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(54) Solar cell module having a surface side covering material with a specific nonwoven glass
fiber member

(57) A solar cell module (fig.1) comprising a solar
cell element 101 and at least a surface side covering
material positioned on the light receiving face side of
said solar cell element 101, said surface side covering
comprising at least a filler 103, a nonwoven glass fibre
member 102, and a surface protective film 104, wherein
said nonwoven glass fibre member 102 is treated with
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a highly reliable solar cell module having an improved surface side covering
material with a specific nonwoven glass fiber member. More particularly, the present invention relates to a highly reliable
solar cell module having an improved surface side covering material with a specific nonwoven glass fiber member
comprising a nonwoven glass fiber member having a texture bonded with a resin binder or a nonwoven glass fiber
member treated with a silane coupling agent, which excels in exterior appearance, resistance to scratching (hereinafter
referred to as scratch resistance), inflammability, weatherability, light resistance, and heat resistance.

Related Background Art

[0002] In recent years, the societal consciousness for the problems relating to the environment and energy has been
increasing all over the world. Particularly, heating of the earth because of the so-called greenhouse effect due to an
increase of atmospheric CO2 has been predicted to cause a serious problem. In view of this, there is an increased
demand for a means of power generation capable of providing clean energy without causing CO2 buildup.
[0003] Now, public attention has been focused on solar cells capable of serving as a non-exhaustable power gen-
eration source of supplying electric power without causing such a problem as above mentioned while meeting such
demand.
[0004] In order to use such a solar cell as a power generation source, it is usually designed into a solar cell module
in a desired configuration which can be used as the power generation source. And such a solar cell module has been
widely using in practice as the power generation source by installing it, for instance, on the ground or on a roof of a
building.
[0005] Now, there are known solar cell modules in which an amorphous silicon solar cell element is used. Such a
solar cell module is usually provided with a light transmissive surface side covering material on the light incident side
face so as to protect the solar cell element. The surface side covering material is required to have (1) sufficient trans-
parency for visible light used in solar cell power generation, (2) sufficient resistance to scratching to prevent the solar
cell element enclosed in the solar cell module from suffering from externally applied stresses such as external scratch-
ing, external shock, and the like, (3) sufficient weatherability to protect the solar cell element without deteriorating in
use environment in outdoors, and (4) sufficient inflammability such that the surface side covering material itself is hardly
burned.
[0006] It is known to use a glass member as an outermost surface covering material of a solar cell module.
[0007] In the case where the glass member is used as the outermost surface covering material of a solar cell module
in which an amorphous silicon solar cell element is used (this solar cell module will be hereinafter referred to as amor-
phous silicon solar cell module), there is a problem in that as the glass member is heavy, poor in flexibility and costly,
the advantages of the amorphous silicon solar cell element in that the amorphous silicon solar cell element is light,
flexible and inexpensive cannot be fully used. For this reason, as the outermost surface side covering material of the
amorphous silicon solar cell module, a transparent thin film of a fluoride polymer is used. In this case, a transparent
organic polymer such as EVA (ethylene-vinyl acetate copolymer) or the like as a filler is usually disposed inside the
transparent thin film as the outermost surface side covering material. As the filler, it is usually used such a transparent
organic polymer which is less expensive and which therefore can be used in a large amount in order to seal'the amor-
phous silicon solar cell element in the amorphous silicon solar cell module. A preferable example of the transparent
organic polymer used as the filler is said EVA which excels in heat resistance and weatherability.
[0008] The above mentioned fluoride polymer thin film used as the outermost surface covering material excels in
weatherability and repellency. In addition, the use of the fluoride polymer thin film as the outermost surface covering
material provides an advantage to diminish the reduction of the photoelectric conversion efficiency of the solar cell
module because of a reduction in the light transmittance due to resin's yellowing or clouding based on deterioration of
the resin or due to surface stain and also an advantage to make it possible to attain an amorphous silicon solar cell
module excelling in flexibility.
[0009] In the case of using a resin film such as a fluoride polymer thin film or the like as the outermost surface
covering material of a solar cell module, the scratch resistance thereof is inferior to that of a solar cell having an
outermost surface covering material comprising a glass member. In order to eliminate this problem, a nonwoven fiber
member such as a nonwoven glass fiber member is often impregnated into a resin used as a filler.
[0010] Now, to use a nonwoven glass fiber member comprising a CRANE GLASS 230 (trademark name) together
with a binder comprising a vinyl alcohol resin in an amount of 10 wt.% or more as a constituent of a surface covering
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material (including a glass member situated at the outermost surface side) of a solar cell module is described, for
example, in Annual Report "Investigation of Test Methods, Material Properties, and Processes for Solar Cell Encap-
sulant", page 10-1, June 1979 (published by U.S. Department of Energy), or in Final Report on the Investigation of
Proposed Process Sequence for the Array Antomated Assembly task, page 233, August 1980 (published by U.S.
Department of Energy) (these will be hereinafter referred to as Reference 1).
[0011] The use of the nonwoven glass fiber member in Reference 1 is aimed not at improving the resistance to
scratching of the solar cell module but principally at (a) ensuring a certain distance between the solar cell element and
the glass member, (b) electrically isolating the solar cell element from the outside, and (c) attaining a pathway for
deaeration in the vacuuming process in the production of the solar cell module.
[0012] Further, Japanese Unexamined Patent Publication No. 1875/1985 (hereinafter referred to as Reference 2)
discloses the use of a glass fiber member by impregnating it into a filler upon the production of a solar cell module
using a plurality of solar cell elements and a glass member as the outermost surface covering material by way of
lamination process, in order to solve problems in that in the lamination process, the cell elements are moved to cause
mutual contact between adjacent cell elements, or their strings are moved to externally raise through a glass member
situated on the outermost surface side.
[0013] Further in addition, Japanese Unexamined Patent Publication No. 33756/1987 (hereinafter referred to as
Reference 3) discloses a solar cell module covered by a surface protective film of a transparent organic polymer resin
as its outermost surface layer, which is produced by arranging two glass fiber members having slight end portions on
opposite surfaces of a photovoltaic element and pouring an organic polymer resin to the resultant.
[0014] However, the prior art disclosed in References 1 to 3 have such problems as will be described below.
[0015] In the case of Reference 1, the layer constituted by the nonwoven glass fiber member (the CRANE GLASS
230) and the vinyl acetate resin binder in an amount 10 wt.% or more is readily markedly colored in an atmosphere
with high temperature, resulting in reducing the photoelectric conversion efficiency of the solar cell module.
[0016] In the case of Reference 2, because the glass member is used as the outermost surface covering material,
in the case of a solar cell module in which an amorphous silicon solar cell element is used, the advantages of the
amorphous silicon solar cell element in that it is light and flexible cannot be fully used, as previously described.
[0017] In the case of Reference 3, since one glass fiber member is disposed on the light receiving face side of the
photovoltaic element as above described, in order for the surface side covering material of the solar cell module to
have sufficient scratch resistance, it is necessary to increase the amount of the organic polymer resin used or thicken
the thickness of the glass fiber member. However, to increase the amount of the organic polymer resin entails a problem
in that the surface side covering material of the solar cell module becomes inferior in inflammability.
[0018] And to thicken the glass fiber member entails a problem in that the glass fiber member is often raised to
expose to the outside through the surface protective film when the solar cell module is continuously used in outdoors
over a long period of time. Particularly, the portion of the glass fiber member which is extended to externally expose
through the surface protective film is free of a transparent organic polymer resin as an adhesive, and the surface
protective film and a portion of the photovoltaic element situated under said portion of the glass fiber member is free
of a transparent organic polymer resin as a filler. Therefore, interfacial portions of the solar cell module where said
portion of the glass fiber member is involved are insufficient in adhesion. Because of this, moisture is liable to invade
into the inside of the solar cell module, resulting in entailing problems in that the characteristics of the photovoltaic
element are deteriorated and a leakage current is caused through moisture invaded.
[0019] Hence, the solar cell module according to Reference 3 is problematic in terms of reliability when it is contin-
uously used in outdoors over a long period of time, specifically over about 20 years from the viewpoint that the lifetime
of a solar cell module as a power generation source is generally considered to be 20 years. Further, recently, there is
a demand for a solar cell module as a power generation source to be endurable against the continuous use in outdoors
over a very long period of about 50 years. The solar cell module according to Reference 3 apparently cannot meet this
demand.
[0020] Now, a solar cell module having an outermost surface covering material comprising an organic polymer resin
film inherently has a problem in that troubles due to moisture are more liable to occur in comparison with the case of
a solar cell module having an outermost surface covering material comprising a glass member. Said troubles include
a trouble in that the organic polymer resin film as the outermost surface covering material is liable to allow moisture to
permeate therethrough into the inside of the solar cell module and a trouble in that moisture invades through pinholes
of the organic polymer resin film into the inside of the solar cell module. The latter trouble is serious in that in the case
where the moisture invaded contains an electrolyte, when it reaches the solar cell element, the electrical insulation
between the solar cell element and the outside is broken to leak electrical current to the outside.
[0021] Incidentally, for (i) a conventional solar cell module (of 3600 cm2 in area) comprising a solar cell element
sealed by an organic sealing resin and a surface side covering material comprising an organic polymer resin film as
an outermost surface protective film and a nonwoven glass fiber member situated under the outermost surface pro-
tective film in which an organic sealing resin is present between the organic polymer resin film and the nonwoven glass
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fiber member and (ii) another conventional solar cell module (of 3600 cm2 in area) comprising a solar cell element and
a surface side covering material comprising an organic polymer resin film as an outermost surface protective film but
having no nonwoven glass fiber member in which an organic sealing resin is present between the organic polymer
resin film and the solar cell element, the present inventors observed electric insulation resistance between the outer-
most surface protective film and the solar cell element of each solar cell module in the following manner. For each
solar cell module, the initial electric insulation resistance between the outermost surface protective film and the solar
cell element was measured. Then, the surface covering material of each solar cell module was immersed in service
water for 32 days, during which the electric insulation resistance between the outermost surface protective film and
the solar cell element was measured after the immersion in the service water for 2 days, 4 days, 8 days, 16 days, and
32 days. The measured electric insulation resistances for each solar cell module are collectively shown in Table 1.
[0022] From the measures results shown in Table 1, it is understood that in the case of the solar cell module (i) with
the nonwoven glass fiber member, the electric insulation resistance between the outermost surface protective film and
the solar cell element is markedly reduced as the water immersion period is increased. One of the reasons for this is
considered such that moisture invaded through pinholes of the outermost surface protective film passes through the
interface between the organic sealing resin and the nonwoven glass fiber member to reach the solar cell element.
[0023] In the case of the solar cell module (ii) with no nonwoven glass fiber member, it is understood that the reduction
in the electric insulation resistance between the outermost surface protective film and the solar cell element is slight.
This situation proves that the moisture invasion pathway in the case of the solar cell module (i) lies in the interface
between the organic sealing resin and the nonwoven glass fiber member.

