
DESCRIPTION 

SOLAR CELL AND METHOD FOR PRODUCING SOLAR CELL 

TECHNICAL FIELD 

[0001] 

The present invention relates to a solar cell and a 

method for producing a solar cell. 

BACKGROUND ART 

[0002] 

A previous back surface electrode-type solar cell is 

schematically shown in FIG. 15 as a cross sectional view. 

The back surface electrode-type solar cell 110 produced by 

a previous art will be described by referring to FIG. 15. 

On the light-receiving surface side of an N-type silicon 

substrate 113, a rugged shape 114 and an FSF (Front 

Surface Field) layer 115, which is an N-type diffusion 

layer, are formed. On the rugged shape 114, a dielectric 

passivation layer (a surface passivation layer) 117 which 

contains silicon dioxide and an antireflective film 116 

which contains silicon nitride are formed from the side of 

the N-type diffusion layer 113. 

[0003] 

On the backside of the N-type silicon substrate 113, 

an oxide layer (the first backside passivation film) 119 

is formed. In addition, on the backside of the N-type 

silicon substrate 113, N-type doped N-type diffusion 

layers 120 and P-type doped P-type diffusion layers 121 

are alternately formed. On the N-type diffusion layer 120, 

an N-type metal contact 11 is formed; and on the P-type 

diffusion layer 121, a P-type metal contact 12 is formed. 

These contact electrodes, which are joined directly to the 
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substrate itself, can function as finger electrodes for 

collecting current. 

[0004] 

FIG. 19 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell. As shown in FIG. 19, the back 

surface electrode-type solar cell is provided with a pair 

of bus bar electrodes (an N-type bus bar electrode 22, a 

P-type bus bar electrode 23) at the edge of the substrate 

for collecting current from finger electrodes (the N-type 

metal contact 11, the P-type metal contact 12). Although 

the electrodes nearest to the periphery of the substrate 

are depicted as N-type metal contact electrodes in FIG. 19, 

they may be P-type metal contact electrodes or electrodes 

of different type with each being P-type and N-type. 

[0005] 

To improve the efficiency of the back surface 

electrode-type solar cell, full enlargement of the P-type 

diffusion layer, which is a power generation layer, can be 

expected to increase short circuit current. Accordingly, 

it is desirable to form the region of the P-type diffusion 

layer widely such as the ratio of the P-type diffusion 

layer and the N-type diffusion layer in a range of 80:20 

to 90:10. When the area of contact between the substrate 

and the contact electrodes (hereinafter, also referred to 

as contact area) is decreased as possible, and the 

passivation regions are enlarged, increase of open circuit 

voltage can be expected. Accordingly, it is desirable to 

design the metal contact region as small as possible by 

making the contact electrodes in thin line shapes or dot 

shapes. 

[0006] 

Patent Literature 1 discloses a back surface 



electrode-type solar cell in which the contact area of the 

electrodes and the substrate is suppressed to the lowest 

possible, and the passivation regions are enlarged by 

three steps of forming contact electrodes, covering the 

portion other than the contact electrodes with an 

insulation film, and forming a wiring electrode. 

[0007] 

FIG. 16 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell disclosed in Patent Literature 1 

In the solar cell of Patent Literature 1, however, only 

one pair of bus bar electrodes (an N-type bus bar 

electrode 22, a P-type bus bar electrode 23) are formed at 

the periphery of the substrate (see FIG. 16). In this 

arrangement, the finger electrodes are long, and 

accordingly the wiring resistance becomes extremely large, 

which causes lowering of a fill factor. It is considered 

that this can be solved by designing the wiring electrodes 

(finger electrodes) to have enlarged cross-section or the 

finger to have shortened length. 

[0008] 

FIG. 17 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell disclosed in Patent Literature 

As shown in FIG. 17, Patent Literature 2 discloses an 

electrode shape of a solar cell, for example, being 

provided with plural pairs of bus bar electrodes 30 so as 

to shorten the length of finger electrodes 41. In this 

arrangement, the finger length becomes L/3 based on the 

substrate length L, and the wiring resistance becomes one 

third compared to the case having a pair of bus bar 

electrodes. In this case, however, the bus bar electrodes 

are arranged at the periphery, and the bus bar electrodes 
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at the periphery only collect current from the finger 

electrode on one side. 

CITATION LIST 

PATENT LITERATURE 

[0009] 

Patent Literature 1: Japanese Patent No. 5317209 

Patent Literature 2: Japanese Patent No. 5214755 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0010] 

Accordingly, the inventors attempted to improve the 

pattern of bus bar electrodes. FIG. 18 is a top view 

schematically showing the appearance of the backside of a 

back surface electrode-type solar cell in which the 

positions of bus bar electrodes are altered. For example, 

when the bus bar electrodes (an N-type bus bar electrode 

22, a P-type bus bar electrode 23) are rearranged to be 

formed inside in order to collect current from the finger 

electrodes (N-type finger electrodes 39, P-type finger 

electrodes 40) on both sides, and insulator films 124 and 

125 are installed as shown in FIG. 18 so as not to touch 

the finger electrodes and the bus bar electrodes for 

different conductivity type with each other, it is 

possible to decrease the finger length to L/6 without 

altering the number of bus bar electrodes, and to decrease 

the wiring resistance to one sixth of that of a pair of 

bus bar electrodes. 

[0011] 

On the other hand, in view of improving the 

efficiency of a solar cell, it is necessary to narrow the 

line width of the contact electrodes which directly joined 
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to the substrate, or to make the contact electrodes 

discontinuous to thin out the electrode in order to 

decrease the contact area. FIGs. 20 and 21 are figures to 

show steps of forming electrodes of a back surface 

electrode-type solar cell which was investigated by the 

present inventors. 

[0012] 

For example, when the line width of contact 

electrodes 28 is narrowed, the steps shown in FIG. 20 can 

be performed by forming the contact electrodes 28 (FIG. 20 

(1)), followed by installing insulator films 124 in 

regions in which bus bar electrodes for different 

conductivity type are intersect (FIG. 20 (2)), and forming 

bus bar electrodes 30 (FIG. 20 (3)). In this case, only 

contact electrodes with narrow line width function as 

finger electrodes for collecting current. Accordingly, 

the finger electrode becomes thinner, that is, the cross-

section of the finger electrode becomes smaller. As a 

result, the wiring resistance increases, thereby lowering 

the conversion efficiency. 

[0013] 

In order to decrease the contact area, the contact 

electrodes 28 may be formed discontinuously in dot shapes 

as shown in FIG. 21. This case can be performed by 

forming the contact electrodes 28 discontinuously in dot 

shapes (FIG. 21 (1)), followed by forming other wiring 

electrodes 29 to connect these electrodes (FIG. 21 (2)), 

installing insulator films 124 in regions in which bus bar 

electrodes with different conductivity type intersect (FIG. 

21 (3)), and forming bus bar electrodes 30 (FIG. 21 (4)). 

In this case, however, a step of forming wiring electrodes 

29 is necessary as described above, and accordingly, the 

number of steps is increased and cost becomes higher. 
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[0014] 

The present invention was accomplished in view of 

the above-described problems. It is an object of the 

present invention to provide a solar cell with low wiring 

resistance and high conversion efficiency, and to provide 

a method for producing a solar cell which can produce such 

a solar cell with low cost. 

SOLUTION TO PROBLEM 

[0015] 

To solve the problems described above, the present 

invention provides a solar cell comprising: 

a semiconductor substrate of a first conductivity 

type having a first conductivity type diffusion layer and 

a second conductivity type diffusion layer which are 

formed on a backside of a light-receiving surface of the 

semiconductor substrate, 

a first electrode portion joined to the first 

conductivity type diffusion layer, and a second electrode 

portion joined to the second conductivity type diffusion 

layer, 

a first electrode line portion formed on the first 

electrode portion, 

a second electrode line portion formed on the second 

electrode portion, 

a first electrode bus bar portion connected with the 

first electrode line portion, and 

a second electrode bus bar portion connected with 

the second electrode line portion; 

a first insulator film which is formed so as to 

cover a side portion and a top of the second electrode 

portion at least in an intersection region of the second 

electrode portion and the first electrode bus bar portion, 
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a second insulator film which is formed so as to 

cover a side portion and a top of the first electrode 

portion at least in an intersection region of the first 

electrode portion and the second electrode bus bar portion, 

wherein 

the second electrode portion is formed continuously 

in a line shape under the first insulator film, and 

the first electrode portion is formed continuously 

in a line shape under the second insulator film. 

