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(57) ABSTRACT 

A solar cell module includes a substrate, a photo-electricity 
generating device (i.e., a solar cell or a block of solar cells), 
a ?ller resin sealing the photo-electricity generating device 
on the substrate, and a surface ?lm covering the ?ller resin. 
An insulating ?lm is inserted betWeen the photo-electricity 
generating device and the substrate so as to be inside the 
substrate, and an inorganic ?brous sheet is inserted betWeen 
the photo-electricity generating device and the surface ?lm 
so as to be disposed inside the insulating ?lm. The substrate 
is bent at a portion thereof free from the insulating ?lm. The 
solar cell member thus provided can exhibit a long-term 
reliability for outdoor use because of effective suppression 
of intrusion of moisture thereinto. 
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SOLAR CELL MODULE 

FIELD OF THE INVENTION AND RELATED 
ART 

[0001] The present invention relates to a solar cell module 
including a photo-electricity generating device (i.e., a solar 
cell or a block of solar cells) ?xed With a resin onto a 
substrate and covered With a surface ?lm. More speci?cally, 
the present invention relates to a solar cell module having an 
excellent in?ammability and an excellent moisture resis 
tance and also a bent structure suitable for assembly. 

[0002] Hitherto, a type of solar cell module including a 
photo-electricity generating device ?xed onto a substrate 
With a resin and covered With a surface ?lm has been knoWn. 
As the resin, EVA (ethylene-vinyl acetate copolymer) has 
been Widely used. As the surface ?lm, it has been knoWn to 
use a ?lm of a ?uorine-containing resin, such as tetra?uo 
roethylene-ethylene copolymer or polyvinyl ?uoride, or a 
transparent ?uorine-containing polymer ?lm formed by 
coating With a ?uorine-containing resin paint. 

[0003] Such a solar cell module having a ?uorine-con 
taining polymer as a light-incidence side surfacemost coat 
ing material has an inferior scratch resistance than a solar 
cell module comprising a glass substrate as a light-incidence 
side surface material. Accordingly, it has been knoWn to 
incorporate an inorganic ?brous sheet such as non-Woven 
glass ?ber cloth, Within an organic polymeric resin as a ?ller 
to form a surface coating material. 

[0004] HoWever, in case Where the inorganic ?brous sheet 
such as glass ?ber is exposed to an edge of the solar cell 
module, external moisture is liable to intrude to loWer the 
electrical insulation or cause a peeling of the laminated 
module and provide an inferior appearance. This is presum 
ably because the inorganic ?brous sheet comprising, e.g., 
glass ?ber and the ?ller resin impregnating the glass ?ber 
have a loW adhesion With each other so that the moisture 
intrudes along the glass ?ber. 

[0005] As a countermeasure, it has been proposed to 
prevent the exposure of the glass ?ber material to an edge of 
the solar cell modulate or to use a glass ?ber material having 
less end portions. For example, Japanese Patent Publication 
(JP-B) 62-33756 has disclosed a solar cell module Wherein 
a glass ?ber sheet material With little end portion is disposed 
on both sides of a solar cell and the end portion thereof is 
sealed Within a ?ller resin. 

[0006] Thus, JP-B 62-33756 has proposed to use a long 
?ber glass ?ber material having little end portion selected 
from limited materials, such as continuous strand mat, glass 
cloth and rolling cloth. No consideration has been exercised 
regarding insulation betWeen the solar cell and the substrate 
on Which the solar cell is disposed. 

[0007] Japanese Laid-Open Patent Application (JP-A) 
7-288333 has disclosed a solar cell module Wherein a 
light-transmissive non-Woven cloth (glass ?ber cloth) in 
contact With a solar cell is disposed inside of edges of the 
solar cell module, and an insulating ?lm is disposed betWeen 
the solar cell and the module substrate. HoWever, the insu 
lating ?lm is disposed to protrude out of the module sub 
strate, and no consideration has been paid to bending of the 
module substrate. 
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[0008] In case Where a substrate of a solar cell module 
including a solar cell sealed With a ?ller resin on a substrate 
and a surface ?lm coating the ?ller resin is bent, a stress is 
applied to the ?ller material and the surface ?lm at the bent 
portion to cause a peeling. In a conventional solar cell 
module having such a structure, a loWering in electrical 
insulation is inevitably caused When used outdoors for a 
long period even if the end portion of the glass ?ber is 
prevented from being exposed at the edge of the module and 
a silane coupling agent is applied to the glass ?ber and the 
surface ?lm. 

SUMMARY OF THE INVENTION 

[0009] A principal object of the present invention is to 
provide a solar cell module capable of effectively suppress 
ing the moisture intrusion into the interior of the solar cell 
module even in a long period of outdoor use. 

[0010] According to the present invention, there is pro 
vided a solar cell module, comprising: a substrate, a photo 
electricity generating device, a ?ller resin sealing the photo 
electricity generating device on the substrate, and a surface 
?lm covering the ?ller resin; Wherein 

[0011] an insulating ?lm is inserted betWeen the photo 
electricity generating device and the substrate so as to be 
inside the substrate, 

[0012] an inorganic ?brous sheet is inserted betWeen the 
photo-electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 

[0013] the substrate is bent at a portion thereof free from 
the insulating ?lm. 

[0014] These and other objects, features and advantages of 
the present invention Will become more apparent upon a 
consideration of the folloWing description of the preferred 
embodiments of the present invention taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A illustrates members constituting a solar 
cell module according to the invention With their relative 
siZes, and FIG. 1B is a sectional vieW of the solar cell 
module shoWing the members in a laminated form. 

[0016] FIG. 2 is a sectional illustration of a photo-elec 
tricity generating device (solar cell) incorporated in the solar 
cell module shoWn in FIGS. 1A and 1B. 

[0017] FIG. 3 is a sectional illustration of solar cell 
modules according to the invention assembled in series. 

[0018] FIGS. 4A and 4B are vieWs corresponding to 
FIGS. 1A and 1B, respectively, for illustrating another 
embodiment of the solar cell module according to the 
invention. 

[0019] FIGS. 5A-5C illustrate an embodiment of the roof 
ing member according to the invention. 

[0020] FIG. 6 illustrates an embodiment of the ventilation 
apparatus according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] FIGS. 1A and 1B illustrate an embodiment of the 
solar cell module according to the present invention. Refer 
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ring to these ?gures, the solar cell module includes a 
photo-electricity generating device (i.e., a solar cell or a 
block of solar cells) 101, an inorganic ?brous (sheet) mate 
rial 102, a ?ller resin 103, a surface ?lm 104, an adhesive 
105, an insulating ?lm 106 and a substrate 107. These 
members are stacked in the order illustrated in FIG. 1A and 
formed into a solar cell module having a laminate sectional 
structure as shoWn in FIG. 1B. 

[0022] In a preferred embodiment, the relative areal (or 
planar) siZes of the respecptive members may be set as 
folloWs. The inorganic ?brous sheet 102 is set as folloWs. 
The inorganic ?brous sheet 102 is larger than the photo 
electricity generating device 101 SO as to cover the photo 
electricity generating device 101. The insulating ?lm 106 
has an almost identical siZe as the adhesive 105 and is larger 
than the inorganic ?brous sheet 102. The substrate 107, the 
?ller resin 103 and the surface ?lm 104 have almost identical 
siZes and are larger than the insulating ?lm 106. The ?ller 
resin 103 and the surface ?lm 104 may be someWhat larger 
than the substrate 107 so as to cover edges of the substrate 
107. 

[0023] As the inorganic ?brous sheet 102 is disposed 
inside the edge(s) of the insulating ?lm 106 together With a 
bent substrate structure as described hereinafter, it becomes 
possible to provide a solar cell module free from moisture 
intrusion even after a temperature-humidity cycle test and a 
long period of outdoor use, thus providing a reliable solar 
cell module free from a loWering in electrical insulation 
performance. 

[0024] HereinbeloW, details of the respective members 
Will be described. 