SUMMARY OF THE INVENTION

[0024] The present invention is intended to eliminate the foregoing problems in the prior art and to provide a solar
cell module having an improved surface side covering material which is free from the problems found in the prior art.
[0025] Embodiments of the present invention each provide a highly reliable solar cell module having an improved
surface side covering material comprising a nonwoven glass fiber member bonded with an acrylic resin which is used
as a filler of sealing the light incident side of a solar cell element, which is no more than slightly coloured in an atmosphere
with high temperature and when exposed to outdoors over a long period of time and excels in exterior appearance,
scratch resistance, inflammability, weatherability, light resistance, and heat resistance.
[0026] Embodiments of the present invention also provide highly reliable solar cell modules each having an improved
surface side covering material with a specific nonwoven glass fiber member comprising a nonwoven glass fiber member
having a texture bonded with an organic resin binder or a nonwoven glass fiber member treated with a silane coupling
agent, which excels in exterior appearance, scratch resistance, inflammability, weatherability, light resistance, and heat
resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a schematic view illustrating the constitution of an example of a solar cell module according to the present
invention.
FIG. 2 is a schematic cross-sectional view illustrating the constitution of an example of a photovoltaic element (or
a solar cell element) which can be used in the present invention.
FIG. 3 is a schematic diagram illustrating an example of a solar cell element comprising a plurality of photovoltaic
elements integrated in series connection which can be used in the present invention.
FIG. 4 is a schematic view illustrating the constitution of another example of a solar cell module according to the
present invention.
FIG. 5 is a schematic view for explaining scratch resistance test which will be later described.
FIG. 6 is a graph showing the examined electric insulation resistances of the surface side covering materials of
solar cell modules obtained in examples and comparative examples which will be later described.

DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS

[0028] The present invention is to attain the above described objects.
[0029] As above described, the present invention provides a highly reliable solar cell module characterized by having
an improved surface side covering material comprising a nonwoven glass fiber member bonded with an acrylic resin
which is used as a filler of sealing the light incident side of a solar cell element, which is slightly colored in an atmosphere
with high temperature and when exposed to outdoors over a long period of time and excels in exterior appearance,
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scratch resistance, inflammability, weatherability, light resistance, and heat resistance.
[0030] A typical embodiment of the solar cell module according to the present invention is characterized by having
an improved surface side covering material with a specific nonwoven glass fiber member comprising a nonwoven glass
fiber member having a texture bonded with an organic resin binder or a nonwoven glass fiber member treated with a
silane coupling agent, which excels in exterior appearance, scratch resistance, inflammability, weatherability, light re-
sistance, and heat resistance.
[0031] In the present invention, there are provided such advantages as will be described below.

(1). By using an acrylic resin which is slightly colored due to light or heat as the binder for the nonwoven glass
fiber member, there can be attained a solar cell module which is slight in the reduction of the photoelectric con-
version efficiency when continuously used in an environment with high temperature or in outdoors over a long
period of time.
(2). The nonwoven glass fiber member may be pluralized. In this case, the situation of preventing external raise
of the nonwoven glass fiber member is further improved while ensuring not only the adhesion between a outermost
surface protective organic resin film composed of a transparent organic polymer resin and a transparent organic
polymer resin situated thereunder but also the adhesion between the transparent organic polymer resin and a
solar cell element situated thereunder. Hence, there can be attained a further reliable solar cell module having a
desirable surface side covering material which is slightly reduced in terms of the light transmittance when contin-
uously used in outdoors over a long period of time. In addition, the surface side covering material has an improved
scratch resistance.

In the case where the nonwoven glass fiber member is pluralized and they arranged so as to contact with
each other, deaeration of a stacked body in the process of producing a solar cell module can be more efficiently
conducted in comparison with the case where the nonwoven glass fiber member is singly used. By this, the resulting
solar cell module is such that is free of external raise of the nonwoven glass fiber member. In addition, the irreg-
ularities of the outermost surface of the solar cell module are uniformed.
(3). In the case where the nonwoven glass fiber member is made to have a thickness of 50 µm to 200 µm, the
advantages described in the above (2) are improved. Particularly, the migration of an adhesive used for bonding
the nonwoven glass fiber members is desirably prevented to stabilze them.
(4). When the weight ratio of the transparent organic polymer resin to the nonwoven glass fiber member is made
to be 4 to 12, the use of the transparent organic polymer resin in a relatively small amount makes it possible to
attain a surface cover excelling in scratch resistance. Particularly, by reinforcing the transparent organic polymer
resin by means of the nonwoven glass fiber member, it is possible to decrease the thickness of the transparent
organic resin while ensuring the scratch resistance.
(5). When the content of the acrylic resin in the nonwoven glass fiber member is made to be 3.0 wt.% to 6.0 wt.
%, the advantages described in the above (1) and (2) are improved while preventing the nonwoven glass fiber
member from scuffing so as to readily handle the nonwoven glass fiber member. Particularly, depolymerization of
the resin to the nonwoven glass fiber member can be minimized.
(6). When opposite surfaces of the nonwoven glass fiber member are treated with a silane coupling agent, the
adhesion at the interface between the sealing resin and the nonwoven glass fiber member is improved by means
of the silane coupling agent to prevent the occurrence of a water invasion pathway.
(7). When the sealing resin comprises a hard organic resin layer with no nonwoven glass fiber member which is
formed on the light receiving face side of the solar cell element and a soft organic resin layer containing the non-
woven glass fiber member which is situated over the hard organic resin layer, the effect of preventing the electric
insulation resistance of the surface covering material from reducing is further improved. Particularly, even if mois-
ture should invades through the soft organic resin layer containing the nonwoven glass fiber member, the hard
organic resin layer with no nonwoven glass fiber member which is situated under the soft organic resin layer
functions to prevent the moisture invaded from reaching the solar cell element.
(8). When the sealing resin comprises an EVA (ethylene-vinyl acetate copolymer), the adhesion between the seal-
ing resin and the nonwoven glass fiber member is further ensured. The EVA herein has been using in the surface
side covering material of a conventional solar cell module, it is not necessary for the configuration of the conven-
tional surface side covering material to be greatly modified.
(9). When the thickness of the transparent organic polymer resin is made to be 200 µm to 800 µm, there can be
attained a surface side covering material which excels in inflammability. Particularly, by diminishing the amount of
the organic polymer resin having a high combustion energy used, the inflammability of the surface side covering
material is ensured.
(10). When the transparent outermost surface protective organic resin film is made to have a surface with a wet-
tability index of 32 dyne to 45 dyne on the side of the solar cell element, there can be attained a surface cover
which excels in adhesion and also in long term reliability. Particularly, the transparent outermost surface protective
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organic resin film and the transparent organic polymer resin situated thereunder are justified so as to improve the
adhesion between the two, resulting in attaining a desirable surface cover with an excellent adhesion which is still
maintained even after exposure to outdoors over a long period of time.
(11). When the transparent outermost surface protective organic resin film comprises a fluoride polymer, there can
be attained a surface cover excelling in weatherability. Particularly, in this case, in combination with the transparent
organic polymer resin as the filler, the weatherability of the fluoride polymer is exhibited in a desirable state.
(12). When the transparent outermost surface protective organic resin film is made to have a tensile elongation
rate at brake of 200% to 800% in the lengthwise and crosswise directions in ASTM D-882 test, there can be attained
an excellent outermost surface cover with no crack.
(13). When the transparent outermost surface protective organic resin film comprises a non-oriented organic resin
film, there can be attained a desirable outermost surface cover which is hardly broken. This prevents the occurrence
of moisture invasion through the outermost surface protective film, resulting in providing a desirable surface side
covering material which is free of a reduction in the electric insulation resistance.
(14). When the transparent outermost surface protective organic resin film comprises a tetrafluoroethylene-ethyl-
ene copolymer resin, there can be attained an outermost surface cover excelling in weatherability, transparency,
physical strength, and repellency. This makes it possible to attain a solar cell module having an outermost surface
which is hardly polluted even upon continuous exposure to outdoors over a long period of time, where the reduction
in the photoelectric conversion efficiency is prevented.
(15). When the surface side covering material is made to have an uneven outermost surface provided with a
plurality of irregularities of 5 µm to 50 µm in difference of elevation, the outermost surface protective film is prevented
from being broken. This makes it possible attain a solar cell module having an outermost surface which does not
allow moisture to invade therethrough into the inside, where the reduction in the photoelectric conversion efficiency
is prevented.
(16). When the production of a solar cell module according to the present invention is conducted by way of ther-
mocompression treatment using a single chambered vacuum laminater, the solar cell module can be efficiently
produced by a simple manner and with a reasonable production cost.
(17). When a solar cell module is produced by way of thermocompression treatment while conducting lamination
process while facing the light receiving face side of a solar cell element (or a photovoltaic element) upward, irreg-
ularities present at the light receiving face of the solar cell element can be embedded by a transparent organic
polymer resin in an minimum amount. Particularly, the follow-up property of the surface side covering material
toward the irregularities present at the light receiving face of the solar cell element is improved.
(18). When the solar cell element comprises a solar cell element (or a photovoltaic element) comprising a semi-
conductor photoactive layer formed of an amorphous silicon film and a transparent and conductive layer disposed
on an electrically conductive substrate, there can be attained a solar cell module excelling particularly in flexibility.