[0016] 

Such a solar cell can shorten the length of the 

finger electrodes by installing insulator films at least 

in an intersection region of the second electrode portion 

and the first electrode bus bar portion and an 

intersection region of the first electrode portion and the 

second electrode bus bar portion (hereinafter, referred to 

as insulation regions), and forming three-dimensional 

structure of bus bar electrodes and finger electrodes; and 

accordingly can collect current from the finger electrodes 

on both sides. As a result, it is possible to decrease 

the wiring resistance and to increase the fill factor. It 

is also possible to increase the cross-section of the 

finger electrode while decreasing the contact area to 

decrease the wiring resistance by forming finger 

electrodes on the contact electrodes. Such a solar cell 

achieves low price, low wiring resistance, and high 

conversion efficiency. It is to be noted that, 

hereinafter, the first electrode portion and the second 

electrode portion are also simply referred to as an 

electrode portion or a contact electrode when they do not 

have to be distinguished. Hereinafter, the first 

electrode line portion and the second electrode line 

portion are also simply referred to as an electrode line 
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portion or a finger electrode when they do not have to be 

distinguished. The first electrode bus bar portion and 

the second electrode bus bar portion are also simply 

referred to as an electrode bus bar portion or a bus bar 

electrode. 

[0017] 

It is also preferable that the first electrode 

portion have a dot shape, a line shape, or a combination 

thereof in a part where the second insulator film is not 

formed; and the second electrode portion have a dot shape, 

a line shape, or a combination thereof in a part where the 

first insulator film is not formed; 

the first electrode portion formed under the second 

insulator film have a length larger than a length of the 

second insulator film, and have a width narrower than a 

width of the second insulator film; and 

the second electrode portion formed under the first 

insulator film have a length larger than a length of the 

first insulator film, and have a width narrower than a 

width of the first insulator film. 

[0018] 

In such a solar cell, the area of contact between 

the electrode portions and the substrate (contact area) 

can be smaller. It is also possible to further prevent 

the contact between the electrode portion and the 

electrode bus bar portion for different conductivity type. 

[0019] 

It is also preferable that the first insulator film 

be formed so as to cover the second conductivity type 

diffusion layer at least in a region under the first 

electrode bus bar portion, and 

the second insulator film be formed so as to cover 

the first conductivity type diffusion layer at least in a 



region under the second electrode bus bar portion. 

[0020] 

In a solar cell having a dielectric layer on the 

back surface of the substrate, it is preferable to form 

insulator films as described above. When the insulator 

film is larger than the width of the diffusion layer, the 

first electrode bus bar portion does not touch to the 

second conductivity type diffusion layer, and accordingly 

the first electrode bus bar portion and the second 

conductivity type diffusion layer are not electrically 

conducted with each other via the dielectric layer. 

[0021] 

It is also preferable that the total number of the 

first electrode bus bar portion and the second electrode 

bus bar portion be 4 or more and 10 or less. 

[0022] 

Such a solar cell can further decrease the wiring 

resistance of the finger electrode. 

[0023] 

It is also preferable that the first insulator film 

and the second insulator film be each composed of a 

material which at least contains one or more resins 

selected from the group consisting of silicone resins, 

polyimide resins, polyamide-imide resins, fluororesins, 

phenolic resins, melamine resins, urea resins, 

polyurethanes, epoxy resins, acrylic resins, polyester 

resins, and poval resins. 

[0024] 

Insulator films composed of such material has 

excellent heat resistivity. Accordingly, these insulator 

films are preferable when heat treatment is performed in 

forming an electrode. 

[0025] 
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It is also preferable that the second electrode 

portion have a length of 0.35 to 5.0 mm, the first 

insulator film has a length of 0.32 to 4.0 mm, and the 

first electrode bus bar portion have a width of 0.30 to 

3.0 mm in the intersection region of the second electrode 

portion and the first electrode bus bar portion; 

the first electrode portion have a length of 0.35 to 

5.0 mm, the second insulator film has a length of 0.32 to 

4.0 mm, and the second electrode bus bar portion have a 

width of 0.30 to 3.0 mm in the intersection region of the 

first electrode portion and the second electrode bus bar 

portion. 

[0026] 

In such a solar cell, it is possible to further 

prevent the contact between the electrode portions and the 

electrode bus bar portions for different conductivity type. 

[0027] 

It is also preferable that the first electrode bus 

bar portion have a length of 0.3 mm or more, the first 

insulator film have a width of 0.03 to 1.5 mm, and the 

second electrode portion have a width of 0.02 to 0.20 mm 

in the intersection region of the second electrode portion 

and the first electrode bus bar portion; 

the second electrode bus bar portion have a length 

of 0.3 mm or more, the second insulator film have a width 

of 0.03 to 1.5 mm, and the first electrode portion have a 

width of 0.02 to 0.20 mm in the intersection region of the 

first electrode portion and the second electrode bus bar 

portion. 

[0028] 

Such a solar cell makes the ratio of the area of the 

electrode to the area of the substrate be in an 

appropriate range. This makes it possible to enlarge the 
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passivation region and to increase the open-circuit 

voltage. 

[0029] 

It is also preferable that the first insulator film 

and the second insulator film each have a thickness of 1 

to 60 pm. 

[0030] 

In such a solar cell, the insulation property can be 

more improved. It is also possible to produce a desired 

solar cell at lower cost since it does not form the 

insulator film excessively. 

[0031] 

It is also preferable that the first electrode line 

portion, the second electrode line portion, the first 

electrode bus bar portion, and the second electrode bus 

bar portion be each composed of a material which at least 

contains one or more kinds of conductive materials 

selected from the group consisting of Ag, Cu, Au, Al, Zn, 

In, Sn, Bi, and Pb, and one or more kinds of resins 

selected from the group consisting of epoxy resins, 

acrylic resins, polyester resins, phenolic resins, and 

silicone resins. 

[0032] 

When the solar cell is composed of such an electrode 

material, this electrode material does not directly 

connected to a semiconductor substrate such as a silicon 

substrate when it is heated, and an increase of the 

contact area can be suppressed accordingly. 

[0033] 

The present invention also provide a method for 

producing a solar cell including a semiconductor substrate 

of a first conductivity type having a first conductivity 

type diffusion layer and a second conductivity type 
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diffusion layer which are formed on a backside of a light-

receiving surface of the semiconductor substrate, 

comprising the steps of: 

forming the first conductivity type diffusion layer 

and a first electrode portion which is joined to the first 

conductivity type diffusion layer, as well as the second 

conductivity type diffusion layer and a second electrode 

portion which is joined to the second conductivity type 

diffusion layer, on the backside of the light-receiving 

surface; 

forming a first insulator film so as to cover a side 

portion and a top of the second electrode portion, and 

forming a second insulator film so as to cover a side 

portion and a top of the first electrode portion; 

forming a first electrode line portion on the first 

electrode portion and forming a first electrode bus bar 

portion so as to connect to the first electrode line 

portion, simultaneously with forming a second electrode 

line portion on the second electrode portion and forming a 

second electrode bus bar portion so as to connect to the 

second electrode line portion; wherein 

the second electrode portion is formed continuously 

in a line shape under the first insulator film, and the 

first electrode portion is formed continuously in a line 

shape under the second insulator film in the step of 

forming the electrode portions; and 

the first insulator film is formed at least in an 

intersection region of the second electrode portion and 

the first electrode bus bar portion, and the second 

insulator film is formed at least in an intersection 

region of the first electrode portion and the second 

electrode bus bar portion in the step of forming the 

insulator films. 
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[0034] 

Such a method for producing a solar cell can produce 

a back surface electrode-type solar cell with low wiring 

resistance and high conversion efficiency at low cost and 

with high productivity. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0035] 

In the inventive solar cell, it is possible to 

increase the number of bus bar electrodes and to shorten 

the length of finger electrodes, and is possible to 

collect current from the finger electrodes on both sides 

by installing insulator films at insulation regions and 

forming three-dimensional structure of the bus bar 

electrodes and the finger electrodes. As a result, it is 

possible to decrease the wiring resistance and to increase 

the fill factor. Moreover, it is possible to increase the 

cross-section of the finger electrode while decreasing the 

contact area to decrease the wiring resistance by forming 

finger electrodes on the contact electrodes, and to 

improve the open-circuit voltage thereby. Furthermore, 

the inventive method for producing a solar cell can 

produce such solar cells without increasing the number of 

production steps. 