[0025] Inorganic ?brous sheet 102 
[0026] The inorganic ?brous sheet 102 may preferably be 
larger in planar siZe than the photo-electricity generating 
device 101. The inorganic ?brous sheet 102 has a function 
of promoting degassing from the module laminate at the 
time of preparation thereof by lamination. If it is smaller 
than the photo-electricity generating device, the cell cannot 
be sufficiently prevented from an eXternal impact, and the 
degassing from the module at the time of lamination is liable 
to be insuf?cient to leave bubbles Within the module. 

[0027] It is also preferred that the inorganic ?brous sheet 
102 is smaller in planar siZe than the substrate 107 and not 
eXtended up to the edge of the module. If the inorganic 
?brous sheet 102 is identical or larger in siZe than the 
substrate 107 so as to be eXposed to the module edge, 
external moisture is caused to intrude into the module, along 
the ?ber, thereby promoting the deterioration or peeling of 
the coating material. Further, as a result of the moisture 
intrusion, the electrical insulation betWeen the inner portion 
and the exterior This is because the inorganic ?brous sheet 
102 and the ?ller resin 103 shoW a rather Weak adhesion 
therebetWeen so that the boundary therebetWeen is liable to 
provide a How path and the moisture is caused to intrude 
along the inorganic sheet 102. Further, even if the inorganic 
?brous sheet 102 does not reach the module edge, if the 
inorganic ?brous sheet 102 continually eXtends from above 
the photo-electricity generating device 101 to the substrate 
107, moisture can migrate along the inorganic ?brous sheet 
102 to provide an electrical continuation betWeen the sub 
strate 107 and the photo-electricity generating device 101, 
thus failing to ensure the electrical insulation in some cases. 
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[0028] Further, it is preferred that the inorganic ?brous 
sheet 102 is smaller than the insulating ?lm 106 rather than 
having an identical siZe as the insulating ?lm 106. Hitherto, 
the surface ?lm 104 and the ?ller resin 103 can have caused 
a remarkable degree of buckling after the bending to result 
in a peeling or a crack at the bend, thereby causing moisture 
intrusion therethrough. According to the present invention, 
the inorganic ?brous sheet 102 liable to provide a moisture 
migration path is formed in a smaller siZe than the insulating 
?lm 106 so that, even When the substrate 107 is bent at a 
position closer to the photo-electricity generating device 101 
and outside the insulating ?lm 106, it becomes possible to 
remarkably reduce the possibility that the moisture possibly 
penetrating through the portion reaches the photo-electricity 
generating device 101, thus providing an improved long 
term reliability. If it is possible to bend the substrate 109 at 
a position closer to the photo-electricity generating device 
101, the solar cell module according to the present inven 
tion, When used as a roo?ng sheet member, can include the 
photo-electricity generating device fully up to the Working 
Width of the roo?ng sheet, so that a smaller number of 
roo?ng sheets can generate a suf?cient amount of electric 
poWer. 

[0029] The adhesion betWeen the inorganic ?brous sheet 
102 and the ?ller resin 103 can be remarkably increased if 
one or both of them are surface-treated With a silane cou 

pling agent. HoWever, the effect of the treatment has a 
certain limit, and the surface-treating effect can be deterio 
rated to result in a loWer adhesion after a long-term outdoor 
eXposure or a temperature-humidity cycle test correspond 
ing thereto. 

[0030] A solution to this problem given by the present 
invention is to dispose the inorganic ?brous sheet 102 in a 
smaller siZe than the insulating ?lm 106. As a result, a 
portion of the adhesive layer 105 bonding the solar cell 101 
and the insulating ?lm 106 can directly contact the ?ller 
resin 103 Without intermediate the inorganic ?brous sheet 
102. This provides an improved packaging effect for the 
photo-electricity generating device 101, and prevents the 
formation of a moisture migration path connecting the 
photo-electricity generating device 101 and the substrate 
107, thus ensuring an electrical insulation even after a 
long-term outdoor use or a temperature-humidity cycle test 
corresponding thereto. Further, it is also possible to prevent 
the generated electricity from being leaked to the eXterior 
and provide a solar cell module With an improved safety in 
actual use. 

[0031] Further, as the inorganic ?brous sheet 102 and the 
insulating ?lm 106 are prevented from being present at the 
bending portion, the bending becomes easier, and the occur 
rence of inferior appearance, such as turbidity at the bend, 
can be suppressed. 

[0032] The inorganic ?brous sheet 102 used in the present 
invention is required in order to reduce the amount of the 
?ller resin, provide an improved scratch resistance and 
provide an improved non-?ammability. Further, in the case 
of a large-siZed solar cell module of roo?ng-type or Wall 
installation-type, the inorganic ?brous sheet 102 is very 
effective for de-aeration Within the module at the time of 
lamination. 

[0033] The inorganic ?brous sheet 102 may suitably com 
prise various non-Woven glass ?ber cloth Without particular 
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limitation. It is preferred to use an acrylic resin as a binder 
for binding individual glass ?bers. It is further preferred to 
surface-treat the inorganic ?brous sheet With a silane cou 
pling agent. 
[0034] The inorganic ?brous sheet 102 may preferably 
have a thickness of 150-450 pm and comprise glass ?ber 
having a ?ber diameter in a range of 5-15 pm. 

[0035] Filler resin 103 
[0036] The ?ller resin 103 is used to coat the unevennesses 
of the photo-electricity generating device 101 and protect 
the cell from severe environmental conditions, such as a 
temperature change, a humidity and an impact While ensur 
ing the adhesion betWeen the cell 101 and the surface ?lm 
104. Accordingly, the ?ller resin is required to exhibit 
Weatherability, adhesivenness, ?ller characteristic, heat-re 
sistance, cold-resistance, and impact resistance. Examples of 
resins satisfying such requirements may include: polyole?n 
type resins, such as ethylene-vinyl acetate copolymer 
(EVA), ethylene-methyl acrylate copolymer (EMA), ethyl 
ene-ethyl acrylate copolymer, and polyvinyl butyral resin, 
urethane resin, silicone resin, and ?uorine-containing resin. 
Among these, EVA has Well-balanced properties for use in 
solar cells and may be preferably used. 

[0037] The ?ller resin 103 may provide a thin ?ller resin 
portion Where the inorganic ?brous sheet 102 is not present 
at a non-elasticity-generating region When the solar cell 101 
is not present. The thickness of the thin-?ller resin portion 
comprising the ?ller resin 103 but no inorganic ?brous sheet 
102 may preferably be smaller than that of a layer including 
the ?ller resin 103 and the inorganic ?brous sheet 102 at an 
electricity-generating region. The module substrate 107 may 
desirably be bent at the thin-?ller resin portion. 

[0038] The ?ller resin 103 in its straight form has a rather 
loW heat-distortion temperature and can readily cause dis 
tortion or creeping at an elevated temperature, so that it is 
preferred to crosslink the ?ller resin so as to provide an 
enhanced heat resistance. EVA may generally be crosslinked 
in the presence of an organic peroxide. Crosslinking With an 
organic peroxide may be initiated by extraction of a hydro 
gen or chlorine atom from a resin by a free radical generated 
from the organic peroxide to form a C-C bond. The organic 
peroxide may be activated by thermal decomposition, redox 
decomposition or ionic decomposition. Thermal decompo 
sition is generally preferred. Examples of the organic per 
oxide structures may include: hydroperoxide, dialkyl (allyl) 
peroxide, diacyl peroxide, peroxyketal, peroxyester, peroxy 
carbonate and ketone peroxide. The organic peroxide may 
be used in 0.5-5 Wt. parts per 100 Wt. parts of the ?ller or 
sealing resin 103. 
[0039] These organic peroxides may be used in mixture 
With the ?ller resin to effect crosslinking and heat-pressure 
bonding under heat and pressure in vacuum. The heating 
temperature and time may be determined depending on the 
thermal decomposition temperature characteristic of the 
organic peroxide used, but the heating and pressure appli 
cation may be generally completed at a temperature and for 
a period suf?cient to cause at least 90%, more preferably at 
least 95%, of the decomposition. 
[0040] The crosslinking of the ?ller resin may generally be 
determined by measuring a gel content given by the folloW 
ing equation: 

Gel content (Wt. %)=[Insoluble resin Weight/Original 
resin Weight]><100. 
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[0041] More speci?cally, When a ?ller is extracted for, 
e.g., 6 hours With a solvent, such as xylene, in an amount of, 
e.g., 100 ml per g (gram) of the ?ller at a boiling point of 
e.g., 135-145° C. only the non-crosslinked sol portion can be 
dissolved to leave an insoluble gel content. Accordingly, a 
gel content of 100% means the completion of crosslinking. 
The sample remaining after the extraction may be recovered 
to evaporate the xylene therefrom, e.g., at 85° C. for 6 hours 
to selectively recover an insoluble gel matter. A gel content 
may be calculated by substituting the insoluble matter 
Weight and the original sample Weight into the above 
equation. 