[0032] In the following, detailed description will be made of the solar cell module according to the present invention.
[0033] FIG. 1 is a schematic cross-sectional view illustrating the constitution of a typical example of a solar cell
module according to the present invention.
[0034] In FIG. 1, reference numeral 101 indicates a solar cell element (or a photovoltaic element), reference numeral
102 a nonwoven glass fiber member, reference numeral 103 a transparent or substantially transparent filler (this filler
will be hereinafter referred to as surface side filler), reference numeral 104 a transparent or substantially transparent
film which is positioned at the outermost surface (this film will be hereinafter referred to surface protective film or surface
protective layer), reference numeral 105 a filler on the rear side of the solar cell element 101 (this filler will be hereinafter
referred to as backside filler), reference numeral 106 an insulation film as a back face protective film.
[0035] In the solar cell module shown in FIG. 1, light is impinged through the side of the surface protective film 104,
and the light impinged passes through the surface protective film 104, an upper layer comprising two nonwoven glass
fiber members 102, the filler 103 and a lower layer comprising two nonwoven glass fiber members 102 to arrive in the
solar cell element 101. A photoelectromotive force generated in the solar cell element 101 is outputted through out-
putting terminals (not shown).
[0036] In the solar cell module, each of the upper layer and the lower layer may comprise a single nonwoven glass
fiber member.
[0037] The solar cell module shown in FIG. 1 may further comprise a back face reinforcing member (not shown in
the figure) disposed on the rear side of the insulation film 106 in order to improve the physical strength of the solar cell
module and also in order to prevent the solar cell module from being distorted or warped.
[0038] In the following, description will be made of each constituent of the solar cell module shown in FIG. 1.
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Solar Cell Element (or Photovoltaic Element)

[0039] The solar cell element 101 (or the photovoltaic element) comprises at least a semiconductor photoactive layer
as a photoelectric conversion member disposed on an electroconductive substrate.
[0040] FIG. 2 is a schematic cross-sectional view illustrating the constitution of such solar cell element (or photovoltaic
element).
[0041] In FIG. 2, reference numeral 201 indicates an electrically conductive substrate, reference numeral 202 a back
reflecting layer, reference numeral 203 a semiconductor photoactive layer, reference numeral 204 a transparent and
conductive layer, reference numeral 205 a collecting electrode (or a grid electrode), reference numeral 206a a power
outputting terminal on the positive side, reference numeral 206b a power outputting terminal on the negative side,
reference numeral 207 a solder, and reference numeral 208 an insulation tape.
[0042] The solar cell element (or the photovoltaic element) shown in FIG. 2 comprises the back reflecting layer 202,
the semiconductor photoactive layer 203, the transparent and conductive layer 204, and the collecting electrode 205
disposed in the named order on the electrically conductive substrate 201, where the outputting terminal 206a is elec-
trically connected to the collecting electrode 205 by means of the solder 207 and it is extending from the collecting
electrode 205 while being insulated by means of the insulation tape 208, and the outputting terminal 206b is electrically
connected to the electrically conductive substrate 201 by means of an electrically conductive adhesive (not shown).
In this configuration, the positive side power outputting terminal and the negative side power outputting terminal may
be changed into a negative side power outputting terminal and a positive side power outputting terminal depending
upon the constitution of the semiconductor photoactive layer.
[0043] The electrically conductive substrate 201 serves not only as a substrate for the solar cell element and also
as a lower electrode. As for the electroconductive substrate 201, there is no particular restriction as long as it has an
electroconductive surface. Specifically, it may be an electroconductive member composed of a metal or an electrically
oconductive member composed of a metal alloy of metals as stainless steel. Other than these, the electrically conduc-
tive substrate may comprise a carbon sheet or a Pb-plated steel sheet. Alternatively, the electroconductive substrate
may be a film or sheet made of a synthetic resin or a sheet made of a ceramic. In this case, the substrate is deposited
with an electrically conductive film or the like on the surface thereof.
[0044] The back reflecting layer 202 may comprise a metal layer, a metal oxide layer, or a two-layered structure
comprising a metal layer and a metal oxide layer.
[0045] The back reflecting layer 202 is desired to have a roughened surface in order to make incident light to be
effectively utilized.
[0046] The semiconductor photoactive layer 203 functions to conduct photoelectric conversion. The semiconductor
photoactive layer may be composed of a single crystal silicon semiconductor material, a non-single crystal silicon
semiconductor material such as an amorphous silicon semiconductor material (including a microcrystalline silicon sem-
iconductor material) or polycrystalline silicon semiconductor material, or a compound semiconductor material. In any
case, the semiconductor photoactive layer comprised of any of these semiconductor materials may be of a stacked
structure with a pin junction, a pn junction or a shottky type junction.
[0047] The transparent and conductive layer 204 functions as an upper electrode. The transparent and conductive
layer may comprise In2O3, SnO2, ITO (In2O3-SnO2), ZnO, TiO2, or Cd2SnO4. Other than this, it may comprise a crys-
talline semiconductor layer doped with an appropriate impurity with a high concentration.
[0048] The collecting electrode 205 (or the grid eletrode) serves to effectively collect an electric current generated
by virtue of a photoelectromotive force on the transparent and conductive layer 204. The collecting electrode is desired
to be in the form of a comb shape.
[0049] The collecting electrode may comprise a metal or a metal alloy. Alternatively, the collecting electrode may be
formed of an electrically conductive paste.
[0050] The power outputting terminals 206a and 206b serve to output an electromotive force. The outputting terminal
206a is electrically connected to the collecting electrode 205 by means of the solder 207.
[0051] The outputting terminal 206b is electrically connected to the electrically conductive substrate 201 by means
of an electrically conductive adhesive (not shown in the figure). Alternatively, the electrical connection in this case may
be conducted by spot welding or soldering an appropriate metal body such as copper tab.
[0052] As the solar cell element 101 in the solar cell module shown in FIG. 1 may be a solar cell element comprising
a plurality of photovoltaic elements having the above constitution integrated in series connection or in parallel connec-
tion depending upon a desired voltage or electric current. It is possible to dispose the integrated cell block on an
insulating member such that a desired voltage or electric current can be obtained.
[0053] FIG. 3 is a schematic diagram illustrating an example of a solar cell element comprising such cell block as
described in the above. Particularly, the solar cell element shown in FIG. 3 comprises three photovoltaic elements A,
B and C each having the constitution shown FIG. 2 integrated in series connection by electrically connecting the positive
side power outputting terminal 206a of one photovoltaic element to the negative side power outputting terminal 206b
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of the other photovoltaic element adjacent to the former photovoltaic element by using a solder 301.

Nonwoven Glass Fiber Member

[0054] The nonwoven glass fiber member 102 is based on a glass staple fiber with a fiber diameter of 4 µm to 15
µm and a fiber length of 1 mm to 1000 mm or a glass staple fiber with an inorganic compound incorporated therein
and having a fiber diameter of 4 µm to 15 µm and a fiber length of 1 mm to 1000 mm, and any of these glass stable
fibers has (a) a texture bonded with a binder comprising an organic resin (this hereinafter referred to as nonwoven
glass fiber member (a)) or (b) opposite surfaces treated with a silane coupling agent (this hereinafter referred to as
nonwoven glass fiber member (b)).
[0055] For the nonwoven glass fiber member (a), it is desired to contain the organic resin as the binder in an amount
of preferably 2.0 wt.% to 6.0 wt.% or more preferably 3.0 wt.% to 4.5 wt.%. The organic resin as the binder is the most
desired to comprise an acrylic resin.
[0056] In the case where the content ratio of the organic resin is less than 2.0 wt.%, the basic glass staple fiber
cannot be converted into a nonwoven glass fiber member having a texture desirably bonded with the organic resin. In
this case, there are other problems in that a desirable nonwoven glass fiber member cannot be efficiently produced,
and a nonwoven glass fiber member obtained is liable to entail scuffing when it is handled. On the other hand, in the
case where the content ratio of the organic resin is beyond 6.0 wt.%, the organic resin contained the nonwoven glass
fiber member is gradually depolymerized as the duration for the nonwoven glass fiber member to be continuously used
is increased, where the number of a gap generated upon the depolymerization of the organic resin is gradually increased
accordingly.
[0057] Acrylic resins are slightly colored with the application of light energy or heat energy. And the use of these
acrylic resins as the foregoing binder results in preventing the surface side covering material of the solar cell module
from being colored and also in making the surface side covering material to excel in heat resistance and weatherability.
[0058] The nonwoven glass fiber member (b) having the opposite surfaces treated with the silane coupling agent
has an advantage in that it can be contacted with the surface side filler 103 with an improved adhesion. This situation
always prevents the occurrence of external raise of the nonwoven glass fiber member at the outermost surface of the
solar cell module even when the solar cell module is continuously used over a long period of time.
[0059] The silane coupling agent usable in the present invention can include vinyltrichlorosilane, vinyltris(ß-methoxy)
silane, vinyltriethoxysilane, vinyltrimethoxysilane, γ-metacryloxypropyltrimethoxysilane, β-(3,4-epoxycyclohexyl)ethyl-
trimethoxysilane, γ-glycidoxypropylmethyldiethoxysilane, N-β(aminoethyl)γ-aminopropyltrimethoxysilane, N-β(ami-
noethyl)γ-aminopropylmethyldimethoxysilane, γ-aminopropyltriethoxysilane, N-phenyl-γ-aminopropyltrimethoxysilane,
γ-mercaptopropyltrimethoxysilane, and γ-chloropropyltrimethoxysilane.
[0060] Each nonwoven glass fiber member 102 comprising the above nonwoven glass fiber member (a) or (b) in the
solar cell module shown in FIG. 1 is desired to have a thickness of 50 um to 200 um.
[0061] Herein, the amount of the surface side filler 103 (which will be later explained) comprising a transparent
organic polymer resin is determined in relation to the nonwoven glass fiber member 102. The weight ratio of the organic
polymer resin to the entire of the nonwoven glass fiber members in the surface side covering material of the solar cell
module is desired to be in the range of from 4 to 12.
[0062] Now, when the thickness of each nonwoven glass fiber member 102 is less than 50 um, there is a problem
in that it is extremely difficult to efficiently produce such nonwoven glass fiber member. In addition, there is also a
problem in that it is necessary to stack a number of such thin nonwoven glass fiber members in order to attain a
desirable reinforcing effect for the surface side covering material, and this situation complicates the process of pro-
ducing a solar cell module. On the other hand, when the thickness of the nonwoven glass fiber member is beyond 200
um, there are problems such that the acrylic resin contained therein is liable to migrate, resulting in making the non-
woven glass fiber member in an unstable state. Particularly, in the case where the acrylic resin contained in the non-
woven glass fiber member is migrated, in a portion of the nonwoven glass fiber member which is rich in the content of
the acrylic resin, the acrylic resin in said portion is readily depolymerized during the continuous use of the solar cell
module in outdoors over a long period of time to generate gaps having a liability of being influenced by moisture from
the outside, where interfacial portions caused by said gaps readily allow external moisture to invade into the solar cell
module therethrough, resulting in deteriorating the solar cell element.

