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ABSTRACT OF THE DISCLOSURE

A thin film solar cell module which comprises

a first electrode layer, a semiconductor layer and

a second electrode layer, which are deposited on

5 a substrate and at least part of which is worked to

partition these layers into a plurality of cells which 

are electrically connected with each other and sealed 

with an encapsulant. At least part of at least one of 

the first electrode layer, the semiconductor layer and

10 the second electrode layer, which is located at the

periphery of the substrate, is removed by mechanical 

means or by means of laser beam. The periphery of the 

connected solar cells may be surrounded by a high 

adhesive strength region.

• · · ·
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BACKGROUND OF THE INVENTION

This invention relates to a solar cell module, and

5 in particular to a thin film solar cell module which is

useful for a power generation from sunlight.

There is known the following method as one of the 

methods for manufacturing a thin film solar cell module. 

Namely, a transparent electrode layer, a photoelectric 

10 semiconductor layer and a metal layer, which have been

deposited on a light-transmitting glass substrate, are 

at least partially worked by means of an optical beam 

thereby to partition these layers into a plurality of 

cells to isolate one cell from another cell, which are 

15 then electrically connected with each other, and after

terminals are attached to these cells, the reverse 

surface (the surface opposite to the light-transmitting 

glass substrate) is sealed with an encapsulant such as 

a resin for protecting the power-generating portions 

20 thereof, the resultant body being finally fixed to

a mounting frame.

The dielectric strength is one of the characteris­

tics demanded for a solar cell module manufactured in 

this manner. The dielectric strength of solar cell 

25 module can be determined generally by measuring the

withstand voltage between a terminal of solar cell and 

the frame.
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The thin film solar cell is generally constituted 

by a lamination of thin films such as a transparent 

electrode layer, a photoelectric semiconductor layer 

and a metal layer, and most of these layers are

5 generally formed through a vapor phase reaction.

Accordingly, it is generally difficult, in the process

of forming such a laminate through this vapor phase 

reaction, to restrict film forming area to so-called 

active portion of the solar cell. Occasionally, any of 

10 these layers may extend also to the other surface of

the substrate. If such a substrate is attached as it 

is to the frame, it is more likely that the electric 

potential of the frame may become identical with that 

of the active portion of the solar cell. Because of

15 this, the conventional thin film solar cells are

generally poor in dielectric strength.

With a view to overcome this problem, there has

been proposed a method wherein the active region 

occupying the central portion of solar cell is electri- 

20 cally isolated from the peripheral region of solar cell,

which has much possibilities of being electrically 

contacted with the frame, by making use of a laser 

beam which is employed in the patterning of the layers 

at the occasion of electrical connection of cells.

25 However, the solar cell module manufactured by making

use of this method is accompanied with a problem that 

even though the solar cell exhibits an excellent
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dielectric strength immediately after the manufacture

thereof, this property of dielectric strength is sharply

deteriorated when the solar cell module is left in an

environment of high temperature and high humidity.

5 Accordingly, this method has been found poor not only in

manufacturing yield due to a low reliability but also in

productivity, thus making this method useless in industrial 

viewpoint.

The thin film solar cell module of this kind is

10 especially accompanied with a problem that when it is

employed out of door, water may be penetrated into the 

active portion (power generating region) of the solar cell,

15

thus

in a

One

denaturing or

deterioration

of the causes

corroding this active portion, resulting

of the power-generating property thereof.

of this problem is the penetration of

water through an interface between the substrate and the

encapsulant at the peripheral portion of the solar cell

• · · 
• ··

• ·
·· ··
• ♦
• ·
• · 
·· · ·
• · ·

module. Therefore, it is highly desired

penetration of water through a peripheral

20 solar cell module and to improve the

to prevent

portion of

the

the

weather resistance of
• ·• ·• · · ·

• · · ·
• · · ·

the solar cell module.

The reference to any prior art in this specification is

not, and should not be taken as, an acknowledgment or any

form of suggestion that that prior art forms part of the
• · · ·• ·• ·• · · ·• · ·• · ·• · ·• ·• · · ·• ·• ·• · · ·• · ·• · ·• · ·• ·• · · ·• ·

25 common general knowledge in Australia.
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BRIEF SUMMARY OF THE INVENTION