[0042] In order to effectively prevent a distortion of the 
?ller resin at an elevated temperature, the ?ller resin may 
preferably have a gel/content as measured in the above 
described manner of at least 70 Wt. %. 

[0043] In order to effectively cause the crosslinking reac 
tion, it is also possible to use a crosslinking agent, such as 
triallyl isocyanurate (TAIC), in an amount of ordinarily 1-5 
Wt. parts per 100 Wt. parts of the ?ller or sealing resin. 

[0044] The ?ller resin as speci?cally mentioned above 
generally has excellent Weatherability but can further con 
tain an ultraviolet absorber for further improved Weather 
ability or for protection of loWer layers. The ultraviolet 
absorber may comprise a knoWn compound but may pref 
erably a loW-volatility ultraviolet absorber in vieW of the 
service environment of the solar cell module. Speci?c 
examples thereof may include ultraviolet absorbers of the 
benZophenone-type, benZotriaZole-type and cyanoacrylate 
type. 

[0045] The addition of a light stabiliZer together With an 
ultraviolet absorber may provide a further light-stable ?ller 
resin. Representative light-stabiliZers may include: hindered 
amine-type light stabiliZers. A hindered amine-type light 
stabiliZer does not absorb ultraviolet rays but exhibits a 
synergistically stabiliZing effect When used in combination 
With an ultraviolet absorber. Other light stabiliZers may also 
be used but may not be as preferred as the hindered 
amine-type light stabiliZer because many of them are col 
ored. 

[0046] The above-mentioned ultraviolet absorber and 
light-stabiliZer may preferably be used in proportions of 
0.1-1.0 Wt. % and 0.05-1.0 Wt. %, respectively, of the ?ller 
resin. 

[0047] The ?ller resin can further contain an antioxidant in 
order to improve the heat resistance and the thermal pro 
cessability. The antioxidant may be of the mono-phenol 
type, bis-phenol type, polymeric phenol type, sulfur type 
and phosphoric acid type. Such an anti-oxidant may pref 
erably be added in 0.05-1.0 Wt. % of the ?ller resin 

[0048] In case Where the solar cell module is used in a 
severe environment, it is preferred to enhance the adhesion 
of the ?ller resin 103 With the surface ?lm 104 and/or the 
loWer layers including the inorganic ?brous sheet 102. For 
this purpose, it is effective to use a silane coupling agent. 
Speci?c examples of the silane coupling agent may include: 
vinyltrichlorosilane, vinyltris([3-methoxyethoxy)silane, 
vinyltriethoxysilane, vinyltrimethoxysilane, y-methacrylox 
ypropyltrimethoxysilane, [3-(3,4-epoxycyclohexyl)ethyltri 
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methoxysilane, y-glycidoxypropylmethyldiethoxysilane, 
N-[3(aminoethyl)-y-aminopropyltrimethoxysilane, N-[3(ami 
noethyl)-y-aminopropylmethyldimethoxysilane, y-amino 
propyltriethoxysilane, N-phenyl-y-aminopropyltrimethox 
ysilane, y-mercaptopropyltrimethoxysilane, and 
y-chloropropyltrimethoxysilane. 
[0049] Such a silane coupling agent may preferably be 
added in an amount of 0.1-3 Wt. parts, more preferably 
0.25-1 Wt. parts, per 100 Wt. parts of the ?ller resin. 

[0050] On the other hand, in order to minimize the attenu 
ation of light quantity reaching the photo-electricity gener 
ating device 101, the ?ller resin 103 has to be essentially 
transparent. More speci?cally, the ?ller resin 103 may 
desirably shoW a transmittance of at least 80%, preferably at 
least 90%, for a visible Wavelength region of 400-800 nm. 
Further, for alloWing easy incidence of light through the 
atmosphere, the ?ller resin 103 may preferably have a 
refractive index at 25° C. of 1.1-2.0, more preferably 1.1 
1.6. 

[0051] The ?ller resin 103 may preferably be provided in 
a sheet form having a thickness suf?cient to provide an 
amount Which is, e.g., 7-23 times that of the inorganic 
?brous sheet 102 for an identical planar siZe. 

[0052] Some EVA sheets for solar cells prepared by form 
ing EVA containing additives as described above into sheets 
are already commercially available. Examples of the com 
mercially available EVA sheets for solar cells may include 
“SOLAR EVA” available from Hi-Sheet Kogyo K.K., 
“EVASAFE WG Series” available from Bridgestone KK. 
and “PHOTOCAP” available from Springborn Laboratories, 
Inc. A commercially available EVA sheet of these suppliers 
may be inserted betWeen a surface ?lm and an inorganic 
?brous sheet covering a photo-electricity generating device 
and pressed under heating to easily provide a solar cell 
module. 

[0053] Surface ?lm 104 

[0054] The surface ?lm 104 constitutes a surface-most 
layer of the solar cell module according to the present 
invention and accordingly is required to exhibit perfor 
mances ensuring a long-term reliability for outdoor exposure 
of the solar cell module, including transparency, Weather 
ability, stain resistance and mechanical strength. The mate 
rial suitably used in the present invention may comprise 
White sheet reinforced glass, a ?uorine-containing resin ?lm 
or acrylic resin ?lm. The White sheet reinforced glass has a 
high transparency, is impact-containing resin ?lm or acrylic 
re?ne ?lm. The White sheet reinforced glass has a high 
transparency, is impact-resistant and is not readily broken, 
so that it has been Widely used as a surfacing material for a 
solar cell module. 

[0055] Recently, hoWever, a module is required to be light 
and ?exible in many cases. In such cases, a ?lm surface 
member is used. Among others, a ?uorine-containing resin 
?lm may preferably be used because of excellent Weather 
ability and stain resistance. Speci?c examples of the ?uo 
rine-containing resin may include polyvinylidene ?uoride 
resin, polyvinyl ?uoride resin and tetra?uoro-ethylene-eth 
ylene copolymer. Polyvinylidene ?uoride is excellent in 
Weatherability, and tetra?uoro-ethylene-ethylene copolymer 
is excellent in harmoniZation of Weatherability and mechani 
cal strength and transparency. The surface ?lm should have 
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a certain thickness in order to ensure a mechanical strength 
and should not be too thick in vieW of the production cost. 
The thickness may preferably be 20-200 pm, more prefer 
ably 30-100 pm. 

[0056] In order to improve the adhesion With the ?ller 
resin 103, one surface (non-exposed surface) of the surface 
?lm may preferably be subjected to corona treatment, 
plasma treatment, oZone treatment, irradiation With UV rays, 
irradiation With electron rays, or ?ame treatment. Among 
these, the plasma discharge treatment is especially suitably 
used because of a large processing speed and a remarkable 
improvement in adhesion by using a relatively simple appa 
ratus. 