BRIEF DESCRIPTION OF DRAWINGS 

[0036] 

FIG. 1 is a top schematic view showing an example of 

the inventive solar cell; 

FIG. 2 is a magnified view showing an enlarged part 

of the inventive solar cell; 

FIG. 3 is a magnified view showing an enlarged part 

of the inventive solar cell; 
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FIG. 4 is a cross sectional schematic view showing 

an example of the inventive solar cell; 

FIG. 5 is a cross sectional schematic view showing 

an example of the inventive solar cell; 

FIG. 6 is a flow diagram showing an example of the 

inventive method for producing a solar cell; 

FIG. 7 is a diagram showing the steps of forming 

electrodes of the back surface electrode-type solar cell 

according to the present invention; 

FIG. 8 is a diagram showing the steps of forming 

electrodes of the back surface electrode-type solar cell 

according to the present invention; 

FIG. 9 is a top schematic view showing an example of 

the inventive solar cell; 

FIG. 10 is a top schematic view showing an example 

of the inventive solar cell; 

FIG. 11 is a graph showing values of series 

resistances of solar cells in Example 1 to 8 and 

Comparative Example 1; 

FIG. 12 is a graph showing values of fill factors of 

solar cells in Example 1 to 8 and Comparative Example 1; 

FIG. 13 is a graph showing values of open-circuit 

voltages of solar cells in Example 1 to 8 and Comparative 

Example 1; 

FIG. 14 is a graph showing values of conversion 

efficiencies of solar cells in Example 1 to 8 and 

Comparative Example 1; 

FIG. 15 is a cross sectional view schematically 

showing a previous back surface electrode-type solar cell; 

FIG. 16 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell disclosed in Patent Literature 

1; 
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FIG. 17 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell disclosed in Patent Literature 

2; 

FIG. 18 is a top view schematically showing the 

appearance of the backside of the back surface electrode-

type solar cell in which the positions of the bus bar 

electrodes were changed; 

FIG. 19 is a top view schematically showing the 

appearance of the backside of the previous back surface 

electrode-type solar cell; 

FIG. 20 is a diagram showing the steps of forming 

electrodes of a back surface electrode-type solar cell 

investigated by the present inventors; 

FIG. 21 is a diagram showing the steps of forming 

electrodes of a back surface electrode-type solar cell 

investigated by the present inventors. 

DESCRIPTION OF EMBODIMENTS 

[0037] 

Hereinafter, the present invention will be described 

more specifically. 

As described above, it has been demanded for a back 

surface electrode-type solar cell with low wiring 

resistance and high conversion efficiency, and a method 

for producing a solar cell which can produce such a back 

surface electrode-type solar cell at low cost. 

[0038] 

The inventors have found that the insulation regions 

in the present invention provided with insulator films 

makes it possible to shorten the distance from the end of 

a finger electrode to the nearest bus bar electrode, and 

to decrease wiring resistance of the finger electrode. 
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[0039] 

On the other hand, in view of improving an 

efficiency of a solar cell, it is desirable to decrease 

the contact area other than shortening of the foregoing 

distance. 

[0040] 

For example, the contact area may be decreased by 

forming only contact electrodes each having narrow line 

width and bus bar electrodes as shown in FIG. 20. In this 

case, however, the cross-section of the finger becomes 

small, and the wiring resistance becomes large thereby. 

[0041] 

It is also possible to form contact electrodes 

discontinuously in dot shapes, to form another wiring 

electrodes connecting these contact electrodes, and then 

to form bus bar electrodes as shown in FIG. 21. In this 

case, the increase of wiring resistance described above 

can be avoided, but the number of steps increases, and the 

cost becomes higher. 

[0042] 

The present inventors have further investigated to 

solve the foregoing subject and found that by forming 

finger electrodes on contact electrodes, it is possible to 

enlarge the cross-sections of the finger electrodes while 

decreasing the contact area to make the wiring resistance 

small. The present inventors have also found that a solar 

cell with low wiring resistance can be produced at low 

cost without increasing the number of steps by a light 

alteration of shapes of the electrodes, that is by forming 

the electrode portion continuously in a line shape under 

the insulator film; thereby completing the solar cell and 

the method for producing a solar cell according to the 

present invention. 
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[0043] 

Hereinafter, the inventive solar cell will be 

specifically described with referring to figures, but the 

present invention is not limited thereto. It is to be 

noted that the following explanation mainly describes a 

case in which the semiconductor substrate of a first 

conductivity type is an N-type silicon substrate. However, 

even when the semiconductor substrate of a first 

conductivity type is a P-type silicon substrate, it only 

need to use an impurity source such as boron, phosphorous, 

etc. inversely, and does not involve any problem. 

[0044] 

[Solar cell (back surface electrode-type solar cell)] 

FIG. 1 is a top schematic view showing an example of 

the inventive solar cell. FIGs. 2 and 3 are magnified 

views each showing an enlarged part of the inventive solar 

cell. FIGs. 4 and 5 are cross sectional schematic views 

each showing an example of the inventive solar cell. 

Incidentally, FIG. 4 is a cross sectional view with 

respect to the 1-1' in FIG. 1. FIG. 5 is a cross 

sectional view with respect to the 2-2' in FIG. 1. 

[0045] 

As shown in FIGs. 4 and 5, the inventive solar cell 

is a solar cell in which a first conductivity type 

diffusion layer 20 and a second conductivity type 

diffusion layer 21 are formed on a backside of a light-

receiving surface (hereinafter, also referred to as a 

backside simply) of a semiconductor substrate 13 of the 

first conductivity type, so-called a back surface 

electrode-type solar cell. It is further provided with a 

first electrode portion 26 joined to the first 

conductivity type diffusion layer 20, and a second 

electrode portion 27 joined to the second conductivity 
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type diffusion layer as shown in FIGs. 4 and 5. 

[0046] 

As shown in FIGs. 1 to 3, the inventive solar cell 

10 is provided with a first electrode line portion 35 

formed on the first electrode portion 26, a second 

electrode line portion 36 formed on the second electrode 

portion 27, a first electrode bus bar portion 37 connected 

with the first electrode line portion 35, and a second 

electrode bus bar portion 38 connected with the second 

electrode line portion 36. 

[0047] 

As shown in FIGs. 4 and 5, it is possible to form a 

rugged shape 14 on the light-receiving surface side of the 

semiconductor substrate 13 of a first conductivity type, 

and to form an FSF layer (N-type diffusion layer) 15 

thereon. Over the rugged shape 14, it is possible to form 

an antireflective film 16 which contains silicon nitride, 

etc. A dielectric passivation layer (not shown in the 

figures) can be formed between the FSF layer 15 and the 

antireflective film 16. 

[0048] 

On the backside of the semiconductor substrate 13 of 

a first conductivity type, an oxide layer (a first 

backside passivation film) 19 can be formed. It is also 

possible to form a second backside passivation film 18 on 

the oxide layer 19. It is preferable that each of the 

light-receiving surface and the backside be covered with a 

protective layer (a passivation film). The passivation 

film is preferably composed of one or more materials 

selected from a silicon oxide film, a silicon nitride film, 

and an aluminum oxide film. 

[0049] 

In the inventive solar cell 10, the first insulator 
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film 24 is formed so as to cover the side portion and the 

top of the second electrode portion 27 at least in an 

intersection region of the second electrode portion 27 and 

the first electrode bus bar portion 37 as shown in FIGs. 4 

and 5. Similarly, the second insulator film 25 is formed 

so as to cover a side portion and a top of the first 

electrode portion 26 at least in an intersection region of 

the first electrode portion 26 and the second electrode 

bus bar portion 38. 

[0050] 

As shown in FIG. 5, the first electrode bus bar 

portion 37 can be connected with the first electrode 

portion 26. As shown in FIG. 4, the second electrode bus 

bar portion 38 can be connected with the second electrode 

portion 27. 

[0051] 

As shown in FIGs. 1 to 3, the second electrode 

portion 27 is formed continuously in a line shape under 

the first insulator film 24. The first electrode portion 

26 is formed continuously in a line shape under the second 

insulator film 25. 