According to the present invention there is provided a 

thin film solar cell module which comprises a first 

electrode layer, a semiconductor layer and a second 

5 electrode layer, which are deposited on a substrate and at 

least part of which is worked to partition these layers into 

a plurality of cells which are electrically connected with 

each other and sealed with an encapsulant;

wherein a portion of at least one of said first electrode 

10 layer, said semiconductor layer and said second electrode 

layer, surrounding the cells at the periphery of said 

substrate, is removed by mechanical means or by means of 

laser beam, the portion thus removed extending to the edge 

of the solar cell module.
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According to this invention, there is also provided a

solar cell module which comprises a laminate layer

comprising a first electrode layer, semiconductor layer and 

a second electrode layer, which are deposited on a substrate

5

10

15

• · · • · · • · ·• ··· ··• ·• ·• ·• · · 99 9 9 20

and patterned thereby to partition 

plurality 

with each

of solar cells which

other and sealed with

are

an

periphery

surrounded

these layers into a

electrically

encapsulant;

connected

wherein a

by a high 

strength between the 

encapsulant is larger

connected solar cells isof the electrically

adhesive strength region, and adhesive 

high adhesive strength region and the 

than the adhesive strength between the

encapsulant and the electrically connected solar cells.

Additional features and advantages of the invention 

forth in the detailed description which follows, 

will be apparent from the description, or may be 

practice of the invention. The features and

will be set

and in part

learned by

advantages of the invention may be realised and obtained by 

means of the instrumentalities and combinations particularly 

pointed our hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

9 9
• · · ·• ·• ·• · · ·99 99 9 99 999 99999• ·

The accompanying drawings, which are incorporated in 

and constitute a part of the specification, illustrate 

presently preferred embodiments of the invention,

• · · ·

• ·• ·• · · ·
• 9 · ·
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and together with the general description given above

and the detailed description of the preferred embodi­

ments given below, by way of example only, serve to explain 
the principles of the invention.

5 FIG. 1 is a cross-sectional view of a thin film

solar cell module according to Examples 1 and 2;

FIG. 2 is a cross-sectional view of a thin film 

solar cell module according to Comparative Example;

FIG. 3 is a plan view of the thin film solar cell 

10 module shown in FIGS. 1 and 2;

FIG. 4 is a cross-sectional view of a thin film 

solar cell module using glass substrate with chamfered 

edge; and

FIG. 5 is a cross-sectional view of a thin film

15 solar cell module according to Example 3.

20

25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The solar cell module according to this invention 

will be explained in detail below.

An example of the thin film solar cell module 

is constructed such that a first electrode layer (a 

transparent electrode layer), a semiconductor layer and 

a second electrode layer (a reverse electrode layer) 

are deposited on a substrate, and at least part of 

these layers is worked by means of a laser beam thereby 

to partition these layers into a plurality of cells 

which are then electrically connected with each other.

As for the substrate, a transparent substrate such



7

as a glass substrate can be employed. As for the first 

electrode layer, a transparent conductive oxide such

as SnC>2, ZnO, ITO, etc. can be employed. As for the 

semiconductor layer, a layer mainly consisting of

5 silicon, i.e. a laminate structure, such as a p-type

a-Si:H layer, i-type a-Si:H layer, and an n-type 

micro-crystalline Si:H layer can be employed. It is 

also possible to employ a laminate structure of 

polycrystalline silicon layer which is capable of

10 forming a pin junction may be also employed. As for

the second electrode layer (a reverse electrode layer), 

Ag, Al, Cr, Ti, or a laminate consisting of any one of 

these metals and a metal oxide can be employed.

Each of these layers is deposited by means of a

15 CVD method or a sputtering method, and then partitioned

into individual solar cells with a predetermined 

interval disposed therebetween by means of laser 

scribing. Then, the neighboring solar cells are 

electrically connected in series (or in parallel), thus

20 forming a thin film solar cell module.

The thin film solar cell module according to a 

first embodiment of this invention is featured in that 

at least part of at least one of the first electrode 

layer, the semiconductor layer and the second electrode 

25 layer, which is located at the periphery of the

substrate, is removed by mechanical means or by means 

of laser beam.
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The removal of at least part of at least one of 

the first electrode layer, the semiconductor layer and 

the second electrode layer by mechanical means in the 

thin film solar cell module of this invention can be

5 performed by means of a surface abrasion method or

a mechanical etching method employing a blasting of 

fine particles. The fine particles to be employed in

the latter method may preferably be 100 μ m or less in 

particle diameter.

10 It is also possible, other than the aforementioned

mechanical etching method, to perform the removal of at 

least part of at least one of the first electrode layer, 

the semiconductor layer and the second electrode layer, 

which is located at the periphery of the substrate, by

15 means of laser beam. When a laser beam is employed,

the removal of the semiconductor layer and the second 

electrode layer can be easily performed without

removing the light-transmitting first electrode layer, 

thus exposing the first electrode layer. As for the

20 laser beam, a beam which is enlarged in beam diameter

can be employed. Preferable range of beam diameter to

be employed in this case is 100 to 500 iim.