[0057] Adhesive 105 

[0058] The adhesive (layer) 105 used on a light non 
receiving side of the module may comprise a material 
similar to that of the ?ller resin 103 disposed on the light 
receiving side. As shoWn in FIGS. 1A and 1B, the adhesive 
layer 105 may desirably be disposed in a smaller area than 
the ?ller resin 103, so that the bending portion of the module 
is caused to have a smaller thickness to facilitate the bending 
operation and provide an improved non-?ammability. 

[0059] The adhesive layer 105 disposed on the light non 
receiving side is rather required not to result in a loWering 
in adhesion of the photo-electricity generating device 101 
With the insulating ?lm 106 and the substrate 107 When 
subjected to light and heat, outdoor use or a temperature 
humidity cycle test than the non-coloration characteristic 
When subjected to light, heat, etc. required on the light 
receiving side. 

[0060] In case Where a coated galvaniZed sheet steel 
coated With an organic polymer and having excellent Weath 
erability and rust resistance is used as a substrate 107, it 
particularly shoWs a Weak adhesion and leaves a problem 
regarding long-term reliability. The coating organic polymer 
may comprise, e.g., polyole?n-based resins, such as ethyl 
ene-vinyl acetate copolymer (EVA), ethylene-methyl acry 
late copolymer (EMA), ethylene-ethyl acrylate copolymer 
(EEA), polyethylene and butyral resin, urethane resin, sili 
cone resin, and ?exible epoxy resin adhesive In such a case, 
it is preferred to apply on the polymer coating an adhesive 
as folloWs. 

[0061] Thus, preferred example of the adhesive used for 
this purpose may include: polyole?n-based resins such as 
ethylene-vinyl acetate copolymer (EVA), ethylene-methyl 
acrylate copolymer (EMA), ethylene-ethyl acrylate copoly 
mer (EEA), and butyral resin, urethane resin, and silicone 
-resin, blended With a tacki?er resin, examples of Which may 
include: coumarone-indene resin, phenol-formaldehyde 
resin, polypentene resin, xylene-formaldehyde resin, poly 
butene, rosin, rosin-pentaerythritol ester, rosin-glycerin 
ester, hydrogenated rosin, hydrogenated rosin methyl ester, 
hydrogenated rosin pentaerythritol ester, hydrogenated rosin 
triethylene glycol ester, polymeriZed rosin ester, aliphatic 
petroleum resin, alicyclic petroleum resin, synthetic poly 
terpene, pentadiene resin, ot-pinene, [3-pinene, dipentene 
resins, and terpene-phenol resin. 

[0062] The adhesive layer 105 may be in a thickness of, 
e.g., 200 pm or larger. 
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[0063] 
[0064] The insulating ?lm 106 is required to ensure elec 
trical insulation betWeen the electroconductive substrate of 
the photo-electricity generating device 101 and the exterior. 
The insulating ?lm 106 is disposed so as not to be present 
at the bending portion of the substrate, thereby suppressing 
a stress occurring at the bending portion and preventing the 
occurrence of ugly White turbidity at the bending portion. 
This is also effective for providing the resultant module With 
an improved Weatherability. The insulating ?lm 106 may 
preferably comprise a material Which ensures a suf?cient 
electrical insulation of the electroconductive substrate, has 
long-term durability durable against thermal expansion and 
thermal shrinkage, and is ?exible. Suitable examples of the 
?lm material may include: nylon, polycarbonate and poly 
ethylene terephthalate. The insulating ?lm 106 may prefer 
ably have a thickness suf?cient to provide a dielectric 
Withstand voltage of at least 10 kV, e.g., ca. 50 pm or larger 
for a polyethylene terephthalate ?lm. In order to simplify the 
lamination process, it is possible to use a laminate sheet 
prepared in advance and including an insulating ?lm 106 
and adhesive layers 105 as described above laminated on 
both sides of the insulating ?lm 106. 

[0065] Substrate 107 

Insulating ?lm 106 

[0066] The substrate 107 is required to ensure a mechani 
cal strength of the solar cell module and prevent the occur 
rence of strain or Warp of the module caused by a tempera 
ture change. More speci?cally, the substrate 107 may 
preferably comprise a steel sheet, a plastic sheet or an FRP 
(?ber-reinforced plastic) sheet. Particularly, a module hav 
ing a steel sheet substrate 107 has excellent processability, 
such as bendability, and can be formulated into a product 
Without including a further step of frame attachment as has 
been exercised heretofore. The module can constitute a solar 
cell module integrated With a roo?ng member or a Walling 
member. This is very advantageous for reducing the pro 
duction cost and simplifying the production step. Further, by 
using a steel sheet coated With an organic polymer resin as 
the substrate, it is possible to provide a highly reliable solar 
cell module excellent in Weather resistance and rust resis 
tance. 

[0067] By forming the substrate 107 in a siZe larger than 
any other layers forming the module except for the ?ller 
resin layer 103 and the surfacemost transparent ?lm 104 
disposed on the light-receiving side, it is possible to provide 
a solar cell module With a readily bendable peripheral 
portion. As a result, the resultant solar cell module is 
provided not only With an excellent initial appearance but 
also With excellent appearance free from peeling or Whit 
ening at the bend even after a long-term outdoor use, thus 
realiZing a highly reliable solar cell module. In case Where 
a ?exible solar cell module is required, the substrate 107 
may comprise a plastic ?lm. 

[0068] Photo-electricity generating device 101 

[0069] The photo-electricity generating device 101 may 
comprise, e.g., a crystalline silicon solar cell, a poly-crys 
talline silicon solar cell, an amorphous silicon solar cell, or 
a compound semiconductor solar cell comprising, e.g., cop 
per-indium-selenide, and need not be particularly limited. 
FIG. 2 is a sectional illustration of such a solar cell including 
a semiconductive photoactive layer (photoconversion mem 
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ber) and a transparent conductor layer. Referring to FIG. 2, 
a solar-cell includes an electroconductive substrate 201, a 
back-side re?ection layer 202, a semiconductive photoactive 
layer 203, a transparent conductor layer 204, a collector 
electrode 205, and an output terminal 206. 

[0070] The electroconductive substrate 201 constitutes a 
substrate of the solar cell and also functions as a loWer 
electrode. The substrate 201 may comprise, e.g., silicon, 
tantalum, molybdenum, tungsten, stainless steel, aluminum, 
copper, titanium, carbon sheet, lead-plated steel sheet, or a 
?lm or ceramic provided With an electroconductive layer. 
The electroconductive substrate 201 may be provided With 
a back-side re?ection layer 202 Which may comprise a metal 
layer, a metal oxide layer, or a laminate of a metal layer and 
a metal oxide layer. The metal layer may comprise, e.g., Ti, 
Cr, Mo, W, Al, Ag or Ni. The metal oxide layer may 
comprise, e.g., ZnO, TiO2 or SnO2. The metal layer and 
metal oxide layer may be formed by, e.g., resistance-heating 
evaporation, electron-beam evaporation, or sputtering. 

[0071] The semiconductive photoconductive layer 203 
is a layer for effecting photo-electric conversion. The 
layer 203 may comprise, e.g., pn-junction polycrystal 
line silicon, pin-junction amorphous silicon, or a com 
pound semiconductor, such as CuInSe2, CuInS, GaAs, 
CdS/CuZS, CdS/CdTe, CdS/InP, or CdTe/CuZTe. The 
semiconductive photoactive layer 203 may for example 
be formed by formation into sheet of fused silicon or 
heat treatment of amorphous silicon in the case of 
polycrystalline silicon; by plasma CVD process for 
amorphous silicon; or by ion plating, ion beam depo 
sition, vacuum evaporation, sputtering or electro-depo 
sition. 

[0072] The transparent conductor layer 204 functions as 
an upper electrode of the solar cell and may comprise, e.g., 

In2O3, SnO2, In2O3-SnO2 (ITO), ZnO, TiO2, CdZSnO4 or 
crystalline semiconductor doped With a high concentration 
of impurities. The transparent conductor layer may be 
formed by resistance-heating evaporation, sputtering, spray 
ing, CVD process, and impurity diffusion. 