Surface Side Filler

[0063] The surface side filler 103 serves to cover the irregularities present at the surface of the solar cell element
101 (or the photovoltaic element) in order to prevent the element from being influenced by external factors such as
temperature changes or/and humidity changes in the external environment, impacts externally applied, or the like and
also in order to attain sufficient adhesion between the element and the surface protective film. Thus, the surface side
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filler is required to excel in weatherability, adhesion, packing property, heat resistance, cold resistance, impact resist-
ance, and scratch resistance. In addition, the surface side filler is required to have inflammability. In view of this, the
surface side filler is desired to configure such that it comprises a transparent organic polymer resin and the foregoing
nonwoven glass fiber embedded by the transparent organic polymer resin, in order to meet said requirements, partic-
ularly in order to make the surface side filler have inflammability while attaining sufficient scratch resistance therefor.
However, in this case, when the content ratio of the nonwoven glass fiber member to the transparent organic polymer
resin is excessive, a problem is liable to entail in that layer separation occurs between the nonwoven glass fiber and
the transparent organic polymer resin to result in causing external raise of the nonwoven glass fiber member.
[0064] The better, the thinner the thickness of the organic polymer resin is, in order to attain sufficient light transmit-
tance so that the solar cell element effectively exhibits a desirable photoelectric conversion efficiency while satisfying
the requirement of inflammability. On the other hand, the transparent organic polymer resin is necessary to be properly
thickened in order to attain highly reliable sealing which sufficiently encapsulates the irregularities present at the surface
of the solar cell element, has sufficient physical strength and causes no external raise of the nonwoven glass fiber
member.
[0065] The thickness of the transparent organic polymer resin should be properly determined while having a due
care about the above situation.
[0066] However, in general, the thickness of the transparent organic polymer resin is desired to be in the range of
from 200 µm to 800 µm. In the case where the thickness of the transparent organic polymer resin is less than 200 µm,
the transparent organic polymer resin is difficult to allow the nonwoven glass fiber member to incorporate therein in a
desirable state to attain sufficient scratch resistance. When the thickness of the transparent organic polymer resin is
beyond 800 µm, sufficient inflammability cannot be attained.
[0067] As previously described, for the amount of the transparent organic polymer resin used as the surface side
filler in the solar cell module, it is desired that the weight ratio of the transparent organic polymer resin to the entire of
the nonwoven glass fiber members used is in the range of from 4 to 12.
[0068] When the weight ratio is less than 4, it is difficult to sufficiently embed the nonwoven glass fiber member by
the transparent organic polymer resin. On the other hand, when the weight ratio is beyond 12, neither sufficient rein-
forcing effect nor sufficient scratch resistance can be attained.
[0069] Now, in the case where the solar cell module is used under severer environmental conditions, it is desired to
have a marked adhesion between the surface side filler and the photovoltaic element and also between the surface
side filler and the surface protective film. In order for the surface side filler to attain such adhesion, it is effective to
incorporate an appropriate silane coupling agent or an appropriate organic titanate compound into the transparent
organic polymer resin as the surface side filler. For the amount of such silane coupling agent or such organic titanate
compound to be incorporated, it is' desired to be in the range of from 0.1 part by weight to 3 parts by weight versus
100 parts of the transparent organic polymer resin.
[0070] The transparent organic polymer resin usable as the surface side filler can include ethylene-vinyl acetate
copolymer (EVA), ethylene-methyl acrylate copolymer (EMA), ethylene-ethyl acrylate copolymer (EEA), polyolefin res-
ins such as butyral resins and the like, urethane resins, and silicone resins. Of these resins, EVA is the most desirable
because it exhibits well-balanced physical properties suitable for a solar cell when used as the surface side filler.
[0071] Any of the above mentioned resins usable as the surface side filler (this resin will be hereinafter referred to
as filler resin) is low in heat deformation temperature and it is liable to readily deform or creep at a high temperature.
Because of this, the filler resin is desired to be crosslinked with an appropriate crosslinking agent so that it has an
increased heat resistance. As the crosslinking agent, there can be mentioned organic peroxides.
[0072] The crossliking of the filler resin used as the surface side filler using such organic peroxide as the crosslinking
agent is performed by way of pulling hydrogen atoms or halogen atoms in the resin by virtue of free radicals generated
from the organic peroxide to form C-C bonds.
[0073] In order to make the organic peroxide to generate such free radicals upon crosslinking the filler resin, the
organic peroxide is desired to be activated by means of thermal decomposition process, redox decomposition process,
or ion decomposition process. Of these processes, the thermal decomposition process is the most appropriate.
[0074] The organic peroxide usable as the crosslinking agent can include hydroperoxide, dialkyl (diallyl) peroxide,
diacyl peroxide, peroxyketal, peroxyester, peroxycarbonate, and ketone peroxide.
[0075] The amount of such organic peroxide as the crosslinking agent added to the filler resin as the surface side
filler is desired to be preferably in the range of from 0.5 part by weight to 5 parts by weight versus 100 parts by weight
of the filler resin.
[0076] The organic peroxide as the crosslinking agent may be used together with the filler resin as the surface side
filler upon thermocompression-bonding the filler. Conditions of the temperature and the period of time for the thermo-
compression-bonding treatment in this case may be properly determined depending upon the thermodecomposition
temperature property of the organic peroxide used. However, in general, these conditions are properly determined to
be such that 90% or more or preferably, 95% or more of the organic peroxide in the filler resin is thermally decomposed.
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[0077] The crosslinked degree of the filler resin herein can be examined by observing the gel content of the filler
resin. In order to prevent the filler resin from being deformed, it is desired for the filler resin to be crosslinked such that
the gel content is preferably 80 wt.% or more or more preferably 90 wt.% or more. A case where the gel content is less
than 80 wt.% means that the amount of a non-crytalline portion in the filler resin is great to result in deteriorating the
filler resin.
[0078] In order to efficiently crosslink the filler resin, it is desired to use a crosslinking assistant such as triarylcya-
nurate (TAIC) in addition to the organic peroxide as the crosslinking agent. In this case, the amount of the crosslinking
assistant added is desired to be in the range of from 1 part by weight to 5 parts by weight versus 100 parts by weight
of the filler resin.
[0079] The surface side filler comprised of the above described filler resin essentially excels in weatherability. How-
ever, in order to attain a further improved weatherability for the surface side filler and also in order to effectively protect
a layer situated thereunder, it is possible for the surface side filler to contain an appropriate UV absorber. For the
amount of the UV absorber added, it is desired to be in the range of from 0. 1 part by weight to 0.5 part by weight
versus 100 parts by weight of the filler resin. The UV absorber usable in this case can include commercially available
chemical compounds usable as an UV absorber such salicylic acid series compounds, benzophenone series com-
pounds, benzotriazole series compounds, and cyanoacrylate series compounds. In a preferred embodiment, it is de-
sired to use an UV absorber having a low volatility in view of use environment for the solar cell module.
[0080] The above desribed UV absorbers may be used either singly or in combination of two more of them.
[0081] Further, in order to improve the resistance to photo-induced degradation of the surface side filler, it is possible
for the resin as the surface side filler to contain an appropriate photo stabilizer in addition to the above described UV
absorber. Such photo stabilizer can include hindered amine series photo stabilizer. Although the hindered amine series
photo stabilizer does not absorb ultraviolet rays as the foregoing UV absorber does, an advantage of further improving
the light resistance of the surface side filler is provided by using the hindered amine series photo stabilizer in combi-
nation with the UV absorber. The amount of the hindered amine series photo stabilizer added is preferably in the range
of from 0.1 part by weight to 0.3 part by weight versus 100 parts by weight of the resin as the surface side filler.
[0082] Besides the above described hindered amine series photo stabilizers, there are known other photo stabilizers.
But those photo stabilizers are not desirable to use in the present invention because they are mostly colored.
[0083] Further in addition, in order to improve the heat resistance of the surface side filler and also in order to improve
the processing property of the surface side filler in the thermocompression bonding treatment, it is possible for the
surface side filler to contain an appropriate antioxidant. Such antioxidant can include monophenol series antioxidants,
bisphenol series antioxidants, high-molecular phenol series antioxidants, sulfur series antioxidants, and phosphorous
series antioxidants.
[0084] The amount of the antioxidant added is preferably in the range of from 0.1 part by weight to 1 part by weight
versus 100 parts by weight of the resin as the surface side filler.
[0085] Now, in order to prevent the occurrence of a reduction in the quantity of incident light to reach the solar cell
element, the surface side filler is desired to be transparent or substantially transparent. Specifically, it is desired for the
surface side filler to have a light transmittance of preferably 80% or more or more preferably 90% or more in a visible
light wavelength region of 400 nm to 800 nm. Further in order to facilitate external light to be readily impinged into the
solar cell element, the surface side filler is desired to be designed such that it has a refractive index of preferably 1.1
to 2.0 or more preferably 1.1 to 1.6 at a temperature of 25 °C.