The width to be removed at the periphery of

the light-transmitting substrate may be determined

25 depending on the dielectric strength and on the

effective surface factor, specific dimensions thereof

being 0.5 mm or more, preferably 0.5 mm to 10 mm, more
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preferably 1 nun to 5 nun.

It is important to note that it has been found by 

the present inventors that since the surface of the 

thin film solar cell module is not smooth, the first

5 electrode layer (a transparent electrode layer) which

is desired to be removed can be completely removed only 

under a very limited condition as a matter of fact. 

Therefore, when the entire thickness of the first 

electrode layer is forcibly removed, the underlying

10 light-transmitting substrate may be damaged, thus

greatly deteriorating the mechanical strength of the 

substrate.

It has been found by the present inventors that 

it is possible, by performing the sealing using EVA

15 (ethylene-vinyl acetate copolymer) and a back film

while allowing the transparent electrode layer left 

remained, to prominently improve the adhesive strength 

of the interface between the EVA and the substrate (a 

transparent electrode layer), thus making it possible

20 to substantially prevent water from penetrating through

a peripheral portion of the substrate.

Accordingly, in the case of the thin film solar 

cell module according to the first embodiment of this 

invention, it is no more required to remove the entire 

25 thickness of a portion of the first electrode layer, 

the semiconductor layer and the second electrode layer, 

which is located at the periphery of the substrate.
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Namely, it has been confirmed that, even if the sealing 

is performed while allowing the transparent electrode 

layer left exposed, it is possible to ensure a high 

adhesive strength thereof with the resin, thus making 

5 it possible to prevent water from penetrating through

a peripheral portion of the substrate.

If the entire layers of the first electrode layer,

10

15

the semiconductor layer and the second electrode layer 

is to be removed, the removal by mechanical means may 

be effected also against the surface of the light­

transmitting substrate. In this case, a total removal 

thickness of the substrate, the first electrode layer, 

the semiconductor layer and the second electrode layer, 

which are removed by the mechanical means, should be 

controlled within the range of 5 μ m to 100 pm, more 

preferably within the range of 10 pm to 25 pm.

It is preferable in the thin film solar cell

module according to the first embodiment of this 

invention to employ a light-transmitting glass

20 substrate whose peripheral edge is free from a right­

angled portion or an acute-angled portion in order to 

prevent the substrate from being cracked during the use 

thereof. By employing such a substrate, a module which 

is stable in mechanical reliability can be obtained.

25 The reason why the module becomes stable in

mechanical reliability is as follows:

The temperature of the solar cell module employing
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a glass substrate rises during use. If a temperature 

distribution occurs in the glass substrate, the glass 

substrate may be cracked. The temperature distribution 

is marked particularly at an early time on a winter day.

5 If a crack is present at an edge portion of the glass

substrate, the glass substrate may easily break down. 

When parts of an electrode layer and a semiconductor 

layer are mechanically removed, the glass used as 

a substrate may be cracked. In particular, if the

10 edge portion of the glass substrate has a right-angled

portion or an acute-angled portion, that glass 

substrate is easily cracked. For this reason, it is 

preferable that the peripheral edge of the glass 

substrate be free from the right-angled portion or the

15 acute-angled portion.

The peripheral edge of the light-transmitting 

glass substrate may be formed into a polygonal configu­

ration, or into an arcuate configuration. The shaping 

of the peripheral edge in this manner can be realized

20 by mechanically grinding the right angle portion

(chamfering) if the original shape is of a right-angled 

edge, thereby forming it into a polygonal configuration. 

Alternatively, the peripheral edge of the glass 

substrate may be thermally fused thereby removing the

25 right-angled edge portion.

It is also possible to perform the chamfering of 

the peripheral edge thereby to manufacture a glass



12

substrate having the aforementioned configuration.

Specifically, the chamfering can be performed by 

employing a disk-like grinding machine having an 

annular groove formed along the outer periphery thereof

5 and shaped to conform with a cross-sectional configura­

tion desired to obtain, and by contacting the edge of 

the glass substrate with the annular groove moving 

through the rotation of the disk-like grinding machine. 

However, any other chamfering methods can be employed.

10 In the thin film solar cell module according to

the first embodiment of this invention, the peripheral 

portion of the active region consisting of a plurality 

of cells which are isolated from each other and 

electrically connected with each other is removed by

15 mechanical means or by means of laser beam. As a

result, it is possible to ensure an excellent 

insulation throughout the entire periphery of the 

module. Further, since the substrate or the first 

electrode layer is exposed all along the entire

20 periphery of the module, it is possible to ensure

an excellent adhesion thereof with a resin, thus making

it possible to substantially prevent water from 

penetrating through a peripheral portion of the 

substrate. Therefore, it is possible according to this 

25 first embodiment to obtain a module excellent in

dielectric strength with a high yield.