[0073] For effective current collection, the transparent 
conductor layer 204 may be provided With a grid-shaped 
collector electrode 205 (grid), Which may comprise, e.g., Ti, 
Cr, Mo, W, Al, Ag, Ni, Cu, Sn, or an electroconductive paste, 
such as silver paste. The collector electrode 205 may be 
formed by, e.g., sputtering, resistance-heating evaporation or 
CVD through a mask pattern, formation of a uniform metal 
?lm by vapor-deposition folloWed by etching of unnecessary 
portions for patterning, direct formation of the grid electrode 
pattern by photo-CVD, plating through a negative pattern 
mask for the grid electrode pattern, or printing of an elec 
troconductive paste. The electroconductive paste may ordi 
narily comprise ?ne poWder of silver, gold, copper, nickel or 
carbon dispersed Within a binder polymer. The binder poly 
mer may comprise, e. g., polyester, epoxy resin, acrylic resin, 
alkyd resin, polyvinyl acetate, rubber, urethane resin or 
phenolic resin. 
[0074] Finally, an output terminal 206 for taking out the 
electromotive force may be af?xed to the electroconductive 
substrate 201 and the collector electrode 205 by bonding a 
metal member 207, such as a copper tab, by spot Welding, 
soldering or application of electroconductive paste. 

[0075] Although, a rather simple solar cell structure has 
been described With reference to FIG. 2, a solar cell 101 can 
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have a more complicated structure, e.g., one including a 
plurality (tWo or three or more) semiconductive photoactive 
layers in lamination for effective photo-electric conversion. 

[0076] A plurality of solar cells prepared in the above 
described manner may be connected in series or in parallel 
to form a block of solar cells so as to provide a desired 
voltage or current. Alternatively, it is also possible to inte 
grate solar cells on an insulated substrate to provide a 
desired voltage or current. 

[0077] Process for preparation of a solar cell module 

[0078] HereinbeloW, a process for producing a solar cell 
module by using a photo-electricity generating device 101, 
an inorganic ?brous sheet 12,. a ?ller resin (layer or sheet) 
103, a transparent surface ?lm 104, adhesive layers 105, a 
insulating ?lm 106 and a substrate 107 as described above. 

[0079] In a conventional solar cell module production 
process, a sequence has been generally adopted such that a 
sheet-form ?ller resin 103 is disposed on both surfaces of a 
photo-electricity generating device 101, and the resultant 
laminate is subjected to heat-pressure bonding. 

[0080] In contrast thereto, the solar cell module according 
to the present invention typically has a laminate structure as 
shoWn in FIGS. 1A and 1B. Thus, a stacked structure 
including a photo-electricity generating device 101, an inor 
ganic ?brous sheet 102, a ?ller resin sheet 103, a surface ?lm 
104, adhesive layers 105, an insulating ?lm 106 and a 
substrate 107 stacked in the order shoWn in FIG. 1A or in 
a reverse order, may be subjected to bonding under appli 
cation of heat and pressure. The order having the surface 
?lm 104 on top as indicated in FIG. 1A is preferred because 
it alloWs a suf?cient coverage of the solar cell 101 With a 
smaller amount of the ?ller resin 103. 

[0081] The heating temperature and time for the pressure 
bonding may be determined so as to cause a sufficient degree 
of crosslinking in the ?ller resin 103. 

[0082] The heat-pressure bonding may be performed by 
appropriate selection of a double-vacuum ejection system, a 
single-vacuum ejection system or a roller lamination system, 
Which per se are knoWn heretofore. The heat-pressure bond 
ing by the single-vacuum evacuation system is particularly 
preferred because it alloWs easy preparation of a solar cell 
module by using an inexpensive apparatus. 

[0083] In case Where the substrate 107 comprises a metal 
sheet, the module sheet after the above-mentioned lamina 
tion step may be subjected to bending of a peripheral 
marginal portion thereof by a bending machine or a roller 
forming machine to provide a bent edge structure, e.g., as 
shoWn in FIG. 1B, suitable for a roo?ng member or a Wall 
member. FIGS. 5A-5C shoW some embodiments of the 
roo?ng member according to the invention. More speci? 
cally, FIG. 5A shoWs a roo?ng member 500 having a 
ridge-side engagement part 501 and an eave-side engage 
ment part 502 Which are engaged With each other in an 
adjacent pair of the members. FIG. 5B shoWs a roo?ng 
member having engaging parts 505 slidably inserted along 
?xing guide rails 504 ?xed on a roof sheathing 503. FIG. 5C 
shoWs roo?ng members each having bent engagement parts 
506 on both sides (i.e., in a similar structure as shoWn in 
FIG. 1B), so that engagement parts 506 of an adjacent pair 
of roo?ng members are secured to each other by engaging 
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them With a cap 507. Each roo?ng member is equipped With 
a photo-electricity generating device 500 on its light-receiv 
ing surface. 

[0084] By thinning the ?ller resin 103 at the bending 
portion, it becomes possible to effect a rather complex form 
of bending and also possible to obviate appearance abnor 
malities such as peeling and Whitening. Further the solar cell 
module shoWn in FIG. 1B forms a projecting region Where 
a photo-electricity generating device 101 is disposed so that 
the device is not readily positioned in the shadoW of the bent 
portion of the module, and the available sunlight time for the 
module in actual use can be increased to provide an 
increased electricity generation. 

[0085] Application to a ventilating apparatus 

[0086] FIG. 6 illustrates an application of a solar cell 
integrated roo?ng member to a ventilating apparatus for a 
house. In FIG. 6, each arroW represents an air stream, and 
external air taken through eaves 601 ?oWs through a space 
604 betWeen a roo?ng 602 and a loWer sheathing 603 and is 
taken into the house from a part 605 close to the ridge. Along 
the air path, a fan F is disposed to How the air. The air 
Warmed in the space 604 is taken into the house in a cold 
season, and discharged through an exhaust port 604 in a hot 
season to improve the insulation performance of the roof. A 
heat accumulation means can be disposed under the ?oor. 

[0087] Electricity generated in the solar cell-integrated 
roo?ng members 602 is introduced into the house through 
the ridge, converted by an inverter I and consumed by a load 
L. The inverter I can be linked With a commercial poWer 
supply system E. 

[0088] HereinbeloW, the present invention Will be 
described based on Examples. 

EXAMPLE 1 

[0089] Amorphous silicon (a-Si) solar cells each having a 
laminate structure as shoWn in FIG. 2 Were prepared and 
formed into a solar cell block as illustrated in FIG. 3. The 
resultant solar cell block 401 Was laminated With other 
members as shoWn in FIG. 4A to form a solar cell module 
having a sectional structure as shoWn in FIG. 4B. 

[0090] First of all, a solar cell Was prepared in the folloW 
ing manner. 

[0091] (1) On a cleaned stainless steel substrate 201, a 500 
nm-thick Al layer and a 500 nm-thick ZnO layer Were 
sequentially formed by sputtering to provide a back-side 
re?ection layer 202. 

[0092] (2) According to the plasma CVD process, a tan 
dem-form a-Si photoelectric conversion semiconductor 
layer 203 having a laminate structure of 15 nm-thick n-layer/ 
400 nm-thick i-layer/ 10 nm-thick p-layer/ 10 nm-thick 
n-layer/80 nm-thick i-layer/ 10 nm-thick p-layer by forming 
the n-type a-Si layer(s) from an SiH4-PH3-H2 mixture gas, 
i-type a-Si layer from an SiH4-H2 mixture gas and the p-type 
microcrystalline (pC)-Si layer from an SiH4-BF3-H2 mixture 
gas. 

[0093] (3) A transparent conductor layer 204 of 70 nm 
thick In2O3 ?lm Was formed by evaporating In by the 
resistance heating method in an O2 atmosphere. 
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[0094] (4) A collector grid electrode 205 Was formed by 
screen printing of silver paste. 

