
DESCRIPTION 

TITLE OF INVENTION 

5 METHOD FOR MANUFACTURING SOLAR CELL ELEMENT AND 

SOLAR CELL ELEMENT 

TECHNICAL FIELD 

10 [0001] 

This invention relates to a method for manufacturing 

solar cells, and solar cells obtained therefrom. 

BACKGROUND ART 

15 [0002] 

In general, conventional solar cells have the 

structure shown in FIG. 1. In FIG. 1, a p-type semiconductor 

substrate 1 is typically a plate of poly- or monocrystalline 

silicon dimensioned 100 to 150 mm squares by 0.1 to 0.3 mm 

20 thick which is doped with a p-type impurity such as boron. 

On the substrate 1, an n-type diffusion layer 2 is formed by-

doping it with an n-type impurity such as phosphorus, and an 

antireflection film 3 of silicon nitride (SiN) or the like is 

formed. On the back surface, a back electrode 6 and a 

25 back-surface field (BSF) layer 4 are formed at the same time 

by printing a conductive aluminum paste thereto by screen 

printing technique, drying and firing. On the front surface, 

a collector electrode (or front electrode) 5 is formed by 

printing a conductive silver paste thereto, drying and firing. 

30 A solar cell is manufactured in this way. It is noted that 

the front surface refers to one surface of a substrate 

serving as the light-receiving side of a solar cell and the 

back surface refers to another surface of the substrate 

opposite to the light-receiving side. 

35 When the collector electrode is formed by the screen 

printing technique, a single printing step is limited to a 

thickness of 30 urn at maximum relative to a line width of 100 
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p,m, with a substantial thickness variation. The electrode 

resistance thus increases, becoming a deleterious factor against an 

improvement in conversion efficiency. 

[0003] 

For the purpose of reducing the resistance value of a 

collector electrode, a method of forming a collector electrode by 

repeating screen printing plural times and using a mesh screen of 

different pattern in each of plural screen printing steps is under 

study (see, for example, JP-A 2010-103572). The solar cell 

manufactured by such a method generally has the structure shown in 

FIG. 2. As a result of overlay printing, the front electrode has an 

increased height. In FIG. 2, the front electrode includes a second 

layer 7. 

[0004] 

However, if the mesh screens have different patterns, with 

which the degree of spreading under a printing pressure applied 

differs, the precision of printing is adversely affected. It is 

difficult to overlay collector electrode layers accurately. A 

misregistration occurs between collector electrode layers, resulting 

in a solar cell with low conversion efficiency or an appearance 

problem due to local thickening of collector electrode. 

SUMMARY OF INVENTION 

Technical Problem 

[0005] 

Embodiments of the invention seek to provide a solar cell and 

manufacturing method, which can form a collector electrode by 

precision printing, can reduce its resistance value, can improve 

electrical properties, and can reduce the takt time of manufacture. 

Solution to Problem 

[0006] 

Making extensive investigations to attain the above object, 

the inventors have found that when a collector electrode is formed 

by repeating screen printing plural times, 
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the resistance value of the collector electrode can be reduced by 

setting such that the squeegee speed during second and later screen 

printing steps is equal to or higher than the squeegee speed during 

first screen printing step. This may prevent any misregistration 

between collector electrode layers due to a change of the mesh 

screen pattern and may enable reduction of the takt time. It is 

advantageous for the fabrication of solar cells that the collector 

electrode may be formed by the screen printing process that may 

enable to reduce the takt time without detracting from reliability 

and outer appearance. The invention is predicated on this finding. 

[0007] 

According to an aspect of the present invention, there is 

provided a method for manufacturing a solar cell having a collector 

electrode, characterized in that the collector electrode is formed 

by screen printing of a conductive paste containing a metal, glass 

frit and varnish at a collector electrode-forming site, and the 

screen-printing step is repeated plural times in an overlapping 

manner, wherein the squeegee speed during the second and later 

screen printing steps is equal to or higher than the squeegee speed 

during the first screen printing step; and a solar cell manufactured 

by the method. 

In a preferred embodiment, the value obtained by subtracting 

the squeegee speed during the first screen printing step from the 

squeegee speed during the second and later screen printing steps is 

0 mm/sec to 300 mm/sec. 

Advantageous Effects of Invention 

[0008] 

In the method for manufacturing a solar cell by screen 

printing a collector electrode according to embodiments of the 

invention, second and later collector electrode printing steps are 

carried out at a speed equal to or higher than the speed of first 

collector electrode printing step, whereby electrical properties of 

the solar cell can be improved without detracting from reliability 

and outer appearance, and the takt time for solar cell manufacture 

can be reduced. The 

3 



invention can be widely utilized in the manufacture of solar 

cells having improved electrical properties. 