In the solar cell module according to the first
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embodiment of the present invention, the first 

electrode layer may be made of a metal electrode, and 

the second electrode layer may be made of a transparent 

electrode.

5 The thin film solar cell module according to

a second embodiment of this invention is featured in

that a periphery of the solar cell region (the active

portion or the power-generating region) is surrounded 

by a high adhesive strength region which is larger in

10 adhesive strength to the encapsulant, thereby allowing

the substrate and the encapsulant to be strongly 

adhered to each other at the peripheral region of the 

substrate, thus improving the water tightness of the 

peripheral portion of the solar cell module.

15 According to the solar cell module of the first

embodiment of this invention, the improvement of 

dielectric strength and of adhesion is effected 

exclusively by the removal of the peripheral portion of 

the active region, whereas, the solar cell module of

20 the second embodiment of this invention is directed to

the formation of a region which is larger in adhesive 

strength against the encapsulant at the periphery of 

the active region, though there are many aspects which 

overlap with the features of the solar cell module of

25 the first embodiment.

As for the material of the encapsulant, ethylene­

vinyl acetate copolymer (EVA), polyisobutylene, 



14

• ·· · 
* · ·

♦ V ·

ϋ · · ·
c · e
• · «

polyvinylbutyral, silicone, etc. can be employed.

As for the protective film, a vinyl fluoride film, 

a laminate consisting of a vinyl fluoride film and 

an aluminum foil can be employed. It is also possible

5 to employ, as the protective film, a metal plate,

a glass woven fabric, a glass nonwaven fabric etc.

The adhesive strength between an underlying 

material and the encapsulant can be evaluated by 

measuring the vertical peel strength (JIS K6854) for

10 instance. Specifically, the vertical peel strength

of EVA which had been adhered as an encapsulant to 

an underlying material was measured, using, as an 

underlying material, a glass substrate, a transparent 

conductive oxide such as SnC>2 constituting the first

15 electrode layer, a semiconductor, and a metal

constituting the second electrode layer. As a result, 

the vertical peel strength of EVA was 15 kgf/cm or more 

(or the highest value in this measurement) when the 

glass substrate was employed as an underlying material,

20 and 14 kgf/cm when the transparent conductive oxide

was employed as an underlying material, which is much 

higher than 0.5 to 4 kgf/cm which were obtained when 

the semiconductor or metal was employed as an underly­

ing material. The peel strength varies prominently

25 depending on the kind of metal and on the surface

condition. For example, in the case of a refractory 

metal such as Cr, Mo, W and Ti, the variation of peel
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strength is relatively small. However, in the case of

ordinary electrode materials such as Ag and Al, the 

peel strength thereof was generally less than 3 kgf/cm.

Therefore, when the periphery of the solar cell

5 region is surrounded by a region which is larger in

adhesive strength to the encapsulant than that between 

the encapsulant and the electrically connected solar 

cells, e.g. by a region whose vertical peel strength to 

the encapsulant is 3 kgf/cm or more, more preferably

10 10 kgf/cm or more, it becomes possible to improve

the water tightness and weather resistance of the 

peripheral portion of the solar cell module.

According to this second embodiment of this 

invention, the region having such a high adhesive

15 strength can be realized by (1) the exposed portion of

the first electrode layer consisting of a transparent 

conductive oxide, (2) the exposed portion of the 

substrate, or (3) a layer of a metal selected from the

group consisting of Cr, Mo, W and Ti.

20 If the region having such a high adhesive strength

is to be constituted by the exposed portion of the 

first electrode layer consisting of a transparent 

conductive oxide, a method may be employed wherein the 

second electrode layer and the semiconductor layer that

25 have been deposited or laminated at the peripheral

portion of the substrate by means of a CVD method or

a sputtering method for instance are removed by
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mechanical means or by means of laser beam.

This removing method by mechanical means or by means of 

laser beam may be the same as explained with reference 

to the aforementioned first embodiment.

5 if the region having such a high adhesive strength

is to be constituted by the exposed portion of the 

substrate, a method may be employed wherein the second 

electrode layer, the semiconductor layer and the first 

electrode layer formed at the peripheral surface

10 portion of the substrate as well as the peripheral

portion of the substrate per se are mechanically 

removed. In this case, a total removal thickness of 

the second electrode layer, the semiconductor layer, 

the first electrode layer and the substrate, which are

15 removed by the mechanical means, should preferably be

in the range of 5 ^m to 100 μ m, more preferably in the 

range of 10 μπι to 25 jum.