Surface Protective Film

[0086] The surface protective film 104 is positioned at the outermost surface of the solar cell module and because
of this, it is required to excel in transparency, water repellency, weatherability, pollution resistance, and physical
strength. In addition, in the case where the solar cell module is used under severe environmental conditions in outdoors,
it is required for the surface protective film to ensure that the solar cell module has sufficient durability upon the con-
tinuous use over a long period of time.
[0087] Therefore, the surface protective film is comprised of an appropriate transparent resin film which satisfies
these requirements. Such film can include fluororesin films and acrylic resin films. Of these, the fluororesin films are
the most appropriate because they excels especially in weatherability and pollution resistance.
[0088] Specific examples of the fluororesin film are polyvinylidene fluoride resin films, polyvinyl fluoride resin films,
and tetrafluoroethylene-ethylene copolymer films. Of these fluororesin films, the polyvinylidene fluoride resin films are
the most appropriated in terms of the weatherability. And the tetrafluoroethylene-ethylene copolymer films are the most
appropriate in terms of the weatherability and physical strength in combination.
[0089] In order to attain a further improvement in the adhesion of the surface protective film with the surface side
filler, a given surface of the surface protective film to be contacted with the surface side filler is desired to be subjected
to surface treatment by way of corona discharge treatment, plasma treatment, ozone treatment, UV irradiation treat-
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ment, electron beam irradiation treatment, and flame treatment. Particularly, the surface of the surface protective film
to be contacted with the surface side filler is desired to be treated by way of such surface treatment so that it has a
wettability index of 32 dyne to 45 dyne. In the case where the wettability index is less than 32 dyne, there is such an
occasion that the adhesion of the surface protective film with the surface side filler becomes insufficient to case layer
separation at the interface between them.
[0090] In the case where the resin film as the surface protective film is an oriented resin film, there is such an occasion
that the oriented film is cracked. Therefore, the resin film as the surface protected is desired to comprise a non-oriented
resin film. Particularly, the surface protective film is desired to have a tensile elongation rate at brake of 200% to 800%
in the lengthwise and crosswise directions in ASTM-D-882 test.
[0091] Further, in order to reduce the direct reflection of incident light at the module surface, the surface protective
film may be provided with irregularities of 5 um to 50 um in difference of elevation. In this case, there is also an advantage
in that the surface protective film is prevented from being broken.

Insulation Film

[0092] The insulation film 106 (or the back face protective film) is used for the purpose of electrically isolating the
electrically conductive substrate of the solar element 101 from the outside.
[0093] The insulation film is desired to be composed of a material capable of sufficiently electrically isolating the
electrically conductive substrate of the solar cell element from the outside and which excels in durability, withstands a
thermal expansion and thermal contraction, and excels in flexibility. Specific examples of such material are nylon,
polyethylene terephthalate (PET), polycarbonate and the like.

Backside Filler

[0094] The backside filler 105 serves to ensure the adhesion between the solar cell element 101 and the insulation
film 106 (the back face protective film). The backside filler 105 is desired to comprise a material capable of sufficiently
ensuring the adhesion between the electrically conductive substrate of the solar cell element 101 and the insulation
film 106 and which excels in durability, withstands a thermal expansion and thermal contraction, and excels in flexibility.
Specific examples of such material are hot-melt materials such as EVA (ethylene-vinyl acetate copolymer) and polyvinyl
butyral, and epoxy adhesives. Other than these, double-coated tapes may be also used.
[0095] Separately, the backside filler may be comprise the same material used as the surface side filler.

Back Face Reinforcing Member

[0096] As previously described, an appropriate back face reinforcing member may be disposed outside the insulation
film 106 in order to improve the physical strength of the solar cell module and also in order to prevent the solar cell
module from being distorted or warped due to a change in the environmental temperature. The back face reinforcing
member may comprise a steel plate, a plastic plate, or a fiber-glass reinforced plastic plate (or a so-called FRP plate).

Production of Solar Cell Module

[0097] In the following, description will be made of the production of a solar cell module according to the present
invention using the foregoing solar cell element (or photovoltaic element), filler resin, nonwoven glass fiber member,
surface protective resin film, and back face protective material.
[0098] Now, in order to enclose a solar cell element (or a photovoltaic element) to produce a solar cell module, it is
effective to employ a manner of laminating a surface side covering material on the front face (that is, the light receiving
face) of the solar cell element and a back side covering material on the rear face thereof to obtain a stacked body and
subjecting the stacked body to thermocompression treatment.
[0099] Particularly, a solar cell module according to the present invention which has, for instance, the configuration
shown in FIG. 1 may be produced in a manner of laminating a specific nonwoven glass fiber member 102, a given filler
resin 103 (shaped in a sheet-like form), a given nonwoven glass fiber member 102, and a given surface protective film
104 in the named order on the side of a light receiving surface of a given solar cell element 101 (or a given photovoltaic
element) and laminating a given filler resin 105 (shaped in a sheet-like form) and an insulating film 106 on the rear
side of the solar cell element 101 to obtain a stacked body, and subjecting the stacked body to thermocompression
treatment while positioning the stacked body such that the surface protective film thereof faces upward, whereby con-
verting the stacked body into a solar cell module.
[0100] In the above, the lamination of the back side covering material may be conducted prior to the lamination of
the surface side covering material, wherein the insulating film of the stacked body results in facing upward in the
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thermocompression treatment. However, particularly in order to make it possible to enclose the solar cell element by
the filler resin in a small amount, the former manner is desirable.
[0101] As shown in FIG. 1, it is possible to dispose a plurality of specific nonwoven glass fiber members 102 on the
opposite sides of the filler resin 103 in a state that the nonwoven glass fiber members are contacted with each other.
In this case, the efficiency of the stacked body to be deaerated in the thermocompression treatment is further improved
to provide a solar cell module which is excellent or satisfactory in combustibility, resistance to scratching, heat resistance
and weatherability. Particularly, in this case, the efficiency of the stacked body to be deaerated in the thermocompres-
sion treatment is further improved in comparison with the case of using one specific nonwoven glass fiber member,
and these nonwoven glass fiber members are made such that they are uniformly present in the stacked body. Hence,
the resulting solar cell module becomes such that excels particularly in resistance to scratching.
[0102] In the case where a reinforcing member (a back face reinforcing member) is intended to dispose, it may be
laminated with the use of an appropriate adhesive. This may be conducted upon the lamination process of obtaining
the stacked body or after the thermocompression treatment.
[0103] As for conditions of a temperature to which the stacked body is heated and the period of time during which
the stacked body is heated at said temperature in the thermocompression treatment, they should be properly deter-
mined so that the resin involved is sufficiently crosslinked.
[0104] The termocompression treatment of the stacked body may be conducted by using a conventional single cham-
bered vacuum laminater, double chambered vacuum laminater or roll laminater. Of these, the thermocompression
treatment by means of the single chambered vacuum laminater is the most advantageous, because it enables to
produce a solar cell module according to the present invention by a simple manner and at a reasonable production cost.
[0105] In the following, the present invention will be described in more detail with reference to examples which are
not intended to restrict the scope of the present invention.

Example 1

[0106] In this example, a solar cell module having the configuration shown in FIG. 4 was prepared in the following
manner.

1. Preparation of solar cell element 401:

[0107] As the solar cell element 401, there was prepared an amorphous silicon solar cell element comprising three
photovoltaic elements having the constitution shown in FIG. 2 integrated in series connection as shown in FIG. 3.
[0108] The amorphous silicon solar cell element was prepared in the following manner.

(1) Preparation of three photovoltaic elements:

[0109] Each photovoltaic element was prepared in the following manner.
[0110] There was provided a well-cleaned stainless steel plate as the substrate 201. On the substrate 201, there
was formed a two-layered back reflecting layer 202 comprising a 5000 Å thick Al film and a 5000 Å thick ZnO film by
means of the conventional sputtering process, followed by forming, on the back reflecting layer 202, a tandem type
amorphous silicon photoelectric conversion semiconductor layer 203 with a nip/nip structure comprising a 150 Å thick
n-type layer/a 4000 Å thick i-type layer/a 100 Å thick p-type layer/a 100 Å thick n-type layer/a 800 Å thick i-type layer/
a 100 Å thick p-type layer being.laminated in the named order from the substrate side by means of the conventional
plasma CVD manner, wherein an n-type amorphous silicon film as each n-type layer was formed from a mixture of
SiH4 gas, PH3 gas and H2 gas; an i-type amorphous silicon film as each i-type layer was formed from a mixture of SiH4
gas and H2 gas; and a p-type microcrystalline silicon film as each p-type layer was formed from a mixture of SiH4 gas,
BF3 gas and H2 gas. Then, on the semiconductor layer 203, there was formed a 700 Å thick transparent and conductive
layer 204 composed of In2O3 by means of the conventional heat resistance evaporation process wherein an In-source
was evaporated in an O2 atmosphere. Thus, there was obtained a photovoltaic element.
[0111] Successively, a grid electrode as a collecting electrode 205 was formed on the transparent and conductive
layer 204 by subjecting an Ag-paste to screen printing.
[0112] As for the resultant, a copper tub as a negative side power outputting terminal 206b was fixed to the substrate
201 using a stainless solder. And a tin foil tape as a positive side power outputting terminal 206a was fixed to the grid
electrode as the collecting electrode 205 using a solder 207. In this case, an insulating tape 208 was previously was
previously provided as shown in FIG. 2 in order to attain electrical isolation for the tin foil tape 206. Thus, there was
obtained a photovoltaic element. In this way, there were obtained three photovoltaic elements.
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(2) Preparation of a solar cell element:

[0113] Using the three photovoltaic elements obtained in the above step (1), there was prepared a solar cell element
having the constitution shown in FIG. 3. The three photovoltaic elements A, B and C are linearly arranged, and they
were integrated in series connection by electrically connecting the positive side power outputting terminal 206a of one
photovoltaic element to the negative side power outputting terminal 206b of the other photovoltaic element adjacent
to the former photovoltaic element by using a solder 301.
[0114] Thus, there was obtained a solar cell element as the solar cell element 401.

2. Preparation of solar cell module:

[0115] Using the solar cell element obtained in the above step 1, there was prepared a solar cell module having the
configuration shown in FIG. 4 in the following manner.

(1) Provision of nonwoven glass fiber member:

[0116] As the nonwoven glass fiber members 401a, 401a, 402b and 402b, there were provided four 100 µm thick
nonwoven glass fiber members having a texture bonded with a binder comprising an acrylic resin, each comprising a
GLASPER GMC-00-020(B) (trademark name, produced by Honshu Seishi Kabushiki Kaisha; acrylic resin content: 4.0
wt.%; packing density: 20 g/m2).

(2) Provision of filler resin:

[0117] The filler resin functions as a sealer for the solar cell element.
[0118] As the filler resins 403a, 403b, and 403c, there were provided three 460 µm thick EVA sheets each comprising
a PHOTOCAP A9918P/200rsm/936 (trademark name, produced by Springborn Laboratories Company). Each of the
EVA sheets herein is composed of a resin composition comprising 100 parts by weight of an EVA (ethylene-vinyl acetate
copolymer, vinyl acetate content: 33 wt.%), 1.5 part by weight of a crosslinking agent, 0.3 part by weight of an UV
absorber, 0.1 part by weight of a photo stabilizer, 0.2 part by weight of an antioxidant, and 1.0 part by weight of a silane
coupling agent.

