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Patent Document 2: Japanese Laid-open Patent Publica

ENCAPSULATING MATERIAL FOR SOLAR
CELL AND SOLAR CELL MODULE

tion No. 2006-210906

TECHNICAL FIELD

tion No. 2010-258439

Patent Document 3: Japanese Laid-open Patent Publica
The present invention relates to an encapsulating material
for solar cell and a solar cell module.

DISCLOSURE OF THE INVENTION

However, according to the review by the present inventors,
a polyole?n based composition hardly satis?es all the various
properties such as transparency, anti-blocking properties and
moldability at the time of extrusion process. The polyole?n
based copolymer described in Patent Document 2 has prob
lems such that crosslinking properties are not su?icient and
distortion caused by crosslinking is increased. Thus, a glass
substrate might possibly be deformed or broken. Further

BACKGROUND ART

With growing concerns about global environmental issues
and energy issues, a solar cell has been paid attention as an
energy generating means. Such energy is clean with no con
cerns about drying up. When a solar cell is used in outdoor
environment such as on the roof of a building, it is generally
used in the form of a solar cell module.

more, a resin composition for an encapsulating material for

The aforementioned solar cell module is generally pro

duced according to the following procedures. First, a crystal

solar cell consisting of an ethylene/(x-ole?n copolymer

line solar cell element (hereinafter also referred to as the

described in Patent Document 3 is not su?icient in a balance

power generating element or cell, meaning the same) formed
from polycrystalline silicon, monocrystalline silicon or the

between electrical properties and crosslinking properties.

ultra-thin (several micrometers) ?lm made of amorphous sili

The present invention has been accomplished in view of the
problems of the prior arts. An object of the present invention
is to establish a clear guide for achieving desired properties of

con or crystalline silicon onto a substrate of glass or the like,

an encapsulating material for solar cell containing an ethyl

20

like, or a thin ?lm solar cell element obtained by forming an

is manufactured. Next, in order to obtain a crystalline solar
cell module, a protective sheet for a solar cell module (surface

protective sheet), an encapsulating material sheet for solar
cell, a crystalline solar cell element, an encapsulating mate

ene/(x-ole?n copolymer satisfying speci?c requirements, and
25

adhesiveness, ?exibility, heat resistance, appearance,
crosslinking properties, electrical properties and extrusion

rial sheet for solar cell and a protective sheet for a solar cell

module (back surface protective sheet) are laminated in this

moldability.

order. On the other hand, in order to obtain a thin ?lm solar
cell module, a thin ?lm solar cell element, an encapsulating
material sheet for solar cell and a protective sheet for a solar

Meanwhile, with recent spread of sunlight power genera
tion, large-scale power generation systems such as mega solar
power generation systems or the like have been in progress,

cell module (back surface protective sheet) are laminated in
this order. Thereafter, a solar cell module is manufactured
through a lamination method in which the laminated material
is absorbed under vacuum and pressed with heating. Solar

35

cell modules manufactured in this manner are weather-resis
tant and thus are suitable for use in outdoor environment such
as on the roof of a building.
As an encapsulating ?lm material for a solar cell, a ?lm

made of an ethylene/vinyl acetate (EVA) copolymer has been
widely used because it is excellent in transparency, ?exibility
and adhesiveness. For example, Patent Document 1 discloses
an encapsulating ?lm excellent in both adhesiveness and

while there is also a movement to produce a high system
voltage for the purpose of reducing transmission loss or the
like. Due to the increased system voltage, a potential differ
ence between the frame and cell in a solar cell module

becomes great. That is, when the frame of the solar cell
module is generally grounded and the system voltage of a
solar cell array becomes from 600 V to 1,000 V, a potential
40

difference between the frame and cell in a module with the

highest voltage becomes the system voltage of from 600 V to
1,000 V. So, power generation during the day is maintained in
a state that a high voltage is applied. Also, the glass has lower

?lm-forming properties consisting of a crosslinking agent
and an EVA composition containing trimellitate. However,

to provide an encapsulating material for solar cell excellent in
a balance among general properties such as transparency,

electrical resistance than the encapsulating material, so that a
45

high voltage is generated between the glass and cell through

when the EVA composition is used as a constituent material

the frame. In other words, under the circumstances in which

of an encapsulating material for solar cell, there is the risk of

power is generated during the day, for modules connected in
series, potential differences between the cell and module, and
the cell and glass surface are sequentially higher from the
ground side and, in the highest case, a potential difference of
almost high voltage of the system voltage is maintained.

possibly affecting the solar cell element by the component
such as acetic acid gas and other unwanted gas generated by

decomposition of EVA.