[0052] 

In such a solar cell, it is possible to form a 

three-dimensional structure of the bus bar electrodes and 

the finger electrodes by installing the insulator films in• 

insulation regions. This makes it possible to increase 

the number of bus bar electrodes and to shorten the length 

of the finger electrodes. Accordingly, it is possible to 

prevent raising of wiring resistance due to the long 

distance from the end of the finger electrodes to the 

nearest bus bar electrode, which is a main reason for 

lowering of power of the previous large area-back surface 

electrode-type solar cell. As a result, it can be a solar 
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cell with high conversion efficiency. For example, when 4 

pairs (8 pieces) of bus bar electrodes are installed, the 

wiring resistance can be decreased to one eighth compared 

to the previous solar cell which is provided with one pair 

of bus bar electrodes at the edge of the substrate. 

[0053] 

In the inventive solar cell, the electrode portion 

directly bonded to the substrate is formed continuously in 

a line shape under the insulator film. Accordingly, the 

production thereof does not need to be provided with a 

step of forming wiring electrodes 29 as shown in FIG. 21. 

Therefore, the number of production step can be decreased. 

As a result, it can be a solar cell with low price and 

high conversion efficiency. 

[0054] 

Hereinafter, each component of the inventive solar 

cell will be specifically described. 

[0055] 

[Semiconductor substrate of first conductivity type] 

The semiconductor substrate that can be used in the 

present invention is not particularly limited. For 

example, an N-type silicon substrate can be used. In this 

case, the thickness of the substrate can be a thickness of 

100 to 200 pm, for example. The shape and the area of the 

main surface of the substrate are not particularly limited. 

[0056] 

[Electrode portion] 

As a material for the first electrode portion 26 and 

the second electrode portion 27, it is possible to use a 

fluidal paste in which silver powder and glass frit are 

mixed with an organic binder (hereinafter, referred to as 

a sintered paste). 

[0057] 
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As described above, the electrode portion directly 

bonded to the substrate itself has to be formed 

continuously in a line shape under the insulator film, but 

in the other part, the shape of the electrode portion is 

not particularly limited. For example, it is preferable 

that the first electrode portion have a dot shape, a line 

shape, or a combination thereof in a part where the second 

insulator film is not formed, and the second electrode 

portion have a dot shape, a line shape, or a combination 

thereof in a part where the first insulator film is not 

formed. For example, if the shape of the electrode 

portion at the part is in a dot shape as shown in FIG. 3, 

the contact area can be made smaller. This makes it 

possible to enlarge the passivation region, and to 

increase the open-circuit voltage thereby. 

[0058] 

It is to be noted that even if the electrode portion 

in a part where the insulator film is not formed has a 

line shape as shown in FIG. 2, it is possible to enlarge 

the cross-section (thickness) of the finger electrodes and 

to make a solar cell with low wiring resistance in the 

present invention, since the electrode line portion is 

formed on the electrode portion. 

[0059] 

It is preferable that the first electrode portion 

formed under the second insulator film have a length 

larger than a length of the second insulator film, and 

have a width narrower than a width of the second insulator 

film. It is also preferable that the second electrode 

portion formed under the first insulator film have a 

length larger than a length of the first insulator film, 

and have a width narrower than a width of the first 

insulator film. When the length of the first electrode 
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portion under the second insulator film is larger than the 

length of the second insulator film, or the width of the 

first electrode portion is narrower than the width of the 

second insulator film, it is possible to fully separate 

the second electrode bus bar portion and the first 

electrode portion. It is also possible to cover the side 

of the electrode with the insulator film. Accordingly, 

insulation between the second electrode bus bar portion 

and the first electrode portion can be securely achieved. 

[0060] 

Herein, the electrode portion formed under the 

insulator film means an electrode portion formed 

continuously in a line shape under the insulator film, 

which includes a part extended from just under the 

insulator film and protruded from just under the insulator 

film. The foregoing directions of the length of the 

electrode portion and the length of the insulator film as 

well as the direction of width of the electrode bus bar 

portion described below in the insulation region coincide 

with a direction along with the longitudinal direction of 

the corresponding diffusion layer. The foregoing 

directions of the width of the electrode portion and the 

width of the insulator film as well as the direction of 

the length of the electrode bus bar portion described 

below coincide with a direction along with the lateral 

direction of the corresponding diffusion layer. The 

length of the electrode bus bar portion in the insulation 

region can be the length of the convex part of the 

electrode bus bar portion shown in FIGs. 4 and 5. 

Incidentally, the direction of the length of the convex 

part is the longitudinal direction of the bus bar 

electrode. 

[0061] 
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[Insulator film] 

The insulator film is formed so as to cover the side 

portion and the top of the electrode portion in the 

insulation region. Herein, the insulation region in the 

present invention means at least a spot in which an 

electrode portion and an electrode bus bar portion 

intersect with each other. The insulation region is 

preferably larger than the area of this spot. The shape 

of the insulator film is not particularly limited, and can 

be a rectangle, for example. Each thickness of the first 

insulator film and the second insulator film is preferably 

1 to 60 pm, more preferably about 5 to 40 pm, much more 

preferably 10 to 30 pm. These thicknesses help to improve 

the insulation. Such insulator films, which are not 

formed excessively, a desired solar cell can be produced 

at lower cost. 

[0062] 

It is also preferable that the first insulator film 

be formed so as to cover the second conductivity type 

diffusion layer at least a part thereof being under the 

first electrode bus bar portion. It is also preferable 

that the second insulator film is formed so as to cover 

the first conductivity type diffusion layer at least a 

part thereof being under the second electrode bus bar 

portion. When the back surface layer of the substrate has 

a dielectric layer, it is desirable to form an insulator 

layer larger than the width of the diffusion layer as 

described above. When the insulator film is larger than 

the width of the diffusion layer, the first electrode bus 

bar portion does not touch to the second conductivity type 

diffusion layer, and accordingly, the first electrode bus 

bar portion and the second conductivity type diffusion 

layer are not electrically conducted via the dielectric 
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layer. 

[0063] 

These insulator films are preferably composed of a 

material which contains one or more resins selected from 

the group consisting of silicone resins, polyimide resins, 

polyarnide-imide resins, fluororesins, phenolic resins, 

melamine resins, urea resins, polyurethanes, epoxy resins, 

acrylic resins, polyester resins, and poval resins. 

Particularly, when a heat treatment is performed in 

forming the electrode line portion and the electrode bus 

bar portion, it is preferable to select a heat resistant 

resin. For example, siloxane bond, which is a main chain 

of a silicone resin, has large bond energy and is stable, 

thereby having superior heat resistance and weatherability 

compared to organic polymer materials with a main chain 

composed of carbon backbone. Other resins become 

materials with high heat resistance by introducing an 

aromatic ring into the molecular chain. 

[0064] 

[Electrode line portion, Electrode bus bar portion] 

The electrode line portion and the electrode bus bar 

portion are preferably composed of a material which at 

least contains one or more kinds of conductive materials 

selected from the group consisting of Ag, Cu, Au, Al, Zn, 

In, Sn, Bi, and Pb, and one or more kinds of resins 

selected from the group consisting of epoxy resins, 

acrylic resins, polyester resins, phenolic resins, and 

silicone resins (hereinafter, also referred to as 

thermosetting paste). These electrode portion composed of 

such an electrode material do not have to contain glass 

frit, and accordingly, the electrode material does not 

directly touch to the semiconductor substrate such as a 

silicon substrate in heating, and increase of contact area 
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can be suppressed. 

[0065] 

The number of first electrode bus bar portion and 

the second electrode bus bar portion is not particularly 

limited, but it is preferable that the total number be 4 

or more and 10 or less. This makes it possible to 

decrease the wiring resistance of the finger electrode, 

and to improve the conversion efficiency. Incidentally, 

the shapes of the electrode line portion and the electrode 

bus bar portion is not particularly limited. For example, 

the electrode line portion can have a continuous line 

shape except for the insulation region. It is to be noted 

that the shape of the contact electrode under the 

insulator film is a line shape. The electrode bus bar 

portion can have a continuous line shape. As shown in FIG. 

1, the electrode line portion and the electrode bus bar 

portion can be formed so as to meet at a right angle. 

[0066] 

It is preferable that the second electrode portion 

has a length of 0.35 to 5.0 mm, the first insulator film 

has a length of 0.32 to 4.0 mm, and the first electrode 

bus bar portion has a width of 0.30 to 3.0 mm in the 

intersection region of the second electrode portion and 

the first electrode bus bar portion. 