[0095] (5) A negative-side terminal 206b of copper tab 
Was af?xed onto the stainless steel substrate With a solder 
207, and a positive-side terminal 206a in lamination With an 
insulating tape 208 Was af?xed onto the collector electrode 
205 With a solder 207, to complete the preparation of a solar 
cell. 

[0096] Then, a plurality of solar cells prepared through the 
above-mentioned steps (1)-(5) Were connected in series to 
form a cell block having an external siZe of 300 mm><1200 
mm and thickness of 150 pm for the active area and 450 pm 
for the collector electrode part in a manner as Will be 
described With reference to FIG. 3. 

[0097] (6) The plurality of solar cells Were arranged side 
by side and, for a pair of mutually adjacent solar cells, a 
positive-side terminal 305a of one cell and a negative-side 
terminal 305b of the other cell Were connected to each other 
With a copper tab 306 and a solder 308. In this Way, a solar 
cell block including 5 solar cells connected in series Was 
prepared. In this instance, a copper tab connected to the 
output terminal of the solar cell disposed at the edge Was 
extended to a back side to be taken out of a hole formed in 
a back-side coating layer described later. 

[0098] The cell block prepared above Was formulated in a 
laminate solar cell module in a manner as Will be described 
beloW With reference to FIG. 4. 

[0099] (7) A cell block 401 Was sandWiched betWeen an 
inorganic ?brous sheet 402, a ?ller resin sheet 403 and a 
transparent ?lm disposed on a light-receiving side, and a 
back-side integral laminate ?lm 405 and a substrate 406 
disposed on a light non-receiving side to form a stacked 
structure including the members as shoWn in FIG. 4A. 

[0100] (8) Then, the stacked structure Was placed on a 
central part of a base plate in a single vacuum chamber-type 
lamination apparatus. The base plate Was rectangular in 
shape and equipped With a frame-shaped perforated pipe 
af?xed onto a part onto an upper surface along a periphery 
of the base plate so as to surround an inner space for 
accommodating the stacked structure. The perforated pipe 
Was provided With perforations opened into the inner space 
and an exhaust port connected to a vacuum pump. The 
stacked structure Was placed in the inner space on the base 
plate surrounded by the frame-shaped perforated pipe, so 
that the transparent ?lm 404 Was disposed on top, and then 
covered With a rectangular silicone rubber sheet having an 
areal siZe almost equal to that of the base plate so as to make 
the inner space accommodating the stacked structure 
vacuum-tight. 
[0101] (9) Then, the vacuum pump Was operated to evacu 
ate the inner space accommodating the stacked structure and 
such the rubber toWard the base plate so as to press the 
stacked structure onto the base plate. At that time, the inner 
space Was reduced in pressure at a rate of 76 Torr/sec. and 
then evacuated for 30 min. at 5 Torr. 

[0102] (10) The base plate carrying the stacked structure 
covered With the rubber sheet Was placed in a hot gas oven 
having an atmosphere of 150° C. stabiliZed in advance and 
Was held for 30 min. at 150° C. after the plate temperature 
reached 150° C., thereby melting and crosslinking the EVA 
of the ?ller resin sheet 403. 
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[0103] (11) Thereafter, the base plate Was taken out of the 
oven and cooled to ca. 40° C. by supplying air to the plate 
by a fan, When the evaluation Was terminated. Then, the 
laminated structure constituting a solar cell module Was 
taken out. 

[0104] (12) An excess of the coating material extending 
out of the substrate Was cut off along the edge of the 
substance, and edges along the longitudinal sides Were bent. 

[0105] (13) An output terminal Was preliminarily extended 
to the back surface of the cell block and, after the lamination, 
taken out of a terminal take-out hole preliminarily formed in 
the substrate (galveriZed steel sheet). 

[0106] A solar cell module in this Example Was thus 
prepared through the above-mentioned steps (1)-(13). 

[0107] NoW, the explanation of the respective members 
402-408 used for coating the cell block 401 to form the solar 
cell module of this Example Will be supplemented. 

[0108] The inorganic ?brous sheet 402 disposed on the 
light-receiving side comprised 400 pm-thick non-Woven 
glass ?ber sheet having a basis-Weight of 80 g/m2, compris 
ing glass ?ber of 10 pm in diameter and containing 4.0 Wt. 
% of binder acrylic resin. The inorganic ?brous sheet 402 
had siZes larger than the cell block by 5 mm for each side. 

[0109] The ?ller resin sheet 403 comprised 100 Wt. parts 
of ethylene-vinyl acetate copolymer (vinyl acetate content of 
33 Wt. %, melt-?oW rate=30) (?ller resin), 1.5 Wt. parts of 
2,5-dimethyl-2,5-bis(t-butylperoxy)hexane (cross-linking 
agent), 0.3 Wt. part of 2-hydroxy-4-n-octyloxybenZophe 
none (UV-absorber), 0.2 Wt. part of tris(mono-nonylphe 
nyl)phosphite (antioxidant), and 0.1 Wt. part of (2,2,6,6 
tetramethyl-4-piperidyl)sebacate and Was in the form of a 
460 pm-thick sheet. The ?ller resin sheet Was used in siZes 
Which Were larger than the cell block 401 by 90 mm for each 
side. 

[0110] The surface transparent ?lm 404 comprised a 50 
pm-thick non-stretched ethylene-tere?uoroethylene ?lm, 
and a surface thereof for adhesion With the ?ller resin sheet 
403 Was preliminarily subjected to a plasma treatment. The 
transparent surface ?lm 404 had siZes larger than the cell 
block by 90 mm for each side. 

[0111] The back-side integrated laminate ?lm 405 Was 
laminate of an insulating ?lm and adhesive layers. The 
adhesive layers included a 200 pm-thick ethylene-ethyl 
acrylate layer (indicated as “EEA”) and a 25 pm-thick 
polyethylene layer (“PE”), and the insulating ?lm Was a 50 
pm-thick biaxially stretched polyethylene terephthalate ?lm 
(“PET”). These layers Were stacked in the order of EEA/ 
PE/PET/PE/EEA to provide a totally 500 pm-thick inte 
grated laminate ?lm 407, Which Was larger than the cell 
block 401 by 15 mm for each side. 

[0112] The substrate 408 comprised a 400 pm-thick gal 
vaniZed sheet steel (sheet steel plated With Al (55%)/Zn 
(43.4%)/Si (1.6%) alloy) coated With a polyester paint on 
one surface and a glass ?ber-added polyester paint on the 
other surface. The substrate sheet 408 Was provided in siZes 
Which Were larger than those of the cell block 401 by 80 mm 
for each side. 

EXAMPLE 2 

[0113] A solar cell module Was prepared in the same 
manner as in Example 1 except that the back-side integrated 
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laminate ?lm Was replaced by a laminate of EVA/PET/EVA 
(of 230 pm/100 pm/230 pm), wherein EVA Was a ?ller resin 
sheet same as in the ?ller resin sheet 403 disposed on the 
light-receiving side in the module of Example 1 and PET 
Was the same as in Example 1, except for their thicknesses. 

EXAMPLE 3 

[0114] The solar cell module Was prepared in the same 
manner as in Example 1 except for the following modi?ca 
tions. 

[0115] The siZes of the respective member Were changed 
as folloWs. The inorganic ?brous sheet 402 Was larger by 15 
mm for each side, the back-side integrated laminate ?lm 405 
Was larger by 45 mm for each side, the substrate 406 Was 
larger by 80 mm for each side, and the ?ller resin sheet 403 
and the transparent ?lm 404 Were both larger by 90 mm for 
each side, respectively compared With the cell block 401. 

EXAMPLE 4 

[0116] The solar cell module Was prepared in the same 
manner as in Example 1 except for the folloWing modi?ca 
tions. 

[0117] A cell block in layer outer siZes of 300 mm ><2400 
mm Was prepared by increasing the number of solar cells 
connected in series. As the increase in cell block siZe made 
dif?cult the evacuation from the inside of the module, a 100 
pm-thick inorganic ?brous sheet (basis Weight=20 g/m2, 
binder acrylic resin content=4.0%, glass ?ber diameter=10 
um) in a siZe larger by the cell block by 5 mm for each side 
Was inserted betWeen the cell block and the back-side 
integrated laminate ?lm. 