50

On the other hand, there has been proposed the use of a

Among solar cell modules used in such a state, there has also
been reported an example of a module using a crystal based

polyole?n based material, particularly an ethylene based
material, as an encapsulating ?lm material, because it is also

excellent in insulation properties (for example, see Patent

Document 2).

55

Meanwhile, there has also been proposed a resin compo
sition for an encapsulating material for solar cell using an
ethylene/(x-ole?n copolymer excellent in a balance between

rigidity and crosslinking properties, and extrusion moldabil
ity (for example, see Patent Document 3).

power generating element and producing a phenomenon
called potential induced degradation (PID) which causes
deterioration of properties by great reduction of output. In
order to solve the problem, occurrence of PID is suppressed

by improving the encapsulating material which is directly
contacted to the solar cell element.

RELATED DOCUMENT

Another object of the present invention is to provide a solar
cell module using the encapsulating material for solar cell.
In order to achieve the above objects, the present inventors

Patent Document

have conducted an extensive study and as a result, have found
that an encapsulating material for solar cell excellent in a

60
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Patent Document 1: Japanese Laid-open Patent Publica
tion No. 2010-53298

balance among general properties such as transparency, adhe

siveness, heat resistance, ?exibility, appearance, crosslinking
properties, electrical properties and extrusion moldability is
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obtained by the use of a speci?c ethylene/(x-ole?n copolymer
satisfying the predetermined requirements such as the content
ratio of ethylene units, density, MFR and shore A hardness.

least one compound selected from the group consisting of an

organic aluminumoxy compound and an organic aluminum

compound.
[8] The encapsulating material for solar cell according to
any one of [1] to [7], including an ethylene resin composition

Furthermore, they have found that crosslinking properties
and electrical properties are further excellent because the
content of the aluminum element satis?es the speci?c range.

containing a silane coupling agent in an amount of 0.1 to 5
weight parts and a crosslinking agent in an amount of 0.1 to 3

Thus, the present invention has been completed.
Furthermore, the present inventors have found that the

weight parts, based on 100 weight parts of the ethylene/0t

volume resistivity measured in accordance with J IS K691 1 is
within the speci?c range and an encapsulating material for
solar cell having all aforementioned various material proper

[9] The encapsulating material for solar cell according to
[8], wherein the ethylene resin composition further contains

ole?n copolymer.
at least one kind selected from the group consisting of an
ultraviolet absorber, a heat-resistant stabilizer and a hindered

ties is further used, whereby deterioration of output of the
solar cell module can be suppressed and occurrence of PID

amine type light stabilizer in an amount of 0.005 to 5 weight

can be greatly suppressed even though a high voltage is
applied between the frame and cell of the solar cell module.
Thus, the present invention has been completed.
That is, according to the present invention, there is pro
vided an encapsulating material for solar cell as illustrated
below.

parts, based on 100 weight parts of the ethylene/(x-ole?n

copolymer.
[10] The encapsulating material for solar cell according to
[8] or [9], wherein the ethylene resin composition further
contains a crosslinking aid in an amount of 0.05 to 5 weight
20

copolymer.

[1] An encapsulating material for solar cell containing an

ethylene/(x-ole?n copolymer satisfying the following
requirements (al) to (a4):
(al) the content ratio of structural units derived from eth
ylene is from 80 to 90 mol % and the content ratio of structural
units derived from (x-ole?n having 3 to 20 carbon atoms is
from 10 to 20 mol %;
(a2) MFR is from 10 to 50 g/10 minutes as measured under
the conditions of a temperature of 190 degrees centi grade and
a load of2.16 kg in accordance with ASTM D1238;

(a3) the density is from 0.865 to 0.884 g/cm3 as measured
in accordance with ASTM D1505; and
(a4) the shore A hardness is from 60 to 85 as measured in
accordance with ASTM D2240.