The exposed surface of the first electrode layer

or of the substrate obtained in this manner may be

20 subjected to a surface treatment using a silane

coupling agent.

If the region having such a high adhesive strength 

is to be constituted by a layer of a metal selected 

from the group consisting of Cr, Mo, W and Ti, a method 

25 may be employed wherein the region is subjected to a

primer treatment using a treating solution containing 

any one of these metals. Alternatively, another method
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may be employed wherein the active portion of the solar

cell is masked, and then a metal selected from the

group consisting of Cr, Mo, W and Ti is vapor-deposited 

or sputtered. In any of these methods, there is not

5 any particular limitation regarding the underlying

material, so that a metal selected from the group

10

15

consisting of Cr, Mo, W and Ti may be deposited on the 

surface of the second electrode layer.

The width of the region having a high adhesive 

strength to the encapsulant at the peripheral portion 

of the substrate may be selected so as to ensure 

a sufficient adhesive strength, e.g. 0.5 mm or more, 

more preferably 0.5 mm to 10 mm, most preferably 1 mm 

to 5 mm.

Since the thin film solar cell module according to 

the second embodiment of this invention is featured in 

that a periphery of the solar cell region is entirely 

surrounded by a high adhesive strength region which is 

larger in adhesive strength to the encapsulant, it

20 becomes possible to ensure an excellent adhesion to the

encapsulant and to prevent the deterioration of power­

generating property due to the penetration of water,

thereby improving the weather resistance of the solar

cell module.

25 Next, this invention will be further explained

in details with reference to -the following various

examples .
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Example 1

FIG. 1 is a cross-sectional view of a thin film

solar cell module according to Example 1. The solar 

cell module shown in FIG. 1 can be manufactured as

5 follows.

First of all, a tin oxide film (8,000 angstroms)

2 was deposited by means of a thermal CVD method on 

a glass substrate 1 made of a soda lime glass having 

an area of 92 cm x 46 cm and a thickness of 4 mm.

10 Thereafter, the tin oxide film was subjected to

a patterning process using a laser scriber thereby 

forming a transparent electrode. The reference numeral

3 denotes the scribed line of the transparent electrode.

As a patterning method, the substrate 1 was set on

15 an X-Y table, and then subjected to a partitioning work

using a Q switch YAG laser. The operation conditions 

of the laser were: 532 nm in second harmonic wave,

3 kHz in oscillation frequency, 500 mW in average 

output, and 10 nsec in pulse width. The isolation

20 width was 50 μ m and the width of the string (individual 

solar cell) was about 10 mm.

In order to electrically isolate the active region 

of the solar cell from the peripheral portion thereof 

throughout the entire circumference of the active

25 region, a patterning using a laser beam was performed,

in addition to the worked portion 12 for the string 

isolation, at the location 5 mm distanced away from the
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periphery of the substrate. The reference numeral 13 

denotes a laser insulation-isolating line formed as 

a result of this patterning.

Further, a region 14 having a width of 3.5 mm for

5 forming an electrode-lead out wiring formed of a plated

copper foil was formed on the outside of strings 11a 

and lib. By means of a multiple chamber plasma CVD 

method, an a-Si layer 4 was formed on the tin oxide 

film 2 patterned in advance as mentioned above. Namely,

10 a p-type a-Si:H layer, an i-type a-Si:H layer, and an

n-type micro-crystalline Si:H layer were successively 

deposited at a temperature 20O°C, thereby forming 

a laminated a-Si layer 4 constituting a PIN junction. 

In order to form each layer, SiH4 gas was employed at

15 a flow rate of 100 seem, 500 seem and 100 seem,

respectively. In the cases of forming the p-type 

semiconductor layer and the n-type semiconductor layer, 

2000 seem of B2Hg gas and 2000 seem of PH3 gas each 

diluted by 1000 ppm of hydrogen gas were added to SiH4

20 gas, respectively.