(3) Provision of surface protective film:

[0119] As the surface protective film 404, there was provided a 50 µm thick non-oriented ETFE (ethylene-tetrafluor-
oetylene copolymer) film comprising a NON-ORIENTED TEFZEL FILM (trademark name, produced by Du Pont Com-
pany).

(4) Provision of insulating film:

[0120] As the insulating film 405, there was provided a 63.5 µm thick nylon film comprising a DARTEK (trademark
name, produced by Du Pont Company).

(5) Provision of reinforcing member:

[0121] As the reinforcing member 406, there was provided a black-colored galvanized steel plate (Zn-Al plated steel
plate) having a thickness of 0.27 mm.

(6) Preparation of a solar cell module:

[0122] In the preparation of a solar cell module, there was used a conventional single chambered vacuum laminater
comprising a mounting table on which an object to be treated is to be mounted and a silicone rubber covering member
which serves to enclose the object on the mounting table, the mounting table being provided with an O-ring serving to
seal between the silicone rubber covering member and the mounting table and an exhaust system connected to a
vacuum pump.
[0123] Now, there were stacked the galvanized steel plate 406, the EVA sheet 403c, the insulating film 405, the EVA
sheet 403b, the solar cell element 401, the nonwoven glass fiber member 402b, the nonwoven glass fiber member
402b, the EVA sheet 403a, the nonwoven glass fiber member 402a, the nonwoven glass fiber member 402a, and the
ETFE film 404 are stacked in the named order on the mounting table of the laminater to form a stacked body on the
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mounting table. The silicone rubber covering member was superposed on the stacked body so as to enclose the
stacked body while sealing between the mounting table and the silicone rubber covering member by means of the O-
ring (the resultant herein will be hereinafter referred to as lamination instrument). Then, the vacuum pump of the lam-
inater was operated to evacuate the space containing the stacked body between the mounting table and the silicone
rubber covering member to a predetermined vacuum degree. Thereafter, while continuing the vacuuming operation by
the vacuum pump, the lamination instrument was introduced into an oven. The inside of the oven was previously
maintained at 150 °C prior to the introduction of the lamination instrument therein. The stacked body in the lamination
instrument was subjected to heat treatment for 30 minutes. After the heat treatment of the stacked body in the lamination
instrument in the oven, while continuing the vacuuming operation by the vacuum pump, the lamination instrument was
taken out from the oven, followed by air-cooling to about room temperature. Then, the operation of the vacuum pump
was terminated. Thereafter, the silicone rubber covering member was removed, and the stacked body was taken out
from the lamination instrument. Thus, there was obtained a solar cell module.
[0124] In this way, there were prepared a plurality of solar cell modules.

Evaluation

[0125] Using the resultant solar cell modules, evaluation was conducted with respect to (1) initial exterior appearance,
(2) resistance to scratching, (3) inflammability, (4) endurance against environmental atmosphere with high temperature
and high humidity, (5) weatherability, (6) light resistance, and (7) heat resistance.
[0126] The evaluated results obtained are collectively shown in Table 2.
[0127] The evaluation of each of the above evaluation items was conducted in the following manner.

(1) Evaluation of the initial exterior appearance:

[0128] The solar cell module was optically observed. The observed result is shown in Table 2 based on the following
criteria:

s : a case where no defect is observed in the exterior appearance;
∆ : a case where a slight defect is observed in the exterior appearance but it is not problematic in practice; and
X : a case where distinguishable defects such as curvature and the like are observed in the exterior appearance.

(2) Evaluation of the resistance to scratching:

[0129] This evaluation was conducted in the following manner. The solar cell module was subjected to surface treat-
ment in a manner shown in FIG. 5, wherein a metal plate 502 having a thickness t of 1 mm is contacted through a
corner thereof to the most unevened portion of the light receiving surface side 501 of the solar cell module. Then, to
the metal plate, a load F of 2 pounds is applied and separately, a load F of 5 pounds is applied without moving the
metal plate. And in each case, the metal plate is pulled in a direction indicated by an arrow P while applying the load
F thereto to form a scratch. Then the solar cell module thus treated is evaluated of whether or not its scratched portion
of the surface covering material is still insulative in electrically isolating from the outside. This evaluation is conducted
by immersing the treated solar cell module in an electrolytic solution of 3000 Ω .cm, and applying a voltage of 2200 V
between the photovoltaic element of the solar cell module and the electrolytic solution to observe a leakage current
occurred.
[0130] The evaluated result is shown in Table 2 based on the following criteria.

s : a case (acceptable) where the leakage current is 50 µA or less for the load F of 5 pounds applied;
∆ : a case (acceptable) where the leakage current is 50 µA or less for the load F of 2 pounds applied; and
X : a case (unacceptable) where the leakage current is beyond 50 µA for the load F of 2 pounds applied.

(3) Evaluation of the inflammability:

[0131] The solar cell module was placed on a deck slanted at 22° against the horizon. And a gas burner flame of
760 ± 28 °C was supplied to the surface covering material side of the solar cell module for 10 minute, wherein the
flame spreading was observed. The observed result is shown in Table 2 based on the following criteria:

s : a case (acceptable) where the flame spreading is less than a distance of 6 feet from the tip; and
X : a case (unacceptable) where the flame spreading is beyond a distance of 6 feet from the tip.
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(4) Evaluation of the endurance against environmental atmosphere with high temperature and high humidity:

[0132] The solar cell module was exposed to atmosphere with 85 °C/85 %RH for 200 hours. Thereafter, its exterior
appearance was optically observed. The observed result is shown in Table 2 based on the following criteria:

s : a case where no change is observed in the exterior appearance;
∆ : a case where a slight change is observed in the exterior appearance but it is not problematic in practice; and
X : a case where problematic, distinguishable removal or/and crack, and coloring which are not acceptable in
practice are observed in the exterior appearance.

(5) Evaluation of the weatherability:

[0133] The solar cell module was placed in a carbon-arc sunshine weather meter, wherein it was irradiated with
pseudo sunlight for 5000 hours and for 10000 hours, respectively under conditions of alternately repeating a cycle of
maintaining at a black panel temperature of 63 °C for 108 minutes and a cycle of pure water fall for 12 minutes.
Thereafter, its exterior appearance in the case of each of the irradiation period of 5000 hours and the irradiation period
of 10000 hours was optically observed. The observed results are shown in Table 2 based on the following criteria:

s : a case where no change is observed in the exterior appearance;
∆ : a case where a slight change is observed in the exterior appearance but it is not problematic in practice; and
X : a case where problematic, distinguishable removal or/and crack, and coloring which are not acceptable in
practice are observed in the exterior appearance.

(6) Evaluation of the light resistance:

[0134] The solar cell module was placed in a ultraenergy irradiation tester (produced by Suga Shikenki Kabushiki
Kaisha). In the tester, the solar cell module was subjected to dew cycle test in that a cycle of exposing to irradiation of
UV rays having an intensity of 100 mW/cm2 (300 nm to 400 nm) from a metal halide lump under condition of 70 °C
and 70 %RH for a black panel for 5 hours and a cycle of exposing to a dew condensation atmosphere with 30 °C and
96 %RH for an hour were alternately repeated for 2000 hours. Thereafter, its exterior appearance was optically ob-
served. The observed result is shown in Table 2 based on the following criteria:

s : a case where no change is observed in the exterior appearance;
∆ : a case where a slight change is observed in the exterior appearance but it is not problematic in practice; and
X : a case where problematic, distinguishable removal or/and crack, and coloring which are not acceptable in
practice are observed in the exterior appearance.

(7) Evaluation of the heat resistance:

[0135] The solar cell module was exposed to an atmosphere with 90 °C for 3000 hours. Thereafter, its exterior
appearance was optically observed. The observed result is shown in Table 2 based on the following criteria:

s : a case where no change is observed in the exterior appearance;
∆ : a case where a slight change is observed in the exterior appearance but it is not problematic in practice; and
X : a case where problematic, distinguishable removal or/and crack, and coloring which are not acceptable in
practice are observed in the exterior appearance.

Example 2

[0136] The procedures of Example 1 were repeated, except that the two nonwoven glass fiber members 402a were
not used, to thereby obtain a plurality of solar cell modules.
[0137] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0138] The evaluated results obtained are collectively shown in Table 2.

Example 3

[0139] The procedures of Example 1 were repeated, except that the thickness of the EVA sheet 403a was changed
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to 600 µm, to thereby obtain a plurality of solar cell modules.
[0140] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0141] The evaluated results obtained are collectively shown in Table 2.

Example 4

[0142] The procedures of Example 1 were repeated, except that the two nonwoven glass fiber members 402a were
replaced by three nonwoven glass fiber members 402a, the two nonwoven glass fiber members 402b were replaced
by three nonwoven glass fiber members 402b, and the thickness of the EVA sheet 403a was changed to 600 um, to
thereby obtain a plurality of solar cell modules.
[0143] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0144] The evaluated results obtained are collectively shown in Table 2.

Example 5

[0145] The procedures of Example 1 were repeated, except that the insulating film 405 was replaced by a PET
(polyethylene terephthalate) film having a thickness of 50 µm, to thereby obtain a plurality of solar cell modules.
[0146] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0147] The evaluated results obtained are collectively shown in Table 2.