[2] The encapsulating material for solar cell according to
[1], wherein the encapsulating material for solar cell further

[1 1] The encapsulating material for solar cell according to
any one of [1] to [10], obtained by melt-kneading the ethyl
ene/(x-ole?n copolymer and an additive, and then extrusion
25

30

35

satis?es the following requirement (a5):
40

[3] The encapsulating material for solar cell according to
[1], wherein the ethylene/(x-ole?n copolymer further satis?es
45

(a6) the content of aluminum element in the ethylene/0t
ole?n copolymer is from 10 to 500 ppm.
[4] The encapsulating material for solar cell according to
(a6) the content of aluminum element in the ethylene/0t
ole?n copolymer is from 10 to 500 ppm.
[5] The encapsulating material for solar cell according to
any one of [1] to [4], wherein MFR of the ethylene/(x-ole?n
copolymer is from 10 to 27 g/ 10 minutes as measured under
the conditions of a temperature of 190 degrees centi grade and

50

less than 2 ppm as detected from an extraction liquid after a

any one of [1] to [14], wherein (all) the extracted amount of
55

the ethylene/(x-ole?n copolymer in methyl acetate is equal to
or less than 5.0 weight %.

[16] The encapsulating material for solar cell according to
any one of [1] to [15], wherein the material is in a sheet form.
60

[17] A solar cell module having:
a transparent surface protective member;
a back surface protective member;
a solar cell element; and

(x-ole?n copolymer.

polymerization composed of a metallocene compound, and at

any one of [1] to [13], wherein (a10) the content ratio of
chlorine ion of the ethylene/(x-ole?n copolymer is equal to or

treatment of solid-phase extraction by ion chromatography.
[15] The encapsulating material for solar cell according to

to 5 weight parts, based on 100 weight parts of the ethylene/

mer is polymerized in the presence of a catalyst for ole?n

distribution (Mw/ Mn) of the ethylene/(x-ole?n copolymer is
[14] The encapsulating material for solar cell according to

[6] The encapsulating material for solar cell according to
any one of [1] to [5], wherein organic peroxide having a

[7] The encapsulating material for solar cell according to
any one of [1] to [6], wherein the ethylene/(x-ole?n copoly

ethylene/(x-ole?n copolymer; and [POE] represents a propor
tion (molar fraction) of an (x-ole?n/ ethylene chain contained
in the total dyad chain.
[13] The encapsulating material for solar cell according to
any one of [1] to [12], wherein (a9) the molecular weight

chromatography (GPC).

a load of2.16 kg in accordance with ASTM D1238.

one-minute half-life temperature in the range of 100 to 170
degrees centigrade is further contained in an amount of 0.005

wherein, in the equation (1), [PE] represents a proportion
(molar fraction) of structural units derived from ethylene
contained in the ethylene/(x-ole?n copolymer; [PO] repre

in the range of 1.2 to 3.5 as measured by gel permeation

[2], wherein the ethylene/(x-ole?n copolymer further satis?es

the following requirement (a6):

[12] The encapsulating material for solar cell according to
any one of [1] to [11], wherein, for the ethylene/(x-ole?n
copolymer, (a7) the B value determined from the l3C-NMR
spectrum and the following equation (1) is from 0.9 to 1.5,
and
(a8) the intensity ratio of TaB to Ta (TaB/Taa) in the
l3C-NMR spectrum is equal to or less than 1.5:

from (x-ole?n having 3 to 20 carbon atoms contained in the

K691 1 .

the following requirement (a6):

molding the melt-kneaded mixture in a sheet form.

sents a proportion (molar fraction) of structural units derived

(a5) the volume resistivity is from 1.0><10l3 to 1.0><1018
Q-cm as measured at a temperature of 100 degrees centigrade
with an applied voltage of 500 V in accordance with JIS

parts, based on 100 weight parts of the ethylene/(x-ole?n

65

an encapsulating layer for encapsulating the solar cell ele
ment between the transparent surface protective member and
the back surface protective member to be formed by
crosslinking the encapsulating material for solar cell accord
ing to any one of[1] to [16].

