at least one finger electrode formed along

the second emitter portion and at lease one bus electrode intersecting and

connected to the at least one finger electrode.

[17] The method of claim 16, wherein the selective heating includes at least one of

laser beams irradiating the substrate along an extension direction of the at least

one finger electrode.

[18] The method of claim 16, wherein the first and second emitter portions are formed

on a light receiving surface of the substrate.

[19] The method of claim 16, wherein the second electrode is formed on an opposite

surface of the substrate to the light receiving surface.

[20] The method of claim 16, further comprising removing the insulation layer after

the second emitter portion is formed.

[21] The method of claim 16, further comprising forming an anti-reflection layer on

the first and second emitter portions.

[22] The method of claim 21, wherein the forming of the first and second electrodes

comprises:

applying a first electrode paste on the anti-reflection layer corresponding to the



second emitter portion to form a pattern of the at least one finger electrode; and

heating the substrate having the pattern of the at least one finger electrode.

[23] The method of claim 22, wherein the forming of the pattern of the at least one

finger electrode includes forming a pattern of at least one bus electrode to

intersect the pattern of at least one finger electrode along with the pattern of the

at least one finger electrode.

[24] The method of claim 22, further comprising applying a second electrode paste on

the substrate to form a pattern of the second electrode.

[25] The method of claim 24, wherein the heating of the substrate heats the pattern of

the second electrode along with the pattern of the at least one finger electrode.

[26] A solar cell, comprising:

a substrate of a first conductive type;

an emitter layer that is positioned on the substrate and is a second conductive

type that is opposite to the first conductive type;

first electrodes that are connected to the emitter layer; and

a second electrode that is connected to the substrate,

wherein the emitter layer comprises a first emitter portion and a second emitter

portion,

the first electrodes comprise a finger electrode, and a bus electrode intersecting

and connected to the finger electrode, and

the first emitter portion and the second emitter portion are positioned under the

bus electrode.

[27] The solar cell of claim 26, wherein the second emitter portion has an impurity

concentration that is more than an impurity concentration of the first emitter

portion.

[28] The method of claim 26, wherein the second emitter portion has an impurity

doped depth that is more than an impurity doped depth of the first emitter

portion.

[29] The solar cell of claim 26, wherein the finger electrode has a width of about 50/M

to 300/M and the bus electrode has a width of about 1 mm to 3mm.

[30] The solar cell of claim 26, wherein the first emitter portion has a width that is

more than a width of the finger electrode.

[31] The solar cell of claim 26, wherein the second emitter portion has a thickness

more than a thickness of the first emitter portion.

[32] The solar cell of claim 26, further comprising an anti-reflection layer positioned

on the emitter layer.

[33] The solar cell of claim 26, further comprising a back surface field portion p o

sitioned between the substrate and the second electrode.
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