Example 6

[0148] The procedures of Example 1 were repeated, except that the two nonwoven glass fiber members 402a were
not used and the two nonwoven glass fiber members 402b were replaced by a nonwoven glass fiber member having
a thickness of 400 µm (trademark name: GLASPER GMC-00-080(B) produced by Honshu Seishi Kabushiki Kaisha,
packing density: 80 g/m2), to thereby obtain a plurality of solar cell modules.
[0149] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0150] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 1

[0151] The procedures of Example 1 were repeated, except that each of the nonwoven glass fiber members 402a
and 402b was replaced by a nonwoven glass fiber member in which vinyl alcohol is used a binder, to thereby obtain
a plurality of solar cell modules.
[0152] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0153] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 2

[0154] The procedures of Example 1 were repeated, except that each of the nonwoven glass fiber members 402a
and 402b was replaced by a nonwoven glass fiber member of 5 g/m2 in packing density and having a thickness of 25
µm, to thereby obtain a plurality of solar cell modules.
[0155] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0156] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 3

[0157] The procedures of Example 1 were repeated, except that each of the nonwoven glass fiber members 402a
and 402b was replaced by a nonwoven glass fiber member having a thickness of 400 pm (trademark name: GLASSPER
GMC-00-080(B) produced by Honshu Seishi Kabushiki Kaisha, packing density: 80 g/m2), to thereby obtain a plurality
of solar cell modules.
[0158] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
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1.
[0159] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 4

[0160] The procedures of Example 1 were repeated, except that the binder content of each of the nonwoven glass
fiber members 402a and 402b was changed to 15 wt.%, to thereby obtain a plurality of solar cell modules.
[0161] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0162] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 5

[0163] The procedures of Example 1 were repeated, except that the non-oriented ETFE film as the surface protective
film 404 was replaced by an oriented ETFE film having a thickness of 38 µm, to thereby obtain a plurality of solar cell
modules.
[0164] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0165] The evaluated results obtained are collectively shown in Table 2.

Comparative Example 6

[0166] The procedures of Example 1 were repeated, except that the thickness of each of the EVA sheets 403a, 403b
and 403c was changed to 1000 pm, to thereby obtain a plurality of solar cell modules.
[0167] Using the resultant solar cell modules, evaluation was conducted in the same evaluation manner as in Example
1.
[0168] The evaluated results obtained are collectively shown in Table 2.

Total Evaluation

[0169] Based on the results shown in Table 2, the following are understood.
[0170] Any of the solar cell modules obtained in Examples 1 to 6 belonging to the present invention is excellent or
satisfactory in initial exterior appearance, scratch resistance, inflammability, weatherability, light resistance, heat re-
sistance. In addition, any of these solar cell modules maintains its initial exterior appearance without the occurrence
of practically problematic layer separation or external raise of the nonwoven glass fiber member not only in the high
temperature and high humidity test but also in the weatherability test for 10000 hours. Hence, it is understood that any
of these solar cell module is highly reliable even upon repeated use over a long period of time.
[0171] On the other hand, it is understood that any of the solar cell modules obtained in Comparative Examples 1
to 6 is apparently inferior to the solar cell modules of the present invention.
[0172] Particularly, for the solar cell module of Comparative Example 1, it is understood that the solar cell module is
inferior in weatherability and heat resistance. Particularly, the solar cell module was found to entail a problem of yel-
lowing the surface side covering material in the heat resistance test. This results in reducing the photoelectric conver-
sion efficiency of the solar cell module.
[0173] For the solar cell module of Comparative Example 2, it is understood that the solar cell module is inferior in
scratch resistance. In addition, the solar cell module was found to entail a problem of somewhat later separation at the
surface protective film in the weatherability test and the light resistance test.
[0174] For the solar cell module of Comparative Example 3, it is understood that the solar cell module is inferior in
initial exterior appearance, endurance against environmental atmosphere with high temperature and high humidity,
weatherability, light resistance and heat resistance. In addition, the solar cell module was found that it is liable to entail
a problem of allowing moisture invasion thereinto to deteriorate the sealing resin. Hence, the solar cell module is inferior
in reliability.
[0175] For the solar cell module of Comparative Example 4, it is understood that the solar cell module is inferior in
endurance against environmental atmosphere with high temperature and high humidity, weatherability, light resistance
and heat resistance. Particularly, the solar cell module was found to entail a problem of yellowing the surface side
covering material in the high temperature and high humidity test, the weatherability test, light resistance test, and the
heat resistance test. This results in reducing the photoelectric conversion efficiency of the solar cell module.
[0176] The solar cell module of Comparative Example 5 was found to have a crack in the initial exterior which is
liable to entail a problem of allowing moisture invasion into the solar cell module. In addition, the solar cell module was
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found to entail a problem of entailing the occurrence of remarkable external raise of the nonwoven glass fiber member
in the weatherability test for 10000 hours.
[0177] For the solar cell module of Comparative Example 6, it is understood that the solar cell module is inferior in
inflammability and in heat resistance although it is satisfactory in the initial exterior appearance. Particularly, the solar
cell module was found to entail a problem of yellowing the surface side covering material in the heat resistance test.

Example 7

[0178] In this example, a solar cell module having the configuration shown in FIG. 4 in which a nonwoven glass fiber
member having opposite surfaces treated with a silane coupling agent is used and having an uneven surface was
prepared in the following manner.
[0179] As the solar cell element 401, there was provided a solar cell element prepared in accordance with the pro-
cedures for the preparation of a solar cell element in Example 1.
[0180] On the light receiving face of the solar cell element 401, an acrylsilicon series thermosetting coating (trademark
name: FINEHARD produced by Tohnen Kabushiki Kaisha) was applied by means of spray coating process to a coat,
followed by drying at 200 °C for 30 minutes. By this, a resin coat was formed to cover the light receiving face of the
solar cell element 401.
[0181] As the nonwoven glass fiber member 402b, there was provided a nonwoven glass fiber member having op-
posite surfaces treated with a silane coupling agent obtained by applying an ethanol solution containing 0.5 wt.% of γ-
methacryloxypropyl trimethoxy silane (commercial identification: SZ6030, produced by Toray Dow Corning Silicone
Kabushiki Kaisha) onto opposite surfaces of a nonwoven glass fiber member CRANE GLASS 230 (produced by Crane
Company) and drying the resultant.
[0182] As the filler resins 403a, 403b, and 403c, there were provided three 460 µm thick EVA sheets each comprising
a PHOTOCAP series EVA sheet (produced by Springborn Laboratories Company). Each of the EVA sheets herein is
composed of a resin composition comprising 100 parts by weight of an EVA (ethylene-yinyl acetate copolymer, vinyl
acetate content: 33 wt.%), 1.5 parts by weight of a crosslinking agent, 0.3 part by weight of an UV absorber, 0.1 part
by weight of a photo stabilizer, 0.2 part by weight of an antioxidant, and 0.25 part by weight of a silane coupling agent.
[0183] As the surface protective film 404, there was provided a 50 µm thick ETFE film comprising a TEZEL FILM
(trademark name, produced by Du Pont Company) having a corona-treated surface to be contacted with the EVA sheet.
[0184] As the insulating film 405, there was provided a 63.5 µm thick nylon film comprising a DARTEC (trademark
name, produced by Du Pont Company).
[0185] As the reinforcing member 406, there was provided a 0.27 mm thick galvanized steel member comprising a
TIMA-RCOLOR (trademark name, produced by Daido Kohan Kabushiki Kaisha).
[0186] As a member for the formation of an uneven surface, there was provided a stainless steel mesh member of
40 x 40 in mesh size and 0.15 mm in linear diameter.
[0187] The preparation of the foregoing solar cell module was conducted using the same single chambered vacuum
laminater used in Example 1.
[0188] There were stacked the galvanized steel member 406, the EVA sheet 403c, the nylon film 405, the EVA sheet
403b, the solar cell element 401 having the resin coat on the light receiving face, the nonwoven glass fiber member
402b having the silane coupling agent-treated opposite surfaces, the EVA sheet 403a, and the ETFE film 404 are
stacked in the named order on the mounting table of the laminater to form a laminate on the mounting table. On the
surface of the surface protective film 404 of the laminate on the mounting table, a release member comprising a Teflon
film (trademark name: TEFLON PFA FILM produced by Du Pont Company) was laminated, followed by laminating the
stainless steel mesh member on the release member, whereby forming a stacked body situated on the mounting table.
Then, the silicone rubber covering member was superposed on the stacked body so as to enclose the stacked body
while sealing between the mounting table and the silicone rubber covering member by means of the O-ring (the resultant
herein will be hereinafter referred to as lamination instrument). successively, the vacuum pump of the laminater was
operated to evacuate the space containing the stacked body between the mounting table and the silicone rubber
covering member to a predetermined vacuum degree. Thereafter, while continuing the vacuuming operation by the
vacuum pump, the lamination instrument was introduced into an oven. The inside of the oven was previously maintained
at 150 °C prior to the introduction of the lamination instrument therein. The stacked body in the lamination instrument
was subjected to heat treatment at 150 °C for 30 minutes. After the heat treatment of the stacked body in the lamination
instrument in the oven, while continuing the vacuuming operation by the vacuum pump, the lamination instrument was
taken out from the oven, followed by air-cooling to about room temperature. Then, the operation of the vacuum pump
was terminated. Thereafter, the silicone rubber covering member was removed, and the stacked body was taken out
from the lamination instrument. Then, the release member and the stainless steel mesh member of the stacked body
were removed. Thus, there was obtained a solar cell module having an uneven surface provided with a number of
minute irregularities of 30 µm in maximum difference of elevation.
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[0189] In the above, the pair of power outputting terminals were previously extended to the rear side of the solar cell
element so that they could be wired to the outside through wiring holes previously provided at the galvanized steel
member of the stacked body after completion of the lamination treatment.

Evaluation

[0190] The resultant solar cell module was evaluated with respect to changes in electrical insulation resistance for
the surface side covering material when immersed in water over a long period of time. This evaluation was conducted
in the following manner. That is, the surface side of the solar cell module was immersed in service water for a prede-
termined period of time. Then, a metal plate was superposed on the entire surface of the solar cell module, and a D.
C. voltage of 2200 V was impressed between the metal plate and a portion of the solar cell module where the positive
and negative terminal sides were shortcircuited, where an electric current flown was measured. Based on the measured
electric current, an electric resistance value per a unit area of the surface side covering material was obtained. In this
way, an electric resistance value per a unit area of the surface side covering material for each predetermined water
immersion time was evaluated. The evaluated results are graphically shown in FIG. 6.

Example 8

[0191] The procedures of Example 7 were repeated, except that the glass fiber member was replaced by a nonwoven
glass fiber member comprising a GLASPER (trademark name, produced by Honshu Denki Kabushiki Kaisha) having
opposite surfaces treated with a silane coupling agent comprising amino silane, to thereby obtain a solar cell module.
[0192] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0193] The evaluated results are graphically shown in FIG. 6.

Example 9

[0194] The procedures of Example 7 were repeated, except that the stainless steel mesh member was replaced by
a stainless steel mesh member of 16 x 16 in mesh size and 0.27 mm in linear diameter, to thereby obtain a solar cell
module having an uneven surface provided with a number of minute irregularities of 160 µm in maximum difference
of elevation.
[0195] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0196] The evaluated results are graphically shown in FIG. 6.