US 8,772,625 B2
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[18] An encapsulating material for solar cell containing a
resin composition, wherein the volume resistivity is from

thereof can be used in combination. Among these, preferable
one is (x-ole?n having equal to or less than 10 carbon atoms,
and notably preferable one is (x-ole?n having 3 to 8 carbon
atoms. Concrete examples of the (x-ole?n include propylene,

1.0><10l3 to 1><10l 8 Q-cm as measured at a temperature of 100

degrees centigrade with an applied voltage of 500 V in accor

1 -butene, 1 -pentene, 1 -hexene, 3 -methyl-1 -butene, 3 ,3 -dim

dance with JIS K6911.

ethyl-1 -butene, 4-methyl-1 -pentene, 1 -octene, 1-decene,

[19] The encapsulating material for solar cell according to

1-dodecene and the like. Among these, preferable ones are

[18], wherein the material is in a sheet form.

[20] A solar cell module having:
a transparent surface protective member;
a back surface protective member;

propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pen

a solar cell element;

random copolymer or a block copolymer, and preferable one

tene and 1-octene from the viewpoint of availability. It should
be noted that, the ethylene/(x-ole?n copolymer may be a

is a random copolymer from the viewpoint of ?exibility.
Hereinafter, the requirements (al) to (a4) will be described.

an encapsulating layer for encapsulating the solar cell ele
ment between the transparent surface protective member and
the back surface protective member to be formed by
crosslinking the encapsulating material for solar cell accord
ing to [18] or [19].
According to the present invention, there is provided an

Requirement (al)
The ratio of structural units derived from (x-ole?n having 3
to 20 carbon atoms contained in the ethylene/(x-ole?n copoly
mer (hereinafter also referred to as the (x-ole?n units) is from
10 to 20 mol %, preferably from 12 to 20 mol %, more
preferably from 12 to 18 mol %, and further preferably from

encapsulating material for solar cell excellent in a balance

among general properties such as transparency, adhesiveness,
?exibility, heat resistance, appearance, crosslinking proper
ties, electrical properties and extrusion moldability by the use
of a speci?c ethylene/(x-ole?n copolymer.

20

to carry out extrusion molding at a low temperature, so that it

According to the present invention, by the use of such an
encapsulating material for solar cell, an excellent balance

among the aforementioned general properties is achieved,

25

damaging the appearance of the solar cell.
Furthermore, by the use of an encapsulating material hav
ing the aforementioned material properties, it is possible to
provide a solar cell module that largely controls occurrence of
PID even though a high voltage applied between the frame
and cell is maintained.

30

?exibility is lowered, so that cells as a solar cell element are
thin ?lm electrodes are cracked in some cases.

On the other hand, in the case where the content ratio of the
35

extruded from an extruder is sticky, so that it is hard to peel off
the attached material at a ?rst chill roll and it is hard to obtain
a sheet of an encapsulating material for solar cell. In addition,
40

Requirement (a2)
45

The melt ?ow rate (MFR) of the ethylene/(x-ole?n copoly
mer is from 10 to 50 g/ 10 minutes, preferably from 10 to 40

50

g/ 10 minutes, more preferably from 10 to 35 g/ 10 minutes,
further preferably from 12 to 27 g/ 10 minutes, and the most
preferably from 15 to 25 g/10 minutes as measured under the
conditions of a temperature of 190 degrees centigrade and a
load of2. 16 kg in accordance withASTM D1238. MFR ofthe

ethylene/(x-ole?n copolymer can be adjusted by controlling

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of the present invention will be
described below. It should be noted that, “to” represents from

the sheet becomes sticky and is thus blocked, so that feeding
property of the sheet tends to be worsened. Furthermore, the
crosslinking becomes insuf?cient, so that there is the risk of

lowering heat resistance.

present invention.
FIG. 2 is a plan view schematically illustrating a con?gu
ration of a light-incident surface and a back surface of the
solar cell element.

(x-ole?n units exceeds 20 mol %, the crystallization rate of the

ethylene/(x-ole?n copolymer is slowed down. The sheet

description of certain preferred exemplary embodiments
taken in conjunction with the accompanying drawings, in
which:
FIG. 1 is a cross sectional view schematically illustrating
one exemplary embodiment of a solar cell module of the