BRIEF DESCRIPTION OF DRAWINGS 

5 [0009] 

FIG. I is a cross-sectional view illustrating the 

structure of a solar cell. 

FIG. 2 is a cross - sectional view illustrating the 

structure of a solar cell in which a front electrode is 

10 formed by plural, steps of screen printing. 

DESCRIPTION OF EMBODIMENTS 

[0010] 

One embodiment of the invention is described below in 

15 detail. However, the invention can be implemented in a wide 

variety of other embodiments as well as the illustrated 

embodiment. The scope of the invention is not limited to the 

illustrated embodiment and should be construed as being 

limited only by the appended claims. The drawings are not 

20 drawn to scale. For clarifying the description and helping 

understanding of the invention, some components are drawn in 

exaggerated scale, and some components of no significance are 

not depicted. 

[0011] 

25 As mentioned previously, FIG. 1 is a cross-sectional 

view illustrating the general structure of a solar cell. 

Illustrated in FIG. I are semiconductor substrate 1, 

diffusion layer (or diffusion region) 2, 

antireflection/passivation film 3, BSF layer 4, collector 

30 electrode (or front electrode) 5, and back electrode 6. 

[0012] 

Now the method for manufacturing the solar cell shown 

in FIG. 1 is described. 

First, a semiconductor substrate 1 is provided. The 

35 semiconductor substrate 1 is made of poly- or monocrystalline 

silicon and may be of p- or n-type. Most often the 

semiconductor substrate 1 is a p-type silicon substrate doped 
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with a p-type impurity such as boron and having a resistivity 

of 0.1 to 4.0 Q • cm. 

The method for manufacturing the solar cell is 

described below by referring to an embodiment using a p-type 

5 silicon substrate. A plate-shaped substrate dimensioned 100 

to 150 mm squares by 0.05 to 0.30 mm thick is preferably used. 

After a surface layer damaged by slicing or otherwise 

machining is removed by immersing in acidic solution, for 

example, the front surface of p-type silicon substrate to 

10 serve as the light-receiving surface of a solar cell is 

provided with an irregular structure, known as texture, by 

chemical etching in alkaline solution, washing and drying. 

The irregular structure provides for multiple reflection of 

light at the light-receiving surface of the solar cell. Then 

is the provision of an irregular structure is an effective means 

for reducing reflectivity and improving conversion efficiency. 

[00133 

Thereafter, the p-type silicon substrate is placed in 

a hot gas containing P0C1-,, for example, at or above about 

20 850°C, where thermal diffusion is performed to diffuse an 

n-type impurity such as phosphorus into the entire surface of 

the p-type silicon substrate, forming an n-type diffusion 

layer 2 having a sheet resistance of about 30 to 300 

ohm/square (Q / • ) in the substrate surface. It is noted that 

25 when an n-type diffusion layer is formed by thermal diffusion, 

the n-type diffusion layer may be formed on the opposed 

surfaces and even the edge surfaces of p-type silicon 

substrate. In this case, the unnecessary n-type diffusion 

layer may be removed by immersing in fluoronitric acid 

30 solution the p-type silicon substrate with the necessary 

n-type diffusion layer covered with an acid resistant resin. 

Thereafter, a glass layer formed on the semiconductor 

substrate surface during diffusion is removed by immersing 

the substrate in a chemical solution such as dilute 

35 hydrofluoric acid, followed by washing with deionized water. 



[0014] 

Next, an antireflection/passivation film 3 is formed 

on the front surface of p-type silicon substrate. This 

antireflection/passivation film may be formed of SiN, for 

5 example, by a plasma-enhanced CVD technique involving 

diluting a gas mixture of SiH4 and NH3 with N,, producing a. 

plasma through glow discharge decomposition and depositing. 

The antireflection/passivation film is formed such that it 

may have a refractive index of about 1.8 to 2.3, with a 

10 difference in refractive index from the p-type silicon 

substrate taken into account, and has a thickness of about 

500 to 1,000 A. It is formed for the purpose of preventing 

light from being reflected at the front surface of p-type 

silicon substrate and effectively taking light into the 

15 p-type silicon substrate. The SiN also functions as a 

passivation film capable of exerting a passivation effect to 

the n-type diffusion layer during its formation. This 

function, combined with the antireflection function, is 

effective for improving solar cell electrical properties. 

20 [0015] 

Next, on the back surface, a conductive paste 

containing aluminum, glass frit and varnish, for example, is 

screen printed and dried. Then, on the front surface, a 

conductive paste containing silver, glass frit and varnish, 

25 for example, is screen printed and dried. Thereafter, the 

electrode-forming pastes are fired at a temperature of about 

500 to 950° C to form BSF layer 4, front electrode (i.e. , 

collector electrode) 5 and back electrode 6. 