Further, in the formation of the p-type semicon­

ductor layer, 30 seem of CH4 gas was mixed into the 

reaction gas thereby performing the carbonization of 

the a-Si. The power employed for the formation of each 

25 layer was 200W, 500W and 3 kw, respectively, while the

reaction pressure employed was 1 torr, 0.5 torr and

1 torr, respectively. The film thickness of each layer
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formed was assumed to be 150 angstroms, 3200 angstroms 

and 300 angstroms, respectively, in view of the time 

required for the formation of the films. After the 

formation of each film, the substrate 1 was set on an

5 X-Y table and then the patterning of a-Si layer 4 was

performed using a Q switch YAG laser while off-setting 

the position thereof from the patterning position of 

the SnC>2 2 by a distance of 100 μπι. The operation 

conditions of the laser were: 532 nm in second harmonic

10 wave, 3 kHz in oscillation frequency, 500 mW in average

output, and 10 nsec in pulse width. The isolation 

width was set to 100 μ m by defocusing the laser beam 

to enlarge the beam diameter. The reference numeral 

5 denotes a semiconductor-scribing line.

15 Subsequently, a ZnO layer (not shown) having

a film thickness of 1000 angstroms was formed on

the patterned a-Si layer 4 by means of a magnetron 

sputtering method using an RF discharge and a ZnO 

target. The conditions for the sputtering were:

20 2 mtorr in argon gas pressure, 200W in discharge power,
and 200°C in film-forming temperature.

Then, a reverse electrode layer 6 having a film 

thickness of 2000 angstroms was formed on the ZnO layer 

at room temperature by making use of an Ag target of

25 the same magnetron sputtering device and a DC discharge.

The conditions for the sputtering were: 2 mtorr in

argon gas pressure, and 200W in discharge power.
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Next, the substrate 1 was taken out of the 

magnetron sputtering device and set on the X-Y table, 

and then, the Ag layer and the ZnO layer were subjected 

to a patterning process using a Q switch YAG laser,

5 thereby forming a reverse electrode-scribing line 7

which was off-set by a distance of 100 μ m from the 

semiconductor-scribing line 5. The operation 

conditions of the laser were the same as those employed 

in the processing of the a-Si layer 4. The partition-

10 ing width was 70 μτΐΐ and the width of the string was

about 10 mm.

In the same manner as in the case of the tin oxide 

film 2, for the purpose of electrically isolating the 

active region of the solar cell from the peripheral

1.5 portion thereof throughout the entire circumference of

the active region, a patterning using a laser beam was 

performed, in addition to the isolation of string, at 

the location 5 mm distanced away from the periphery of 

the substrate. The isolating width was 150 /im and the

20 patterning was performed so as to include the isolating

portion 13 of the tin oxide film 2.

Then, the entire outer peripheral portion 15 

located 0.5 mm outside this patterning line was 

subjected to a grinding treatment to abrade it to

25 a depth of about 25 μ m by making use of an X-Y stage

and a grinding machine having a finely adjustable

(in the Z-axis direction) flat rotary gear which was
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developed originally by the present inventors. Namely, 

the entire thickness of each of the reverse electrode 

layer 6, the ZnO layer, the a-Si layer and the tin 

oxide layer 2 was removed, and at the same time, the

5 surface portion of the glass substrate 1 was also

removed. The working speed was 3.5 /zm/min.

Thereafter, a bus bar electrode 18 consisting of 

a solder layer 16 and a copper plating foil 17 was 

formed at the position 14 of the aforementioned wiring, 

10 thereby forming an electrode-lead out wiring. The

electrode 18 was made parallel with the string.

The reverse surface of the module constructed in 

this manner was then covered by a protective film 8 

consisting of a vinyl fluoride film (DuPont Corporation, 

15 Tedler (tradename)) and then, sealed by allowing an EVA

sheet to be thermally fused using a vacuum laminator. 

Subsequently, terminals were attached to the module and 

the resultant module was attached to a frame.

The solar cell module obtained in this manner was

20 measured with respect to the current/voltage properties

thereof by making use of an AM 1.5 solar simulator of 
100 mW/cm2. As a result, the solar cell module was 

found to have a short-circuit current of 1240 mA, an 

open-circuit voltage of 44.2V, a fill factor of 0.68

25 and a maximum output of 37.3W.

Then, both plus and minus poles of the lead-out 

terminal was allowed to cause a short-circuit and at

I 
I
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the same time, a voltage of 1500V was applied between 

the terminal and the frame to measure the resistance.

As a result, the resistance was found 100 ΜΩ or more, 

thus indicating an excellent insulation.

5 Finally, the module was immersed in water for 15

minutes, and then, the resistance thereof was measured 

in the same manner as explained above, finding also 

a resistance of 100 ΜΩ or more.

Example 2

10 In the same manner as explained in Example 1, the

processes up to the step of the laser scribing of the 

reverse electrode 6 and the a-Si layer 4 were repeated. 