(x-ole?n copolymer, a crosslinking reaction proceeds in an
extruder and a gelatinous foreign substance is generated on
the sheet of an encapsulating material for solar cell, so that the
appearance of the sheet tends to be worsened. In addition, the

cracked during lamination molding of a solar cell module or

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more apparent from the following

is necessary to carry out extrusion molding at a high tempera
ture, for example, equal to or more than 130 degrees centi

grade. When organic peroxide is kneaded into the ethylene/

and in addition thereto, it is possible to avoid a trouble such
that the encapsulating material is deformed even though the
temperature is increased during usage of a solar cell module.
It is possible to provide a solar cell module excellent in
economic e?iciency such as the costs or the like without

13 to 18 mol %. In the case where the content ratio of the

(x-ole?n units is less than 10 mol %, crystallization is high so
that transparency tends to be lowered. Furthermore, it is hard

the polymerization temperature and polymerization pres sure
during the polymerization reaction to be described later, and
55

the molar fraction of the monomer concentration of ethylene

“equal to or more than” to “equal to or less than” unless

and (x-ole?n to hydrogen concentration in the polymerization

otherwise speci?cally noticed.

system.

1. Encapsulating Material for Solar Cell
The encapsulating material for solar cell of the present
invention contains an ethylene/(x-ole?n copolymer satisfying

?owability of the resin composition containing an ethylene/

In the case where MFR is less than 10 g/ 10 minutes, the
60

the following speci?c requirements.

(x-ole?n copolymer is reduced, so that the productivity at the
time of sheet extrusion molding is lowered. Furthermore,

Ethylene-(x-Ole?n Copolymer

scorch of the resin composition becomes more likely to take

The ethylene/(x-ole?n copolymer used for the encapsulat

place, thus facilitating gelation. This may increase the extrud

ing material for solar cell of the present invention is obtained

by copolymerizing ethylene with (x-ole?n having 3 to 20
carbon atoms. As (x-ole?n, usually, one (x-ole?n having 3 to
20 carbon atoms alone can be used, or two or more kinds

65

er’ s torque, which makes it di?icult to carry out sheet molding
in some cases. Even when a sheet is obtained, gels generated
in the extruder may create irregularities on the sheet surface
which deteriorate the appearance in some cases. Moreover,

US 8,772,625 B2
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application of a voltage causes cracks around gels inside the

accordance with ASTM D2240. The shore A hardness of the

sheet, thus reducing the dielectric breakdown voltage. Fur

ethylene/(x-ole?n copolymer may be adjusted by controlling

thermore, moisture permeation becomes likely to occur at the

the content ratio of ethylene units and the density of the
ethylene/(x-ole?n copolymer to the numerical ranges to be

gel interface, thus moisture permeability degrade. Irregulari
ties formed on the sheet surface reduce its adhesion to glass,
a cell, an electrode and a backsheet during the lamination
process of a solar cell module, thus resulting in poor adhesion.
On the other hand, in the case where MFR exceeds 50 g/10

described later. In other words, in case of an ethylene/(x-ole?n

minutes, the resin composition is attached to the surface of the

ratio of ethylene units and low density, the shore A hardness
is lowered.

copolymer with high content ratio of ethylene units and high
density, the shore A hardness is increased. On the other hand,
in case of an ethylene/(x-ole?n copolymer with low content

chill roll or other member due to low molecular weight, thus
making it dif?cult to form a sheet having a uniform thickness

In the case where the shore A hardness is less than 60, the

due to the necessity of removing the attached material. More
over, since the resin composition is not chewy, it tends to be

crystallization speed of the ethylene/(x-ole?n copolymer is
slowed down. The sheet extruded from an extruder is sticky,

dif?cult to form a thick sheet having a thickness of equal to or

so that it tends to be hard to peel off the attached material at a
?rst chill roll and it tends to be hard to obtain a sheet of an

more than 0.3 mm. Furthermore, crosslinking properties (par

ticularly crosslinking rate) at the time of lamination molding
of a solar cell module are lowered, so that a crosslinked body

is not fully obtained and heat resistance tends to be lowered.
In the case where MFR is equal to or less than 27 g/10
minutes, a wide sheet is formed by suppressing neck-in at the

20

encapsulating material for solar cell. Also, the sheet becomes
sticky and is thus blocked, so that feeding property of the
sheet tends to be worsened. Also, the crosslinking becomes
insuf?cient, so that there is the risk of lowering heat resis

time of sheet molding, and crosslinking properties and heat

tance.

resistance are further improved, so that the most excellent
sheet of an encapsulating material for solar cell can be

exceeds 85, crystallinity is high so that transparency tends to

On the other hand, in the case where the shore A hardness

obtained.