[0016} 

30 From the typical method for manufacturing crystalline 

silicon solar cells as illustrated above, solar cells with 

good electrical properties are not obtainable because the 

collector electrode has a high resistance value. The method 

for manufacturing a solar cell according to the invention is 

35 characterized in that after the step of forming collector 

electrode by the above-mentioned screen printing technique, 

screen printing of a conductive paste at the collector 
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electrode-forming site is repeated plural times at a squeegee 

speed which is equal to or higher than the squeegee speed 

during the first screen printing step whereby electrical 

properties of the solar cell are enhanced. Electrical 

5 properties of the solar cell are enhanced by the screen 

printing steps for the following reason. 

[0017] 

In the case of typical screen printing, a first step 

of forming a collector electrode by printing a conductive 

10 paste containing silver and the like uses a squeegee speed of 

50 to 300 mm/sec. A lower squeegee speed below the range may 

interfere with removal of the printing plate from the silicon 

substrate, i.e. , the work to be printed and the paste, giving 

rise to problems like smearing of the paste and varying 

15 thickness of paste film. A higher squeegee speed above the 

range may lead to rapid removal of the printing plate, giving 

rise to problems like insufficient transfer of the paste to 

the silicon substrate, blurring of collector electrode, and 

thinning of paste film. However, in the case of formation of 

20 collector electrode by performing second and later steps of 

screen printing in an overlapping manner, since the work to 

be printed Is the first layer of collector electrode rather 

than the silicon substrate, the state of removal of the 

printing plate from the work to be printed and the paste is 

25 different from that of the first printing step. As compared 

with the silicon substrate surface, the first layer of 

collector electrode presents a rough surface state, which is 

compatible with varnish and other ingredients in the paste. 

Then printing second and subsequent layers at a higher 

30 squeegee speed than the speed during the step of printing the 

first layer of collector electrode facilitates removal of the 

printing plate from the paste and the underlay, and increases 

the buildup of paste. The resulting collector electrode has 

an increased thickness and a reduced resistance value. A 

35 solar cell with enhanced electrical properties is obtainable. 

In this embodiment, the value obtained by subtracting 

the squeegee speed during the first screen printing step from 

-7-



the squeegee speed during the second and later screen printing 

steps is 0 mm/sec to 300 ram/sec, preferably 10 mm/sec to 100 

mm/sec, and more preferably 40 mm/sec to 80 mm/sec. 

Likewise, where third and later screen printing steps 

5 are performed/ the difference between the squeegee speed of a 

screen printing step and the squeegee speed of the preceding 

screen printing step is preferably 10 mm/sec to 100 mm/sec, 

more preferably 40 mm/sec to 80 mm/sec. 

The mesh screen used in screen printing preferably 

10 bears the same pattern for all steps of screen printing. 

[0018} 

It is noted that when a collector electrode is formed 

by screen printing, a layer of collector electrode is 

preferably formed by each screen printing step so as to have 

15 a thickness of 5 to 50 urn, especially 8 to 35 urn. The layers 

are preferably formed such that the collector electrode may 

have a total thickness of 25 to 70 um for three-layer 

electrode and 30 to 90 iim for four-layer electrode. 

[0019] 

20 The ink used in screen printing may be selected from 

well-known ink compositions, typically well-known conductive 

silver pastes- Screen printing may be performed in a 

standard way except that the squeegee speed is controlled as 

specified above. 

25 

EXAMPLES 

[0020] 

Examples and Comparative Examples are given below for 

illustrating the invention although the invention is not 

30 limited thereto. 

[0021] 

Example 1 and ComparativeExample 1 

A p-type silicon substrate was prepared by slicing 

boron-doped p-type monocrystalline silicon having a 

35 resistivity of about 1 Q4 cm to a thickness of 0.2 mm and 

machined along outer diameter, yielding a square plate of 15 

- 8 -



cm squares. The p-type silicon substrate was immersed in a 

fluoronitric acid solution for 15 seconds to etch away the 

work damaged layer, chemically etched in a solution of 2 wt% 

KOH and 2 wt.% IPA at 70° C for 5 minutes, washed, with deionized 

5 water and dried, to form a texture on the front surface of 

p-type silicon substrate. Next, the p-type silicon substrate 

was subjected to thermal diffusion in a P0C13 gas atmosphere 

at a temperature of 870°C for 30 minutes, to form an n-type 

layer in the substrate. At this point, the n-type layer had a 

10 sheet resistance of about 40 Q/D and a depth of 0.4 um. Once 

the n-type layer was covered with an acid resistant resin, the 

p-type silicon substrate was immersed in fluoronitric acid 

solution for 10 seconds to remove a portion of the n-type 

layer not covered with the acid resistant resin. The acid 

15 resistant resin was then removed, yielding the p-type silicon 

substrate having the n-type layer formed only on the front 

surface. Next, by plasma-enhanced CVD using SiH4, NH-5 and N2, 

SiN serving as an antireflection/passivation film was formed 

on the front surface of p-type silicon substrate having the 

20 n-type layer thereon to a thickness of 1,000 A. Next, on the 

back surface of p-type silicon substrate, a conductive 

aluminum paste was printed and dried at 150°C. 