[0067] 

It is also preferable that the first electrode 

portion has a length of 0.35 to 5.0 mm, the second 

insulator film has a length of 0.32 to 4.0 mm, and the 

second electrode bus bar portion has a width of 0.30 to 

3.0 mm in the intersection region of the first electrode 

portion and the second electrode bus bar portion. 

[0068] 

Each length of the first insulator film and the 
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second insulator film is more preferably 0.32 to 3.0 mm. 

A solar cell having such an insulator film can further 

prevent the contact between the electrode portion and the 

electrode bus bar portion for different conductivity type. 

[0069] 

It is preferable that the first electrode bus bar 

portion has a length of 0.3 mm or more, the first 

insulator film has a width of 0.03 to 1.5 mm, and the 

second electrode portion has a width of 0.02 to 0.20 mm in 

the intersection region of the second electrode portion 

and the first electrode bus bar portion. The upper limit 

of the length of the first electrode bus bar portion is 

not particularly limited, but it can be 2 mm, for example. 

[0070] 

It is also preferable that the second electrode bus 

bar portion has a length of 0.3 mm or more, the second 

insulator film has a width of 0.03 to 1.5 mm, and the 

first electrode portion has a width of 0.02 to 0.20 mm in 

the intersection region of the first electrode portion and 

the second electrode bus bar portion. The upper limit of 

the length of the second electrode bus bar portion is not 

particularly limited, but it can be 2 mm, for example. 

[0071] 

Such a solar cell can have the ratio of the area of 

the electrode to the area of the substrate within a 

desired range. This makes it possible to enlarge the 

passivation region, and to increase the open-circuit 

voltage, for example. 

[0072] 

[Method for producing solar cell] 

The inventive method for producing a solar cell is a 

method for producing a solar cell in which a first 

conductivity type diffusion layer and a second 
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conductivity type diffusion layer are formed on a backside 

of a light-receiving surface of the semiconductor 

substrate of the first conductivity type comprising at 

least the following steps. 

[0073] 

First, the first conductivity type diffusion layer 

and a first electrode portion which is joined to the first 

conductivity type diffusion layer, as well as the second 

conductivity type diffusion layer and a second electrode 

portion which is joined to the second conductivity type 

diffusion layer are formed on the backside of the light-

receiving surface (a step of forming electrode portions). 

In this step of the present invention, the second 

electrode portion is formed continuously in a line shape 

under the first insulator film in this step. The first 

electrode portion is also formed continuously in a line 

shape under the second insulator film. 

[0074] 

Then, the first insulator film is formed so as to 

cover a side portion and a top of the second electrode 

portion, and the second insulator film is formed so as to 

cover a side portion and a top of the first electrode 

portion (a step of forming insulator films). In this step 

of the present invention, the first insulator film is 

formed at least in an intersection region of the second 

electrode portion and the first electrode bus bar portion. 

Similarly, the second insulator film is formed at least in 

an intersection region of the first electrode portion and 

the second electrode bus bar portion. 

[0075] 

Subsequently, the first electrode line portion is 

formed on the first electrode portion, and the first 

electrode bus bar portion is formed so as to connect to 
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the first electrode line portion. The second electrode 

line portion is formed on the second electrode portion, 

and the second electrode bus bar portion is formed so as 

to connect to the second electrode line portion (a step 

for forming electrode line portions and electrode bus bar 

portions). In this step of the present invention, each 

electrode line portion and each electrode bus bar portion 

(finger electrodes and bus bar electrodes) are formed 

simultaneously. 

[0076] 

Such a method for producing a solar cell is 

excellent in productivity, and can produce a back surface 

electrode-type solar cell with high efficiency at low cost. 

It is to be noted that the step of forming electrodes can 

be performed by previously forming the first conductivity 

type diffusion layer and the second conductivity type 

diffusion layer successively, and then forming the first 

electrode portion and the second electrode portion 

successively as shown in FIG. 6 (a) to (j) described 

below; or can be performed by forming all of these 

diffusion layers and electrode portions simultaneously. 

[0077] 

Hereinafter, the inventive method for producing a 

solar cell is specifically described with referring to 

figures, but the present invention is not limited thereto. 

[0078] 

FIG. 6 is a flow diagram showing an example of the 

inventive method for producing a solar cell. Hereinafter, 

an example of the inventive method for producing a back 

surface electrode-type solar cell is described with 

referring to schematic cross sectional view shown in FIG. 

6. Particularly, it will be described with illustrating a 

case of an N-type silicon substrate. 
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[0079] 

[Step for forming electrodes] 

First, a texture mask 31 such as a silicon nitride 

film is formed on a backside (hereinafter, referred to as 

"a backside of an N-type silicon substrate"), which is a 

backside of a face to be a light-receiving surface of an 

N-type silicon substrate 13 (hereinafter, referred to as 

"a light-receiving surface of an N-type silicon 

substrate") with a thickness of 100 to 200 pm by a CVD 

method or a sputter method as shown in FIG. 6 (a). 

[0080] 

Subsequently, a rugged shape 14, which is a texture 

structure, is formed on the light-receiving surface of the 

N-type silicon substrate 13 by etching as shown 

(b). The etching is performed, for example, by 

solution in which isopropyl alcohol is added to 

alkaline solution including sodium hydroxide or 

hydroxide and heated to 60°C or more and 80°C 

[0081] 

in FIG. 6 

use of a 

an aqueous 

potassium 

less. 

Then, the next step will be described by use of FIG. 

6 (c). After removing the texture mask 31 formed on the 

backside of the N-type silicon substrate 13, diffusion 

masks 32 and 33 such as silicon oxide films are formed on 

the light-receiving surface and the backside of the N-type 

silicon substrate 13 as shown in FIG. 6 (c). To a portion 

where the N-type diffusion layer will be formed, etching 

paste is applied by a screen printing method and so on to 

remove the diffusion mask 32 at the portion where the N-

type diffusion layer will be formed by heat treatment, 

thereby exposing the substrate. The etching paste after 

patterning treatment is subjected to ultrasonic cleaning 

and removed by acid treatment. This etching paste 

contains at least one etching component selected from the 
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group consisting of phosphoric acid, hydrofluoric acid, 

ammonium fluoride, and ammonium hydrogen fluoride, and 

contains water, an organic solvent and a thickener, for 

example. This treatment can be performed by using a 

photolithography method. 

[0082] 

Thereafter, to the exposed portion on the backside 

of the N-type silicon substrate 13, phosphor as an N-type 

impurity is diffused by vapor-phase diffusion using POC13  

to form an N-type diffusion layer 20. The N-type 

diffusion layer can be formed by spin coating of a 

solution in which an N-type impurity such as phosphoric 

acid is dissolved into alcohol or water, and performing 

thermal diffusion. 

[0083] 

Subsequently, as shown in FIG. 6 (d), hydrofluoric 

acid treatment is performed to remove the diffusion mask 

32 and the diffusion mask 33 formed on the N-type silicon 

substrate 13, as well as glass layers formed by diffusion 

of phosphorous into the diffusion masks 32 and 33, and 

then thermal oxidation is performed in an oxygen or a 

steam atmosphere to form a silicon oxide film 34. 

[0084] 

Next, as shown in FIG. 6 (e), to a portion where a 

P-type diffusion layer will be formed on the backside of 

the N-type silicon substrate 13, etching paste is applied 

by a screen printing method and so on to remove the 

diffusion mask 34 at the portion where the P-type 

diffusion layer will be formed by heat treatment, thereby 

exposing the substrate. The etching paste after 

patterning treatment is subjected to ultrasonic cleaning 

and removed by acid treatment. This etching paste 

contains at least one etching component selected from the 
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group consisting of phosphoric acid, hydrofluoric acid, 

ammonium fluoride, and ammonium hydrogen fluoride, and 

contains water, an organic solvent and a thickener, for 

example. 

[0085] 

As shown in FIG. 6 (f), the backside of the N-type 

silicon substrate 13 is spin coated with a solution in 

which a P-type impurity source such as boric acid is 

dissolved in alcohol or water, and after drying, subjected 

to heat treatment to diffuse boron as a P-type impurity 

into the exposed portion on the backside of the N-type 

silicon substrate 13, thereby forming a P-type diffusion 

layer 21. In this case, the P-type diffusion layer 21 can 

also be formed by a vapor-phase diffusion method using 

BBr3, etc. 

[0086] 

Then, the next step is described using FIG. 6 (g). 