Example 10

[0197] The procedures of Example 7 were repeated, except that as the surface protective film 404, a 125 µm thick
acrylic resin film comprising a ACRYPLEN (trademark name, produced by Mitsubishi Rayon Kabushiki Kaisha) was
used, to thereby obtain a solar cell module.
[0198] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0199] The evaluated results are graphically shown in FIG. 6.

Comparative Example 7

[0200] The procedures of Example 7 were repeated, except that the treatment with the silane coupling agent was
not conducted for the nonwoven glass fiber member, to thereby obtain a solar cell module.
[0201] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0202] The evaluated results are graphically shown in FIG. 6.

Comparative Example 8

[0203] The procedures of Example 7 were repeated, except that no nonwoven glass fiber member was used, to
thereby obtain a solar cell module.
[0204] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0205] The evaluated results are graphically shown in FIG. 6.

Comparative Example 9

[0206] The procedures of Example 7 were repeated, except that no resin coat was formed on the light receiving
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surface of the solar cell element, to thereby obtain a solar cell module.
[0207] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0208] The evaluated results are graphically shown in FIG. 6.

Comparative Example 10

[0209] The procedures of Example 7 were repeated, except that as the surface protective film 404, a 38 µm thick
oriented ETFE film comprising a TEFZEL T2 FILM (trademark name, produced by Du Pont Company), to thereby
obtain a solar cell module.
[0210] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0211] The evaluated results are graphically shown in FIG. 6.

Comparative Example 11

[0212] The procedures of Example 7 were repeated, except that the silane coupling agent of each of the EVA sheets
403a, 403b and 403c was omitted, to thereby obtain a solar cell module.
[0213] The resultant solar cell module was evaluated in the same evaluation manner as in Example 7.
[0214] The evaluated results are graphically shown in FIG. 6.

Total Evaluation

[0215] Based on the results shown FIG. 6, the following are understood.
[0216] Any of the solar cell modules obtained in Examples 7 to 10 belonging to the present invention is surpassing
the solar cell modules obtained in Comparative Examples 7, 9, 10, and 11 in terms of the reduction in the electrical
insulation resistance.
[0217] For the solar cell module obtained in Comparative Example 8, no reduction was occurred in the electric in-
sulation resistance because no water invasion pathway was caused due to a fact that no nonwoven glass fiber member
was used. However, the solar cell module was found to entail a problem of causing a damage extending to the solar
cell element in the foregoing test for the resistance to scratching described in Example 1. Hence, it is understood that
the surface side covering material of the solar cell module is not endurable against severe environment in outdoors.
[0218] As above described, according to the present invention, there is stably provided a highly reliable solar cell
module which sufficiently satisfies the requirements relating to resistance to scratching and combustibility which could
not be sufficiently satisfied in the prior art, which excels in heat resistance, weatherability and light resistance, and
which always excels in the exterior appearance without external raise of the nonwoven glass fiber member even upon
continuous use in outdoors over a long period of time.
[0219] Further, the solar cell module according to the present invention is free of a reduction in the electric insulation
resistance even when immersed in water containing an electrolyte over a long period of time, and it is free of the
occurrence of a reduction in the photoelectric conversion performance and of the occurrence of electric shock even
upon continuous use in outdoors over a long period of time. Hence, the solar cell module is highly reliable.
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[0220] The disclosure of the application also includes the following numbered clauses.

Clause 1. A solar cell module comprising a solar cell element and at least a surface side covering material positioned
on the light receiving face side of said solar cell element, said surface side covering comprising at least a filler, a
nonwoven glass fibre member, and a surface protective film, wherein said nonwoven glass fibre member has a
texture bonded with an acrylic resin.
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Clause 2. A solar cell module according to clause 1, wherein the nonwoven glass fibre member comprises a
plurality of nonwoven glass fibre members.

Clause 3. A solar cell module according to clause 2, wherein the nonwoven glass fibre members are contacted
with each other.

Clause 4. A solar cell module according to clause 1, wherein the nonwoven glass fibre member has a thickness
of 50 to 200 µm.

Clause 5. A solar cell module according to clause 1, wherein the weight ratio of the filler to the nonwoven glass
fibre member is 15 to 30.

Clause 6. A solar cell module according to clause 2, wherein the weight ratio of the filler to the plurality of nonwoven
glass fibre members is 4 to 12.

Clause 7. A solar cell module according to clause 1, wherein the acrylic resin contained in the nonwoven glass
fibre member is of a content in a range of 2.0 to 8.0 wt.%

Clause 8. A solar cell module according to clause 1, wherein the filler contains a silane coupling agent.

Clause 9. A solar cell module according to clause 1, wherein the filler comprises a resin selected from the group
consisting of polyolefinic resins, urethane resins, and silicone resins.

Clause 10. A solar cell module according to clause 1, wherein the surface protective film is composed of a resin
selected from the group consisting of fluororesins and acrylic resins.

Clause 11. A solar cell module according to clause 1, wherein the surface protective film comprises a non-oriented
resin film.

Clause 12. A solar cell module according to clause 1, wherein the surface protective film is of 32 to 45 dyne in
wettabilty index.

Clause 13. A solar cell module according to clause 1, wherein the surface protective film is of 200 to 800% in
tensile elongation rate at break.

Clause 14. A solar cell module according to clause 1, wherein the surface protective film has an uneven surface
provided with a plurality of irregularities of 5 to 50 µm in difference of elevation.

Clause 15. A solar cell module according to clause 1 which further comprises a reinforcing member disposed on
the rear face side of the solar cell element.

Clause 16. A solar cell module according to clause 15 which further comprises an insulating film interposed between
the solar cell element and the reinforcing member.

Clause 17. A solar cell module according to clause 15, wherein the reinforcing member comprises a member
selected from the group consisting of steel members, plastic members and glass fibre reinforced plastic members.

Clause 18. A solar cell module according to clause 16, wherein the insulating member comprises a film of nylon,
polyethylene terephthalate, or polycarbonate.

Clause 19. A solar cell module according to clause 1, wherein the solar cell element is an amorphous silicon solar
cell element.

Clause 20. A process for producing a solar cell module, said process includes the steps of:

(a) laminating a solar cell element, a nonwoven glass fibre member having a texture bonded with an acrylic
resin, a surface side filler member, and a surface protective film in the named order to obtain a stacked body,
and
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(b) subjecting said stacked body to thermocompression treatment to obtain said solar cell module.

Clause 21. The process according to clause 20, wherein in the step (a), an insulating film and a backside filler
member are laminated prior to lamination of the solar cell element.

Clause 22. The process according to clause 20, wherein in the step (a), a nonwoven glass fibre member is inter-
posed between the surface side filler member and the surface protective film.

Clause 23. The process according to clause 20, wherein in the step (a), a reinforcing member is laminated to the
outer surface of the insulating film of the stacked body with the use of an adhesive.

Clause 24. The process according to clause 20, wherein prior to conducting the step (b), a step of arranging a
mesh member on the surface protective film of the stacked body through a release member is conducted.

Claims

1. A solar cell module comprising a solar cell element and at least a surface side covering material positioned on the
light receiving face side of said solar cell element, said surface side covering comprising at least a filler, a nonwoven
glass fibre member, and a surface protective film, wherein said nonwoven glass fibre member is treated with a
silane coupling agent.

2. A solar cell module according to claim 1, wherein the nonwoven glass fibre member comprises a plurality of non-
woven glass fibre members.

3. A solar cell module according to claim 2, wherein the nonwoven glass fibre members are contacted with each other.

4. A solar cell module according to claim 1, wherein the nonwoven glass fibre member has a thickness of 50 to 200 µm.

5. A solar cell module according to claim 1, wherein the weight ratio of the filler to the nonwoven glass fibre member
is 15 to 30.

6. A solar cell module according to claim 2, wherein the weight ratio of the filler to the plurality of nonwoven glass
fibre members is 4 to 12.

7. A solar cell module according to claim 1, wherein the filler contains a silane coupling agent.

8. A solar cell module according to claim 1, wherein the filler comprises a resin selected from the group consisting
of polyolefinic resins, urethane resins, and silicone resins.

9. A solar cell module according to claim 1, wherein the surface protective film is composed of a resin selected from
the group consisting of fluororesins and acrylic resins.

10. A solar cell module according to claim 1, wherein the surface protective film comprises a non-oriented resin film.

11. A solar cell module according to claim 1, wherein the surface protective film is of 32 to 45 dyne in wettabilty index.

12. A solar cell module according to claim 1, wherein the surface protective film is of 200 to 800% in tensile elongation
rate at break.

13. A solar cell module according to claim 1, wherein the surface protective film has an uneven surface provided with
a plurality of irregularities of 5 to 50 µm in difference of elevation.

14. A solar cell module according to claim 1 which further comprises a reinforcing member disposed on the rear face
side of the solar cell element.

15. A solar cell module according to claim 14 which further comprises an insulating film interposed between the solar
cell element and the reinforcing member.
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16. A solar cell module according to claim 14, wherein the reinforcing member comprises a member selected from the
group consisting of steel members, plastic members and glass fibre reinforced plastic members.

17. A solar cell module according to claim 15, wherein the insulating member comprises a film of nylon, polyethylene
terephthalate, or polycarbonate.

18. A solar cell module according to claim 1, wherein the solar cell element is an amorphous silicon solar cell element.

19. A process for producing a solar cell module, said process includes the steps of:

(a) laminating a solar cell element, a nonwoven glass fibre member having opposite surfaces treated with a
silane coupling agent, a surface side filler member, and a surface protective film in the named order to obtain
a stacked body, and
(b) subjecting said stacked body to thermocompression treatment to obtain said solar cell module.

20. The process according to claim 19, wherein in the step (a), an insulating film and a backside filler member are
laminated prior to lamination of the solar cell element.

21. The process according to claim 19, wherein in the step (a), a nonwoven glass fibre member is interposed between
the surface side filler member and the surface protective film.

22. The process according to claim 19, wherein in the step (a), a reinforcing member is laminated to the outer surface
of the insulating film of the stacked body with the use of an adhesive.

23. The process according to claim 19, wherein prior to conducting the step (b), a step of arranging a mesh member
on the surface protective film of the stacked body through a release member is conducted.
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