[002 2 3 

Thereafter, on the front surface of p-type silicon 

25 substrate, by screen printing of a conductive silver paste, a 

collector electrode layer of 20 pin thick was formed at a 

squeegee speed of 150 mm/sec and dried at 150°C. Further, 

printing of an overlapping collector electrode layer was 

performed at 100 mm/sec in Comparative Example or at 200 

30 mm/sec in Example. In each run, the printed paste was dried 

at 150°C, yielding a final printed electrode having a 

thickness of 30 um. The thus treated substrate was admitted 

in a firing furnace where the conductive paste was fired at a 

maximum temperature of 800°C to form an electrode, completing 

35 a solar cell. Electrical properties of these solar cells 

were measured as well as the takt time of printing. 
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[0023] 

By following the above procedure, ten solar cell samples 

were manufactured in each of Example and Comparative Example. 

Table 1 shows average values of electrical properties of the 

5 solar cell samples and the takt time of printing. 

Table 1 

Short-circuit 
current 
(mA/cm"* 5 

Open-circuit J Fill 
voltage j factor 

imV) | m 

Conversion j Takt time | 
efficiency I of printing j 

{%} j ! sec/electrode) ; 

Example 1 34 . 4 625 j 78.0 
j 

c*
 

CO
 

c*
 
o
 

Comparative 
Example 1 34 . 3 623 77 . 4 16.5 | 8.0 

10 [0024] 

As is evident from Table 1, when solar cells are 

manufactured using the screen printing schedule according to 

the invention, improvements in electrical properties (e.g., 
0.3% as absolute, value in conversion efficiency) are observed, 

15 as compared with Comparative Example. A 0.3% improvement of 

conversion efficiency is achieved simply by changing the 

squeegee speed, which is evaluated to be a great contribution 

to the cell conversion efficiency which is increased by 

combining a variety of parameters in a cumulative way. In 

20 addition, the takt time of printing is not prolonged, leading 

to a saving of manufacture cost. 

[0025] 

Example2 and Comparative Example 2 

Once a p-type silicon substrate was prepared as in 

25 Example 1, a collector electrode was formed on its front 

surface by screen printing of a conductive silver paste, A 

first layer was formed at a squeegee speed of 150 mm/sec to a 

thickness of 20 [im; a. second layer was formed at a squeegee 

speed of 200 mm/sec to a thickness of 12 um; a third layer was 

30 formed at a squeegee speed of 250 mm/sec to a thickness of 8 

um. The final printed electrode had a thickness of 40 itm. 
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Electrical properties of the resulting solar cells are 

shown in Table 2 together with the takt time of printing. 

For comparison purpose, an electrode having a total 

thickness of 40 um was formed by printing at a squeegee speed 

5 of 150 ram/sec for the first layer, a squeegee speed of 100 

ram/sec for the second layer, and a squeegee speed of 90 

mm/sec for the third layer. Electrical properties of the 

resulting solar cells are also shown in Table 2 together with 

the takt time of printing. 

Table 2 

Conversion efficiency 
{%> 

Takt time of printing 
(sec/electrode) 

Example 2 16.7 8 . 0 

Comparative Example 2 16 , 4 10 . 0 
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CLAIMS: 

1. A method for manufacturing a solar cell having a 

collector electrode, characterized in that the collector 

5 electrode is formed by screen printing of a conductive paste 

containing a metal, glass frit and varnish at a collector 

electrode-forming site, and the screen-printing step is 

repeated plural times in an overlapping manner, wherein the 

squeegee speed during the second and later screen printing 

10 steps is equal to or higher than the squeegee speed during 

the first screen printing step. 

2. The method of claim 1 wherein the value obtained by 

subtracting the squeegee speed during the first screen 

15 printing step from the squeegee speed during the second and 

later screen printing steps is 0 mm/sec to 300 mm/sec. 

3. The method of claim 2 wherein the value obtained by 

subtracting the squeegee speed during the first screen 

20 printing step from the squeegee speed during the second and 

later screen printing steps is 10 mm/sec to 100 mm/sec. 

4. The method of any one of claims 1 to 3 wherein the 

conductive paste is fired to form the collector electrode. 

25 
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