As shown in FIG. 6 (g), hydrofluoric acid treatment is 

performed to remove the silicon oxide film 34 formed on 

the N-type silicon substrate 13, and a glass layer formed 

by diffusion of boron into the silicon oxide film 34. 

Subsequently, on the backside of the N-type silicon 

substrate 13, a first backside passivation film 19 that 

doubles as a diffusion mask such as a silicon oxide film 

is formed by a CVD method or by applying SOG (spin on 

glass) and baking. 

[0087] 

Subsequently, on the light-receiving surface of the 

N-type silicon substrate 13, an n-  layer (an FSF layer 15), 

which is a light-receiving surface diffusion layer, can be 

formed by a method of spin coating of a solution in which 

N-type impurity such as phosphoric acid is dissolved in 

alcohol or water followed by thermal diffusion, or by a 
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vapor-diffusion method using POC13. 

[0088] 

On the backside of the N-type silicon substrate 13, 

a second backside passivation film 18 such as a nitride 

film is formed by CVD or a sputtering method as shown in 

FIG. 6 (i). The nitride film may also be formed on the 

front face as an antireflective film 16 by CVD or a 

sputtering method. 

[0089] 

Then, as shown in FIG. 6 (j), electrodes are formed 

on the N-type diffusion layer 20 and the P-type diffusion 

layer 21 formed on the backside of the N-type silicon 

substrate 13. 

[0090] 

FIGs. 7 and 8 are diagrams showing the steps of 

forming electrodes of the back surface electrode-type 

solar cell according to the present invention. As shown 

in FIGs. 7 and 8, the first electrode portion 26 and the 

second electrode portion 27 are electrodes to form contact 

with the silicon substrate. Each electrode pattern of 

these electrode portions has to be a continuous pattern in 

a line shape at least in a region where the second 

electrode portion 27 and the first electrode bus bar 

portion 37 intersect, and in a region where the first 

electrode portion 26 and the second electrode bus bar 

portion 38 intersect. In other portions, it may be a 

discontinuous shape such as ellipses, rectangles, and dots, 

or may be a line shape. These shapes can coexist therein. 

By forming the electrode portions in line shapes in these 

regions, it is possible to collect current generated on 

the diffusion layer having the second conductivity type 

under the first electrode bus bar portion 37, for example, 

even though the electrode portion has any shape at other 
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regions. 

[0091] 

It is desirable that the ratio of each area of the 

first electrode portion and the second electrode portion 

based on the area of the substrate be about 1 to 6%. For 

example, when the distance between the finger electrodes 

is 1.5 mm pitch, the line width will be 14 to 90 pm. This 

is because a back surface electrode (an electrode portion) 

with smaller contact area can increase the passivation 

region, which allows to increase the open-circuit voltage. 

[0092] 

It is to be noted that the width, the length, and 

the relative sizes of the electrode portions, the 

insulator films, the electrode line portions, and the 

electrode bus bar portions can be values described in the 

term of a solar cell. The material of the electrode 

portions, the insulator films, the electrode line portions, 

and the electrode bus bar portions can be the same kinds 

described above. 

[0093] 

This electrode portion can be formed by screen 

printing, for example, using a screen plate having an 

opening with a pattern in a line shape and so on as 

described above. It can be formed by other procedures 

using offset printing, inkjet printing, a dispenser, a 

deposition method, etc. 

[0094] 

A specific method for forming electrode portion etc. 

will be described with referring to FIG. 6 (j), FIG. 7, 

and FIG. 8. First, sintering paste is formed on the N-

type diffusion layer 20 or the P-type diffusion layer 21 

by the foregoing printing method using the foregoing 

sintering paste as a raw material of the electrode 
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portions. Then, the first electrode portion 26 or the 

second electrode portion 27 can be formed by baking this 

sintering paste at a temperature of 700 to 800°C for 5 to 

30 minutes (FIG. 7 (1), FIG. 8 (1)). When sintering paste 

containing glass frit is used as described above, the 

glass frit melts, while the second backside passivation 

film 18 and the first backside passivation film 19 melt in 

baking, and accordingly, the electrodes are adhered to the 

substrate itself so as to directly bonded thereto with 

penetrating these films. It is to be noted that an n+  

electrode and a p+  electrode (the first electrode portion, 

the second electrode portion) can be simultaneously 

printed and simultaneously baked. It is also possible to 

perform the printing and the baking successively. 

[0095] 

[Step for forming insulator film] 

Then, formation of the insulator films 24 and 25 

will be described. FIG. 6 (k) is a cross sectional view 

of a P-type bus bar electrode, and FIG. 6 (1) is a cross 

sectional view of an N-type bus bar electrode. They show 

cross sectional views at 1-1' and 2-2' in FIG. 1, 

respectively. 

[0096] 

As described above, the first insulator film is 

formed at least in an intersection region of the second 

electrode portion and the first electrode bus bar portion. 

Similarly, the second insulator film is formed at least in 

an intersection region of the first electrode portion and 

the second electrode bus bar portion. 

[0097] 

As a material for the insulator film, it is possible 

to use the foregoing material which contains a resin such 

as a silicone resin. To form this material on a solar 
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cell substrate, it is possible to use paste in which 

solvent is added to give fluidity (insulation paste). 

When it has fluidity, offset printing, screen printing, a 

dispenser, etc. can be used. 

[0098] 

For example, in order to form a pattern of insulator 

films as shown in FIGs. 7 and 8, it is possible to use a 

screen plate having an opening with the same shape as this 

pattern. Using this screen plate, the insulator films can 

be formed by screen printing to apply the insulator paste 

onto a prescribed position on the N-type silicon substrate 

13, and by performing heat treatment at 350°C or less for 

5 to 30 minutes to cure the insulator paste (FIG. 7 (2), 

FIG. 8 (2)). The insulator films may also be formed at 

desired positions by a method in which the insulator film 

is formed on the entire surface and then subjected to 

etching treatment and patterning treatment using 

photolithography. 

[0099] 

[Step of forming electrode line portion and electrode bus 

bar portion] 

Then, a method for forming the first electrode line 

portion 35, the second electrode line portion 36, the 

first electrode bus bar portion 37, and the second 

electrode bus bar portion 38 will be described. 

[0100] 

As described above, in the method as shown in FIG. 

20, the line width of the contact electrode becomes narrow, 

and accordingly, the wiring resistance becomes large. The 

method as shown in FIG. 21 increases the steps and raises 

the cost. 

[0101] 

Accordingly, in the present invention, not only bus 
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bar electrodes but also finger electrodes are formed 

simultaneously in this step (FIG. 7 (3), FIG. 8 (3)). 

This can decrease the wiring resistance while decreasing 

the number of steps. 

[0102] 

.As shown in FIGs. 7 and 8, the second electrode line 

.portion 36 intersects the second electrode bus bar portion 

38 and is connected thereto, the first electrode line 

portion 35 intersects the first electrode bus bar portion 

37 and is connected thereto. On the other hand, the 

second electrode bus bar portion 38 and the first 

electrode line portion 35 are separated in common with the 

first electrode bus bar portion 37 and the second 

electrode line portion 36, for different conductivity type 

from each other. In the present invention, this separated 

spot contains the first electrode portion or the second 

electrode portion, and accordingly, the first electrode 

portion under the second electrode bus bar portion 38 is 

connected without electrical breaking. On the other hand, 

the second electrode portion under the first electrode bus 

bar portion 37 is also connected without electrical 

breaking. 

[0103] 

As described above, in the previous solar cell 

provided with a pair of bus bar on the periphery of the 

substrate (FIG. 19), the length of the contact electrode 

becomes L based on the length L of the substrate, thereby 

increasing the wiring resistance. On the other hand, in 

the present invention, it is possible to install insulator 

films in the insulation regions to form three-dimensional 

structure of the bus bar electrodes and the finger 

electrodes, and accordingly, it is possible to form a bus 

bar electrode at a desired position. FIGs. 9 and 10 are 
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top schematic views showing an example of the inventive 

solar cell. For example, in a pattern to collect current 

from the finger electrodes at the both sides of the bus 

bar electrode as shown in FIG. 9, the length of the finger 

electrode becomes L/2, and the wiring resistance becomes 

half. 

[0104] 

In the present invention, it is also possible to 

install plural bus bar electrodes to shorten the finger 

length in order to decrease the wiring resistance. For 

example, the length of the finger electrodes becomes 

smaller such as L/4 when 2 pairs of bus bar are installed 

(FIG. 1), L/6 when it is 3 pairs (FIG. 10), and L/8 when 

it is 4 pairs. 