Comparative Example 1 

[0118] The solar cell module Was prepared in the same 
manner as in Example 1 except that the siZes of the respec 
tive member Were changed as folloWs. 

[0119] The substrate 406 Was larger by 80 mm for each 
side, and the other members Were respectively larger by 90 
mm for each side, respectively compared With the cell block 
401. 

Comparative Example 2 

[0120] The solar cell module Was prepared in the same 
manner as in Example 1 except for that the siZes of the 
respective member Were changed as folloWs. 

[0121] The inorganic ?brous sheet 402 Was larger by 90 
mm for each side, the back-side integrated laminate ?lm 405 
Was larger by 15 mm for each side, the substrate 406 Was 
larger by 80 mm for each side, and the ?ller resin sheet 403 
and the transparent ?lm. 404 Were both larger by 90 mm for 
each side, respectively compared With the cell block 401. 

Comparative Example 3 

[0122] The solar cell module Was prepared in the same 
manner as in Example 1 except that the siZes of the respec 
tive member Were changed as folloWs. 

[0123] The inorganic ?brous sheet 402 Was larger by 30 
mm for each side, the back-side integrated laminate ?lm 405 
Was larger by 15 mm for each side, the substrate 406 Was 
larger by 80 mm for each side, and the ?ller resin sheet 403 
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and the transparent ?lm 404 Were both larger by 90 mm for 
each side, respectively compared With the cell block 401. 

Comparative Example 4 

[0124] The solar cell module Was prepared in the same 
manner as in Example 1 except that the siZes of the respec 
tive member Were changed as folloWs. 

[0125] The inorganic ?brous sheet 402 Was larger by 5 
mm for each side, the back-side integrated laminate ?lm 405 
Was larger by 90 mm for each side, the substrate 406 Was 
larger by 80 mm for each side, and the ?ller resin sheet 403 
and the transparent ?lm 404 Were both larger by 90 mm for 
each side, respectively compared With the cell block 401. 

Comparative Example 5 

[0126] A solar cell module Was prepared in the same 
manner as in Example 1 except for using a substrate of FRP 
(?ber-reinforced plastic) instead of the substrate 406 of the 
coated galvaniZed sheet steel used in Example 1. 

[0127] The solar cell modules prepared in the above 
mentioned Examples and Comparative Examples Were 
evaluated With respect to the folloWing items and provided 
the results shoWn in Table 1 appearing hereinafter. 

[0128] (1) Initial appearance 

[0129] The appearance of each solar cell module imme 
diately after the preparation in sheet form and before bend 
ing Was evaluated With eyes according to the folloWing 
standard. 

[0130] A: No defect at all in appearance. 

[0131] B: Some defect in appearance but at a prac 
tically acceptable level. 

[0132] C: Evacuation failure. Remarkable defect in 
appearance, such as curvature of the module. 

[0133] (2) Appearance after bending 
[0134] The appearance of each module after the bending 
along longitudinal sides thereof Was evaluated With eyes. 
The bending Was performed in tWo Ways, i.e., upWard 
bending (bending at 90 deg. to the light-receiving side (as 
shoWn in FIG. 1B)) and doWnWard bending (bending at 90 
deg. to the light non-receiving side). The evaluation Was 
performed according to the folloWing standard. 

[0135] A: No defect at all in appearance. 

[0136] B: Some defect in appearance but at a practically 
acceptable level. 

[0137] C: Remarkable defect in appearance, such as Whit 
ening and peeling. 

[0138] (3) High temperature-high humidity test 

[0139] Each solar cell module Was stored for 1000 hours 
in an environment of 85° C./85%RH and, after taking out, 
the appearance thereof Was evaluated With eyes according to 
the folloWing standard. 

[0140] A: No defect at all in appearance. 

[0141] B: Some defect in appearance but at a practically 
acceptable level. 
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[0142] C: Remarkable defect, such as peeling, discolora 
tion or curvature of the module. 

[0143] Each module, tWo hours after the storage in the 
high temperature—high humidity test, Was subjected to 
measurement to leakage current under a dry hi-pot condition 
(leakage current betWeen the cell and the substrate under 
application of 2200 volts in a dry environment) and a Wet 
hi-pot condition (leakage current for a module dipped in an 
electrolytic solution having a resistivity of 3000 ohm.cm 
under application of 2200 volts betWeen the solar cell and 
the solution). The leakage current evaluations results are 
shoWn in Table 1 according to the folloWing standard. 

[0144] A: <1 MA, 

[0145] B: 21 pA and <50 MA, 

[0146] C: 250 pA. 

[0147] (4) Temperature-humidity cycle test 

[0148] Each solar cell module Was subjected to a tempera 
ture-humidity cycle test of 100 cycles each including storage 
at —40° C. for 1 hour and storage at 85° C./85% RH for 20 
hours. 

[0149] After the cycle test, each solar cell module Was 
evaluated With respect to the appearance and the measure 
ment of leakage currents under the dry hi-pot condition and 
the Wet hi-pot condition in the same manners and according 
to the same standards as after the high temperature—high 
humidity test described above. 

[0150] The results of the respective test are inclusively 
shoWn in the folloWing Table 1. 

TABLE 1 

High temperature/ Temperature-humidity 
high humidity test cycle test 

Appearance Leakage Leakage 
(Ap) current current 

After Dry Wet Dry Wet 
Initial bending Ap. hi-pot hi-pot Ap hi-pot hi-pot 

EX. 1 A A A A A A A A 
EX. 2 A A A A A A A A 
EX. 3 A A A A A A A A 
EX. 4 A A A A A A A A 
Comp. 

EX. 1 A C C A C C A C 
EX. 2 A C‘1 C C C B C C 
EX. 3 A A A C C A C C 
EX. 4 B A C C C C C C 
EX. 5 A A‘2 C A A C A A 

‘lThe module of Comp. EX. 2 caused Whitening after the doWnWard bend 
ing. 
'2The module of Comp. EX. 2 Was not bendable. 

[0151] The results of the above-mentioned test shoWn in 
Table 1 are supplemented as folloWs. 

[0152] (1) All the solar cell modules according to 
EXamples shoWed leakage currents of beloW 1 pA respec 
tively after the high temperature—high humidity test and the 
temperature-humidity cycle test, thus ensuring a suf?cient 
electrical insulation performance. Each module shoWed 
good appearance free from defects, such as evacuation 
failure or peeling, immediately after the preparation and the 
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respective tests. Each module eXhibited eXcellent bendabil 
ity, thus shoWing eXcellent mass-productivity. Each module 
eXhibited eXcellent non-?ammability and Was found to be 
suppliciently applicable as a solar cell module for installa 
tion on the roof or Wall. 

[0153] (2) The module of Comparative EXample 1 
Wherein all the cooling members Were eXtended to the edges 
of the substrate resulted in peeling and Whitening after the 
bending. Further, as the glass ?ber sheet Was present up to 
the edge of the module, the module eXhibited remarkably 
inferior electrical insulation in the measurement of leakage 
current in the Wet environment (the Wet hi-pot condition) 
after the high temperature—high humidity test and the 
temperature-humidity cycle test. Further, as the back-side 
adhesive layers Were also eXtended up to the edge, the 
module Was liable to burn and Was rejected by a combustion 
test. 

[0154] (3) The module of Comparative EXample 2 
Wherein the non-Woven glass ?ber cloth Was eXtended up to 
the substrate edge resulted in Whitening at the bend after the 
doWnWard bending. Further, the module eXhibited remark 
ably inferior electrical insulation after the high tempera 
ture—high humidity test and the temperature—humidity 
cycle test. 