Requirement (a3)

25

The density of the ethylene/(x-ole?n copolymer is from
0.865 to 0.884 g/cm3, preferably from 0.866 to 0.883 g/cm3,
more preferably from 0.866 to 0.880 g/cm3 , and further pref
erably from 0.867 to 0.880 g/cm3 as measured in accordance

be lowered. Furthermore, it is hard to carry out extrusion
molding at a low temperature, so that it is necessary to carry

out extrusion molding at a high temperature, for example,
equal to or more than 130 degrees centigrade. When organic
peroxide is kneaded into the ethylene/(x-ole?n copolymer, a
crosslinking reaction proceeds in an extruder and a gelatinous
foreign substance is generated on the sheet of an encapsulat
ing material for solar cell, so that the appearance of the sheet
tends to be worsened. Also, the ?exibility is lowered, so that

with ASTM D1505. The density of the ethylene/(x-ole?n
copolymer may be adjusted by a balance between the content
ratio of ethylene units and the content ratio of (x-ole?n units.
Namely, when the content ratio of ethylene units is increased,
crystallinity is increased. Thus, an ethylene/(x-ole?n copoly

30

mer with high density can be obtained. On the other hand,

35 cracked in some cases.

cells as a solar cell element are cracked during lamination
molding of a solar cell module or thin ?lm electrodes are

Meanwhile, it is preferable that the encapsulating material

when the content ratio of ethylene units is decreased, crystal
linity is lowered. Thus, an ethylene/(x-ole?n copolymer with

for solar cell of the present invention further satis?es the

following requirements (a5) to (all).

low density can be obtained.
In the case where the density of the ethylene/(x-ole?n

copolymer exceeds 0.884 g/cm3, crystallinity is increased so

Requirement (a5)
40

For the encapsulating material for solar cell of the present

that transparency tends to be lowered. Furthermore, it is hard

invention, the volume resistivity is preferably from l.0><10l3

to carry out extrusion molding at a low temperature, so that it

to l.0><1018 Q-cm as measured at a temperature of 100

is necessary to carry out extrusion molding at a high tempera
ture, for example, equal to or more than 130 degrees centi

degrees centigrade with an applied voltage of 500V in accor
dance with JIS K6911. The encapsulating material for solar

grade. When organic peroxide is kneaded into the ethylene/

45

(x-ole?n copolymer, a crosslinking reaction proceeds in an
extruder and a gelatinous foreign substance is generated on
the sheet of an encapsulating material for solar cell, so that the
appearance of the sheet tends to be worsened. Also, the ?ex
ibility is lowered, so that cells as a solar cell element are

cell with small volume resistivity tends to have a character

istic of easily causing PID. Furthermore, at a period of time
when sunlight is irradiated, the module temperature of a
conventional solar cell module is, for example, equal to or
more than 70 degrees centigrade, so that there is demanded,
50

from the viewpoint of long-term reliability, the volume resis

broken during lamination molding of a solar cell module or

tivity under a higher temperature condition than the volume

thin ?lm electrodes are cracked in some cases.

resistivity at a normal temperature (23 degrees centigrade)
which is conventionally reported, and the volume resistivity
at a temperature of 100 degrees centigrade becomes impor

On the other hand, in the case where the density of the

ethylene/(x-ole?n copolymer is less than 0.865 g/cm3, the
crystallization speed of the ethylene/(x-ole?n copolymer is

55 tant.

The volume resistivity is preferably from l.0><10l4 to 1.0x
1018 Q-cm, further preferably from 5.0><10l4 to l.0><1018
Q-cm, and most preferably from l.0><1015 to l.0><1018 Q-cm.

slowed down. The sheet extruded from an extruder is sticky,
so that it tends to be hard to peel off the attached material at a
?rst chill roll and it tends to be hard to obtain a sheet of an

encapsulating material for solar cell. Also, the sheet becomes
sticky and is thus blocked, so that feeding property of the
sheet tends to be worsened. Also, the crosslinking becomes
insuf?cient, so that there is the risk of lowering heat resis

In the case where the volume resistivity is less than l.0><
60

perature of 85 degrees centigrade and 85% rh, a PID phenom
enon tends to occur in a short period of time of about 1 day. In

the case where the volume resistivity exceeds 1 .0><1018 Q-cm,

tance.