[0105] 

In this case, the top of the electrode bus bar 

portion is soldered with Cu wiring coated with Pb-Sn and 

so on called tab wiring, and then, the solar cell is 

encapsulated between glass and encapsulant to be a module 

so as to maintain the power even when it is subjected to 

outdoor exposure. Accordingly, the electrode bus bar 

portion may be whether continuous or discontinuous as long 

as it has adhesiveness with tab wiring. 

[0106] 

As a material for the electrode line portion and the 

electrode bus bar portion, it is desirable to use the 

foregoing thermosetting paste. In order to give fluidity 

to this thermosetting paste, solvent can be added, for 

example. By adding solvent, patterning can be performed 

by screen printing or other printing methods. 

[0107] 

For example, thermosetting paste having solvent 

added thereto is applied to a prescribed position by 
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screen printing, and then dried, heated at 350°C or less 

for 5 to 30 minutes to be cured. In this method, the 

thermosetting paste does not contain glass frit unlike 

sintering paste of the raw material of the electrode 

portion. Accordingly, the electrode material (the 

thermosetting paste) does not directly bond to the silicon 

substrate in heating, and the increase of contact area is 

suppressed. It is also possible to use such thermosetting 

resin paste to connect the tub wiring and the bus bar 

portion followed by heat treatment. This makes it 

possible to adhere the tab wiring and the bus bar portion 

without soldering. 

EXAMPLES 

[0108] 

Hereinafter, the present invention will be described 

in more detail with reference to Examples and Comparative 

Examples, but the present invention is not limited to 

these Examples. 

[0109] 

(Examples and Comparative Examples) 

In order to confirm the validity of the present 

invention, the following steps were performed on 90 pieces 

of semiconductor substrates (10 pieces for each of 

Examples 1 to 8 and Comparative Example 1) to produce 90 

pieces of solar cells. 

[0110] 

As shown in FIG. 6, first, on the backside of an N-

type silicon substrate 13 of 15 cm square with a thickness 

of 200 pm, a silicon nitride film of 200 nm was formed by 

a CVD method to be a texture mask 31 (FIG. 6a). 

Subsequently, on the light-receiving surface of the N-type 

silicon substrate 13, texture structure (a rugged shape) 
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14 was formed with a solution in which isopropyl alcohol 

had been added to aqueous potassium hydroxide solution 

(FIG. 6b). 

[0111] 

Subsequently, the texture mask 31 formed on the 

backside of the N-type silicon substrate 13 was removed 

with hydrofluoric acid solution, and then silicon oxide 

films were formed on the light-receiving surface and the 

backside of the N-type silicon substrate 13 as diffusion 

masks 32 and 33 by thermal oxidation. To the portions to 

be formed an N-type diffusion layer, etching paste mainly 

composed of phosphoric acid was applied by screen printing. 

The diffusion mask 32 was removed at the portion to be 

formed an N-type diffusion layer by heat treatment to 

expose the substrate (FIG. 6c). The etching paste after 

the patterning treatment was subjected to ultrasonic 

cleaning and removed by acid treatment. Thereafter, to 

the exposed portion on the backside of the N-type silicon 

substrate 13, phosphor as an N-type impurity was diffused 

by vapor-phase diffusion using POC13  to form an N-type 

diffusion layer 20 (FIG. 6c). 

[0112] 

Subsequently, hydrofluoric acid treatment was 

performed to remove the diffusion mask 32 and the 

diffusion mask 33 formed on the N-type silicon substrate 

13, as well as glass layers formed by diffusion of 

phosphorous into the diffusion masks 32 and 33, and then 

thermal oxidation with oxygen was performed to form a 

silicon oxide film 34 (FIG. 6d). Then, the silicon oxide 

film 34 was removed at a portion to be formed a P-type 

diffusion layer 21 on the backside by etching (FIG. 6e). 

[0113] 

The backside of the N-type silicon substrate 13 was 
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spin coated with an aqueous solution containing boric acid, 

and after drying, subjected to heat treatment to diffuse 

boron as a P-type impurity into the exposed portion on the 

backside of the N-type silicon substrate 13, thereby 

forming a P-type diffusion layer 21 (FIG. 6f). 

[0114] 

Subsequently, as steps corresponding to FIGs. 6g to 

6i, hydrofluoric acid treatment was performed to remove 

the silicon oxide film 34 formed on the N-type silicon 

substrate 13, and a glass layer formed by diffusion of 

boron into the silicon oxide film 34, and then silicon 

nitride films were formed on the front surface and the 

backside as passivation films by a CVD method. The 

procedures to this step were performed in each of Examples 

1 to 8 and Comparative Example 1 as common steps. 

Afterward, formations of electrodes were performed. 

[0115] 

[Examples 1 to 4] 

In Examples 1 to 4, electrode portions, insulator 

films, electrode line portions, and electrode bus bar 

portions were each formed in a pattern shown in FIG. 7 

(FIGs. 6j to 61). 

[0116] 

First, electrode portions were formed in a pattern 

of line shapes each having a width of 100 pm. 

Specifically, conductive paste (sintering paste) composed 

of Ag particles, glass frit, binder, and solvent was 

applied onto prescribed portions on the diffusion layer by 

screen printing. This was dried, and baked at 700°C for 5 

minutes to form first electrode portions and second 

electrode portions. Then, insulator films each having a 

length of 3 mm and a width of 500 pm were formed on the 

insulation regions. As the raw material for the insulator 
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films, polyimide paste was used. This paste was applied 

onto prescribed parts by screen printing, and heated at 

150°C for 20 minutes to cure, thereby forming insulator 

films. 

[0117] 

Then, finger electrodes (electrode line portions) 

each having a width of 100 pm and bus bar electrodes 

(electrode bus bar potions) each having a width of 1.2 mm 

were formed simultaneously. As the raw material for the 

electrode line portions and the electrode bus bar portions, 

conductive paste (thermosetting paste) composed of Ag 

particles and thermosetting resin was used. This 

thermosetting paste was applied by screen printing, dried, 

and heated at 200°C for 30 minutes to cure, thereby 

forming the first electrode line portions, the second 

electrode line portions, the first electrode bus bar 

portions, and the second electrode bus bar portions 

simultaneously. 

[0118] 

The numbers of bus bar electrodes were 1 pair in 

Example 1 (FIG. 9), 2 pairs in Example 2 (FIG. 1), 3 pairs 

in Example 3 (FIG. 10), and 4 pairs in Example 4. As 

shown in FIG. 7, connected portions between the bus bar 

electrodes and the finger electrodes were separated 

alternately based on the difference of the conductivity. 

That is, while the first electrode line portions and the 

first electrode bus bar portions were connected, the first 

electrode line portions and the second electrode bus bar 

portions were separated. Similarly, while the second 

electrode line portions and the second electrode bus bar 

portions were connected, the second electrode line 

portions and the first electrode bus bar portions were 

separated. The electrode line portions and the electrode 
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portions with the same conductivity type were formed so as 

to connect with each other. 

[0119] 

[Examples 5 to 8] 

In Examples 5 to 8, electrode portions, insulator 

films, electrode line portions, and electrode bus bar 

portions were each formed in a pattern shown in FIG. 8 

(FIGs. 6j to 61). 

[0120] 

Electrode portions with a pattern shown in FIG. 8 

were formed. Each of this pattern has a diameter of 200 

pm arranged along the direction to which the diffusion 

layer extends in a pitch distance of 0.5 mm in portions 

where the insulator films are not formed. This pattern 

also has line shapes each having a length of 4 mm and a 

width of 100 pm in insulation regions only. The sintering 

paste was applied by screen printing, dried, and baked at 

700°C for 5 minutes to form this pattern. Subsequently, 

insulator films each having a length of 3 mm and a width 

of 500 pm were formed on the insulation regions. As the 

raw material for the insulator films, polyimide paste was 

used. This paste was applied onto prescribed spots by 

screen printing, and heated at 150°C for 20 minutes to 

cure, thereby forming insulator films. 

[0121] 

Then, electrode line portions each having a width of 

100 pm and electrode bus bar potions each having a width 

of 1.2 mm were formed simultaneously. The thermosetting 

paste was applied by screen printing, dried, and heated at 

200°C for 30 minutes to cure, thereby forming the 

electrode line portions and the electrode bus bar portions 

simultaneously. 