[0155] (4) The module of Comparative EXample 3 
Wherein the non-Woven glass ?ber cloth Was disposed in a 
large siZe then the back-side integrated insulating ?lm 
resulted in good appearance free from any defects but 
eXhibited remarkably inferior electrical insulation after the 
high temperature—high humidity test similarly as in Com 
parative EXample 1. 

[0156] (5) The module of Comparative EXample 4 
Wherein the back-side integrated laminated ?lm Was 
eXtended up to the substrate edge, resulted in evacuation 
failure after the lamination presumably because the surface 
side ?ller resin sheet of EVA and the back-side adhesive 
layer of the integrated laminate ?lm Were bonded in a 
substantial area Without via the glass ?ber non-Woven cloth 
therebetWeen. Further, the module caused a peeling betWeen 
the substrate and the adhesive layer at the bend after the high 
temperature - high humidity test and the temperature— 
humidity cycle test presumably because the stress given by 
the insulating ?lm (PET) at the bend. 

[0157] (6) The module of Comparative EXample 5 
Wherein an FRP Was used as the substrate, did not alloW 
bending. 
[0158] Thus, the above results shoW that the solar cell 
modules of EXamples according to the present invention are 
believed to eXhibit high reliability in a long-term use. 

What is claimed is: 
1. A solar cell module, comprising: a substrate, a photo 

electricity generating device, a ?ller resin sealing the photo 
electricity generating device on the substrate, and a surface 
?lm covering the ?ller resin; Wherein 

an insulating ?lm is inserted betWeen the photo-electricity 
generating device and the substrate so as to be inside 
the substrate, 

an inorganic ?brous sheet is inserted betWeen the photo 
electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 
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the substrate is bent at a portion thereof free from the 
insulating ?lm. 

2. A solar cell module according to claim 1, Wherein the 
inorganic ?brous sheet is disposed to cover an entire area of 
the photo-electricity generating device. 

3. A solar cell module according to claim 1, Wherein the 
?ller resin and/or the surface ?lm are disposed in a larger 
area than the substrate. 

4. A solar cell module according to claim 1, Wherein the 
inorganic ?brous sheet comprises non-Woven glass ?ber 
cloth. 

5. A solar cell module according to claim 1, Wherein the 
insulating ?lm comprises a member selected from the group 
consisting of polycarbonate, polyethylene terephthalate, and 
nylon. 

6. A solar cell module according to claim 1, Wherein an 
adhesive layer is inserted betWeen the photo-electricity 
generating device and the insulating ?lm, and/or betWeen 
the insulating ?lm and the substrate, and the adhesive layer 
is disposed in an area smaller than that of the ?ller resins. 

7. A solar cell module according to claim 1, Wherein said 
insulating ?lm is provided With adhesive layers on both 
surfaces thereof to form an integrated laminate ?lm before 
its insertion betWeen the photo-electricity generating device 
and the substrate. 

8. A roo?ng member, comprising: a substrate, a photo 
electricity generating device, a ?ller resin sealing the photo 
electricity generating device on the substrate, and a surface 
?lm covering the ?ller resin; Wherein 

an insulating ?lm is inserted between the photo-electricity 
generating device and the substrate so as to be inside 

the substrate, 

an inorganic ?brous sheet is inserted betWeen the photo 
electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 

the substrate is bent at a portion thereof free from the 
insulating ?lm. 

9. A roo?ng member according to claim 8, Wherein the 
inorganic ?brous sheet is disposed to cover an entire area of 
the photo-electricity generating device. 

10. A roo?ng member according to claim 8, Wherein the 
?ller resin and/or the surface ?lm are disposed in a larger 
area than the substrate. 

11. A roo?ng member according to claim 8, Wherein the 
inorganic ?brous sheet comprises nonWoven glass ?ber 
cloth. 

12. A roo?ng member according to claim 8, Wherein the 
insulating ?lm comprises a member selected from the group 
consisting of polycarbonate, polyethylene terephthalate, and 
nylon. 

13. A roo?ng member according to claim 8, Wherein an 
adhesive layer is inserted betWeen the photo-electricity 
generating device and the insulating ?lm, and/or betWeen 
the insulating ?lm and the substrate, and the adhesive layer 
is disposed in an area smaller than that of the ?ller resins. 

14. A roo?ng member according to claim 8, Wherein said 
insulating ?lm is provided With adhesive layers on both 
surfaces thereof to form an integrated 10 laminate ?lm 
before its insertion betWeen the photo-electricity generating 
device and the substrate. 

15. Aprocess for producing a solar cell module, compris 
mg: 
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stacking a substrate, an insulating ?lm, a solar cell, an 
inorganic ?brous sheet, a ?ller resin layer and a surface 
?lm in this order to form a stacked body, Wherein said 
insulating ?lm is disposed inside the edge of the 
substrate, and the inorganic ?brous sheet is disposed 
inside the edge of the insulating ?lm, 

heating and pressing the stacked body to form a module 
in the form of an integral laminate sheet having an 
edge, and 

bending a portion along the edge free from the insulating 
?lm of the laminate sheet. 

16. Aprocess according to claim 15, Wherein an adhesive 
layer is included in the stacked body so as to be inserted 
betWeen the photo-electricity generating device and the 
insulating ?lm, and/or betWeen the insulating ?lm and the 
substrate, and the adhesive layer is disposed in an area 
smaller than that of the ?ller resin layer. 

17. A process for producing a roo?ng member, compris 
ing: 

stacking a substrate, an insulating ?lm, a solar cell, an 
inorganic ?brous sheet, a ?ller resin layer and a surface 
?lm in this order to form a stacked body, Wherein said 
insulating ?lm is disposed inside the edge of the 
substrate, and the inorganic ?brous sheet is disposed 
inside the edge of the insulating ?lm, 

heating and pressing the stacked body to form a modulate 
in the form of an integral laminate sheet having an 
edge, and 

bending a portion along the edge free from the insulating 
?lm of the laminate sheet. 

18. An electricity generating apparatus, comprising a solar 
cell module and an inverter for converting an output of the 
solar cell module; 

Wherein the solar cell module comprises a substrate, a 
photo-electricity generating device, a ?ller resin sealing 
the photo-electricity generating device on the substrate, 
and a surface ?lm covering the ?ller resin; Wherein 

an insulating ?lm is inserted betWeen the photo-electricity 
generating device and the substrate so as to be inside 
the substrate, 

an inorganic ?brous sheet is inserted betWeen the photo 
electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 

the substrate is bent at a portion thereof free from the 
insulating ?lm. 

19. A roo?ng method, comprising: ?Xing a plurality of 
roo?ng members onto a roof sheathing by ?Xing means, and 
connecting a pair of mutually adjacent roo?ng members; 

Wherein each roo?ng member comprises a substrate, a 
photo-electricity generating device, a ?ller resin sealing 
the photo-electricity generating device on the substrate, 
and a surface ?lm covering the ?ller resin; Wherein 

an insulating ?lm is inserted betWeen the photo-electricity 
generating device and the substrate so as to be inside 

the substrate, 



US 2001/0054437 A1 

an inorganic ?brous sheet is inserted between the photo 
electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 

the substrate is bent at a portion thereof free from the 
insulating ?lm. 

20. A ventilating apparatus, including a roof shiething, 
and a plurality of roo?ng members ?Xed onto the roof 
sheathing so as to form a space betWeen the sheathing and 
the roo?ng members for introducing eXternal air thereinto, 
and a path for introducing the air in the space into an inside 
of a building and/or a path for discharging the air in the 
space to an outside of the building; 

Wherein each roo?ng member comprises a substrate, a 
photo-electricity generating device, a ?ller resin sealing 
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the photo-electricity generating device on the substrate, 
and a surface ?lm covering the ?ller resin; Wherein 

an insulating ?lm is inserted betWeen the photo-electricity 
generating device and the substrate so as to be inside 

the substrate, 

an inorganic ?brous sheet is inserted betWeen the photo 
electricity generating device and the surface ?lm so as 
to be disposed inside the insulating ?lm, and 

the substrate is bent at a portion thereof free from the 
insulating ?lm. 