Then, a mask consisting of an SUS plate was placed on 

the active portion of the solar cell, and the resultant

15 solar cell was subjected to blasting of a grinding

agent having an average particle diameter of about

40 μm by making use of a blast cleaner, thereby 

mechanically removing the reverse electrode 6, the a-Si 

layer 4, the transparent electrode 2 and the surface

20 portion of the substrate 1, which are located at the

peripheral portion of the substrate 1. Thereafter, a 

solar cell module as shown in FIG. 1 was manufactured 

in the same manner as explained in Example 1, and then, 

measured of its properties in the same manner as

25 explained in Example 1. As a result, the properties of

the solar cell module was found almost the same as 

those of Example 1. Namely, the solar cell module was
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found to have a short-circuit current of 1240 mA, 

an open-circuit voltage of 44.2V, a fill factor of 

0.68 and a maximum output of 37.3W.

Further, the resistance between the lead-out

5 terminal and the frame was found 100 ΜΩ or more in both

before and after the immersion thereof in water. 

Comparative Example

A solar cell module was manufactured in the same 

manner as explained in Example 1 except that the

10 mechanical removal of the peripheral portion of the

substrate 1 was not performed, as shown in FIG. 2. 

Then, the solar cell module was measured of its 

properties in the same manner as explained in Example 1. 

As a result, the properties of the solar cell module

15 was found to have a short-circuit current of 1240 mA,

an open-circuit voltage of 43.1V, a fill factor of 0.68 

and a maximum output of 36.3W, thus indicating almost 

the same degree of properties as those of Example 1. 

However, the resistance between the lead-out terminal

20 and the frame was found 800 kQ before the immersion

thereof in water and 15 kQ after the immersion thereof 

in water, thus indicating much lower values as compared 

with the results of Examples 1 and 2. This can be 

attributed to the fact that the peripheral portion of

25 the substrate 1 was poor in adhesive strength of the

encapsulant so that water was enabled to enter into the 

module through an interface between the encapsulant and



25

the peripheral portion of the substrate.

Example 3

A solar cell module was manufactured in the same

manner as explained in Example 1 except that part of

5 each of the reverse electrode 6, the ZnO layer and

the a-Si layer 4, which was located at the peripheral 

portion of the substrate 1 was removed by means of 

grinding but the tin oxide film 2 was not removed, as 

shown in FIG. 5. As a result, almost the same results

10 as those of Example 1 could be obtained. Namely, the

solar cell module obtained in this manner was measured

with respect to the current/voltage properties thereof 

by making use of an AM 1.5 solar simulator of 100 
mW/cm^. as a result, the solar cell module was found

15 to have a short-circuit current of 1240 mA, an open­

circuit voltage of 44.2V, a fill factor of 0.68 and 

a maximum output of 37.3W.

Then, both plus and minus poles of the lead-out

terminal was allowed to cause a short-circuit and at

20 the same time, a voltage of 1500V was applied between

the terminal and the frame to measure the resistance. 

As a result, the resistance was found 100 ΜΩ or more, 

thus indicating an excellent insulation. Furthermore, 

the module was immersed in water for 15 minutes, and

25 then, the resistance thereof was measured in the same

manner as explained above, finding also a resistance of

100 ΜΩ or more, indicating an excellent insulating



-26 -

property thereof.

Example 4

A solar cell module was manufactured in the same 

manner as explained in Example 1 except that part of

5 each of the reverse electrode 6, the ZnO layer and

the a-Si layer 4, which was located at the peripheral 

portion of the substrate 1 was removed by irradiating 

a laser beam. As a result, almost the same results as 

those of Example 1 could be obtained.

10 The operation conditions of the laser were:

532 nm in second harmonic wave, 10 kHz in oscillation 

frequency, 1.5W in average output, and 50 nsec in pulse 

width. The width was set to 300 μ m by defocusing the 

laser beam to enlarge the beam diameter. The relative

15 moving speed of the laser beam and the sample was

200 mm/sec.

Example 5

A solar cell module was manufactured in the same 

manner as explained in Example 1 except that a Ti layer

20 was formed on an Al layer as the second electrode by

sputtering such that the Ti layer was exposed at the 

uppermost surface. In particular, the Ti layer was 

surely formed at the peripheral portion of the 

substrate 1. The thickness of the Ti layer was 30 nm.

25 As a result, almost the same results as those of

Example 1 could be obtained.

As explained above, it is possible according to
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the present invention to provide a solar cell module 

excellent in dielectric strength, which can be 

manufactured by making use of very simple process. 

Further, it is possible to obtain a solar cell module 

5 which is free from deterioration of power-generating

property due to a corrosion after sealing thereof and 

which can be manufactured with high productivity.