[0122] 
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The numbers of bus bar electrodes were 1 pair in 

Example 5, 2 pairs in Example 6, 3 pairs in Example 7, and 

4 pairs in Example 8. As shown in FIG. 8, connected 

portions between the bus bar electrodes and the finger 

electrodes were separated alternately based on the 

difference of the conductivity. 

[0123] 

[Comparative Example 1] 

In Comparative Example 1, only contact electrodes 

and bus bar electrodes were formed. The shapes of these 

electrodes had a pattern which is provided with a pair of 

bus bar electrodes each having a width of 1.2 mm at the 

edge of the substrate, and contact electrodes each having 

a width of 100 pm extended from each bus bar electrode and 

installed along the direction to which the diffusion layer 

extends (FIG. 19). The sintering paste was applied onto 

the prescribed positions by screen printing, dried, and 

baked at 700°C for 5 minutes. 

[0124] 

The 90 pieces of solar cells thus produced was 

evaluated by using a solar simulator (in an atmosphere of 

25°C, light intensity 1 kW/m2, spectrum AM1.5 global). The 

averaged results are shown in FIGs. 11 to 14. 

[0125] 

FIG.s 11 to 14 are graphs showing the experimental 

results of Example 1 to 8 and Comparative Example 1. FIG. 

11 shows values of series resistances. FIG. 12 shows 

values of fill factors. FIG. 13 shows values of open-

circuit voltages. FIG. 14 shows values of conversion 

efficiencies. As shown in FIGs. 11 to 14, the previous 

method (Comparative Example 1) showed high series 

resistance and lower fill factor due to the wiring 

resistance. On the other hand, Example 1 could have 
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decreased contact area and enlarged cross section of the 

finger electrode by the three-dimensional structure of the 

bus bar electrodes and the finger electrodes to form 

finger electrodes over the contact electrodes. As a 

result, the wiring resistance was decreased, the fill 

factor was increased, and the conversion efficiency was 

improved. As shown in Examples 2 to 4, increases of the 

number of bus bar electrodes further improved the 

conversion efficiencies, etc. As shown in Examples 5 to 8, 

the electrode portions in dot shapes, which further 

decreased the contact area, could further improve the 

open-circuit voltages and the conversion efficiencies. 

[0126] 

It is to be noted that the present invention is not 

limited to the foregoing embodiment. The embodiment is 

just an exemplification, and any examples that have 

substantially the same feature and demonstrate the same 

functions and effects as those in the technical concept 

described in claims of the present invention are included 

in the technical scope of the present invention. 
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CLAIMS 

1. 	A solar cell comprising: 

a semiconductor substrate of a first conductivity 

type having a first conductivity type diffusion layer and 

a second conductivity type diffusion layer which are 

formed on a backside of a light-receiving surface of the 

semiconductor substrate, 

a first electrode portion joined to the first 

conductivity type diffusion layer, and a second electrode 

portion joined to the second conductivity type diffusion 

layer, 

a first electrode line portion formed on the first 

electrode portion, 

a second electrode line portion formed on the second 

electrode portion, 

a first electrode bus bar portion connected with the 

first electrode line portion, and 

a second electrode bus bar portion connected with 

the second electrode line portion; 

a first insulator film which is formed so as to 

cover a side portion and a top of the second electrode 

portion at least in an intersection region of the second 

electrode portion and the first electrode bus bar portion, 

a second insulator film which is formed so as to 

cover a side portion and a top of the first electrode 

portion at least in an intersection region of the first 

electrode portion and the second electrode bus bar portion, 

wherein 

the second electrode portion is formed continuously 

in a line shape under the first insulator film, and 

the first electrode portion is formed continuously 

in a line shape under the second insulator film. 
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2. The solar cell according to claim 1, wherein 

the first electrode portion has a dot shape, a line 

shape, or a combination thereof in a part where the second 

insulator film is not formed; and the second electrode 

portion has a dot shape, a line shape, or a combination 

thereof in a part where the first insulator film is not 

formed; 

the first electrode portion formed under the second 

insulator film has a length larger than a length of the 

second insulator film, and has a width narrower than a 

width of the second insulator film; and 

the second electrode portion formed under the first 

insulator film has a length larger than a length of the 

first insulator film, and has a width narrower than a 

width of the first insulator film. 

3. The solar cell according to claim 1 or 2, wherein 

the first insulator film is formed so as to cover 

the second conductivity type diffusion layer at least in a 

region under the first electrode bus bar portion, and 

the second insulator film is formed so as to cover 

the first conductivity type diffusion layer at least in a 

region under the second electrode bus bar portion. 

4. The solar cell according to any one of claims 1 to 3 

wherein the total number of the first electrode bus bar 

portion and the second electrode bus bar portion is 4 or 

more and 10 or less. 

5. The solar cell according to any one of claims 1 to 4, 

wherein the first insulator film and the second insulator 

film are each composed of a material which at least 
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contains one or more resins selected from the group 

consisting of silicone resins, polyimide resins, 

polyamide-imide resins, fluororesins, phenolic resins, 

melamine resins, urea resins, polyurethanes, epoxy resins, 

acrylic resins, polyester resins, and poval resins. 

6. The solar cell according to any one of claims 1 to 5, 

wherein 

the second electrode portion has a length of 0.35 to 

5.0 mm, the first insulator film has a length of 0.32 to 

4.0 mm, and the first electrode bus bar portion has a 

width of 0.30 to 3.0 mm in the intersection region of the 

second electrode portion and the first electrode bus bar 

portion; 

the first electrode portion has a length of 0.35 to 

5.0 mm, the second insulator film has a length of 0.32 to 

4.0 mm, and the second electrode bus bar portion has a 

width of 0.30 to 3.0 mm in the intersection region of the 

first electrode portion and the second electrode bus bar 

portion. 

7. The solar cell according to any one of claims 1 to 6, 

wherein 

the first electrode bus bar portion has a length of 

0.3 mm or more, the first insulator film has a width of 

0.03 to 1.5 mm, and the second electrode portion has a 

width of 0.02 to 0.20 mm in the intersection region of the 

second electrode portion and the first electrode bus bar 

portion; 

the second electrode bus bar portion has a length of 

0.3 mm or more, the second insulator film has a width of 

0.03 to 1.5 mm, and the first electrode portion has a 

width of 0.02 to 0.20 mm in the intersection region of the 
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first electrode portion and the second electrode bus bar 

portion. 

8. The solar cell according to any one of claims 1 to 7, 

wherein the first insulator film and the second insulator 

film each have a thickness of 1 to 60 pm. 

9. The solar cell according to any one of claims 1 to 8, 

wherein the first electrode line portion, the second 

electrode line portion, the first electrode bus bar 

portion, and the second electrode bus bar portion are each 

composed of a material which at least contains one or more 

kinds of conductive materials selected from the group 

consisting of Ag, Cu, Au, Al, Zn, In, Sn, Bi, and Pb, and 

one or more kinds of resins selected from the group 

consisting of epoxy resins, acrylic resins, polyester 

resins, phenolic resins, and silicone resins. 

10. A method for producing a solar cell including a 

semiconductor substrate of a first conductivity type 

having a first conductivity type diffusion layer and a 

second conductivity type diffusion layer which are formed 

on a backside of a light-receiving• surface of the 

semiconductor substrate, comprising the steps of: 

forming the first conductivity type diffusion layer 

and a first electrode portion which is joined to the first 

conductivity type diffusion layer, as well as the second 

conductivity type diffusion layer and a second electrode 

portion which is joined to the second conductivity type 

diffusion layer, on the backside of the light-receiving 

surface; 

forming a first insulator film so as to cover a side 

portion and a top of the second electrode portion, and 
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forming a second insulator film so as to cover a side 

portion and a top of the first electrode portion; 

forming a first electrode line portion on the first 

electrode portion and forming a first electrode bus bar 

portion so as to connect to the first electrode line 

portion, simultaneously with forming a second electrode 

line portion on the second electrode portion and forming a 

second electrode bus bar portion so as to connect to the 

second electrode line portion; wherein 

the second electrode portion is formed continuously 

in a line shape under the first insulator film, and the 

first electrode portion is formed continuously in a line 

shape under the second insulator film in the step of 

forming the electrode portions; and 

the first insulator film is formed at least in an 

intersection region of the second electrode portion and 

the first electrode bus bar portion, and the second 

insulator film is formed at least in an intersection 

region of the first electrode portion and the second 

electrode bus bar portion in the step of forming the 

insulator films. 
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