Additional advantages and modifications will 

readily occur to those skilled in the art. Therefore, 

10 the invention in its broader aspects is not limited to

the specific details and representative embodiments 

shown and described herein. Accordingly, various 

modifications may be made without departing from the 

spirit or scope of the general inventive concept as 

15 defined by the appended claims and their equivalents.

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" 
and "comprising", will be understood to imply the inclusion of a stated 
integer or step or group of integers or steps but not the exclusion of any 
other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : -

1. A thin film solar cell module which comprises a first 

electrode layer, a semiconductor layer and a second 

5 electrode layer, which are deposited on a substrate and at 

least part of which is worked to partition these layers into 

a plurality of cells which are electrically connected with 

each other and sealed with an encapsulant;

wherein a portion of at least one of said first

10 electrode layer, said semiconductor layer and said second 

electrode layer, surrounding the cells at the periphery of 

said substrate, is removed by mechanical means or by means 

of laser beam, the portion thus removed extending to the 

edge of the solar cell module.

15

2. The thin film solar cell module according to claim 1,
wherein said removal by mechanical means is effected by a

surface abrasion method.

20 3. The thin film solar cell module according to claim 1,

said removal by mechanical means is effected by a mechanical 

etching method employing a blasting of fine particles 100 pm 

or less in particle diameter.

said removal by mechanical means

25 4. The thin film solar cell module according to claim 1,

said removal by means of laser beam is effected by laser

beam which is enlarged in beam diameter.

5. The thin film solar cell module according to claim 1,

is performed30 wherein

that portions of the second electrode
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layer and the semiconductor layer, which is located at 

the periphery of the substrate, thereby allowing that 

surface of the first electrode layer to be exposed.

6. The thin film solar cell module according to

5 claim 1, wherein said removal by mechanical means is

performed against that portions of the first electrode 

layer, the semiconductor layer and the second electrode 

layer, which is located at the periphery of the 

substrate, thereby allowing the surface of the

10 substrate to be exposed.

7. The thin film solar cell module according to 

claim 1, wherein said removal by mechanical means is 

performed against part of the substrate also, a total 

removal thickness of the substrate, the first electrode

15 layer, the semiconductor layer and the second electrode

layer, which are removed by the mechanical means, is in 

the range of 5 μ m to 100 μιη.

8. The thin film solar cell module according to 

claim 7, wherein said total removal thickness of the

20 substrate, the first electrode layer, the semiconductor

layer and the second electrode layer, which are removed 

by the mechanical means, is in the range of 10 pm. to 

25 μ m.

9. The thin film solar cell module according to

25 claim 1, wherein said semiconductor layer is formed of

a material mainly consisting of silicon.

10. A solar cell module which comprises a laminate
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layer comprising a first electrode layer, a semicon­

ductor layer and a second electrode layer, which are 

deposited on a substrate and patterned thereby to 

partition these layers into a plurality of solar cells

5 which are electrically connected with each other and

sealed with an encapsulant;

wherein a periphery of said electrically connected 

solar cells is surrounded by a high adhesive strength 

region, and adhesive strength between said high

10 adhesive strength region and said encapsulant is larger

than the adhesive strength between said encapsulant and 

said electrically connected solar cells.

11. The thin film solar cell module according to 

claim 10, wherein said adhesive strength between said

15 high adhesive strength region and said encapsulant is

3 kgf/cm or more in vertical peel strength.

12. The thin film solar cell module according

to claim 10, wherein said high adhesive strength region 

is constituted by an exposed portion of said first

20 electrode layer comprising a transparent conductive

oxide.

13. The thin film solar cell module according

to claim 10, wherein said high adhesive strength region 

is constituted by an exposed portion of said substrate.

25 14. The thin film solar cell module according

to claim 10, wherein said high adhesive strength region

is constituted by an exposed portion of said first



31

········

electrode layer or said substrate, which has been 

surface-treated with a silane coupling agent.

15. The thin film solar cell module according

to claim 10, wherein said high adhesive strength region

5 is constituted by a layer of a metal selected from the

group consisting of Cr, W, Mo and Ti.

16. The thin film solar cell module according to 

claim 10, wherein said encapsulant is selected from the 

group consisting of ethylene-vinyl acetate copolymer,

10 polyisobutylene, polyvinylbutyral and silicone.

17. A solar cell module, substantially as 

hereinbefore described with reference to FIGS. 1, 3 to 

5 of the accompanying drawings.

• · ·
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18. A thin film solar cell module substantially as 

hereinbefore described with reference to any one of more of 

Figures 1 and 3 to 5 and/or the examples.

5

DATED this 1st day of February, 2001

Kaneka Corporation

By its

DAVIES

Patent Attorneys

COLLISON CAVE
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