Requirement (a4)
The shoreA hardness of the ethylene/(x-ole?n copolymer is
from 60 to 85, preferably from 62 to 83, more preferably from
62 to 80, and further preferably from 65 to 80 as measured in

10l3 9cm, in a constant temperature/humidity test at a tem

static electricity is applied to the sheet, dust is easily attached,
65

and dust is entrained into the solar cell module, so that the

power generation ef?ciency and long-term reliability tend to
be lowered.

US 8,772,625 B2
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fraction of structural units derived from (x-ole?n having 3 to
20 carbon atoms contained in the ethylene/(x-ole?n copoly
mer; and [POE] represents the molar fraction of an (x-ole?n/

It should be noted that, in the case where the volume

resistivity exceeds 5 .0><10l4 Q-cm, in a constant temperature/
humidity test at a temperature of 85 degrees centigrade and
85% rh, a PID phenomenon tends to be prolonged.
The volume resistivity is measured after molding the
encapsulating material into a sheet, crosslinking the sheet

ethylene chain contained in the total dyad chain.
The B value is an index which represents the distribution of

the ethylene units and (x-ole?n units in the ethylene/(x-ole?n
copolymer. The B value is determined according to the pro
cedures reported by J. C. Randall (Macromolecules, 15, 353

with a vacuum laminator, a hot press, a crosslinking furnace

or the like, and processing it into a smooth sheet. Also, the
volume resistivity of the sheet in a module laminate is mea

(1982)) and J. Ray (Macromolecules, 10, 773 (1977)).

sured by removing additional layers.

A higher B value indicates that the copolymer contains less
ethylene units or less block chain units of the (x-ole?n copoly

Requirement (a6)
The content of aluminum element (hereinafter referred to

mer, has a more uniform distribution of ethylene units and
(x-ole?n units, and has a narrower composition distribution of

as Al) (amount of residue) contained in the ethylene/(x-ole?n
copolymer is preferably from 10 to 500 ppm, more preferably
from 20 to 400 ppm, and further preferably from 20 to 300
ppm. The Al content is dependent on the concentration of an

a copolymer rubber. It should be noted that, the B value of less
than 0.9 indicates that the ethylene/(x-ole?n copolymer has a

organic aluminumoxy compound or an organic aluminum
compound which is added in the polymerization process of
the ethylene/(x-ole?n copolymer. in the case where the Al

units of ethylene are increased and extrusion molding at a low
temperature becomes dif?cult, so that it is necessary to carry

content is less than 10 ppm, the concentration of the organic

wider composition distribution. Particularly, block chain

20

aluminumoxy compound or the organic aluminum compound
added in the polymerization process of the ethylene/(x-ole?n
copolymer is reduced, the activity of a metallocene com
pound is not fully exhibited and it is necessary to add a

compound that forms ion pairs by reaction with the metal
locene compound. The compound that forms ion pairs
remains in the ethylene/(x-ole?n copolymer, whereby electri
cal properties tend to be deteriorated. The electrical proper
ties at a high temperature, for example, 100 degrees centi
grade tend to be lowered. In addition, in order to reduce the Al
content, it is necessary to carry out decalci?cation with acid
or alkali, and the acid or alkali remained in the obtained
ethylene/(x-ole?n copolymer tends to cause corrosion of elec
trodes. The costs involved in the ethylene/(x-ole?n copolymer
are increased due to the decalci?cation process.

On the other hand, in the case where the Al content exceeds
500 ppm, a crosslinking reaction proceeds in an extruder and
a gelatinous foreign substance is generated on the sheet of an
encapsulating material for solar cell, so that the appearance of
the sheet tends to be worsened.
As described above, as a method of controlling the alumi

num element contained in the ethylene/(x-ole?n copolymer,
for example, the aluminum element contained in the ethylene/
(x-ole?n copolymer may be controlled by adjusting the con
centration in the production step of an organic aluminumoxy

25

out extrusion molding at a high temperature, for example,
equal to or more than 130 degrees centigrade. When organic
peroxide is kneaded into the ethylene/(x-ole?n copolymer, a
crosslinking reaction proceeds in an extruder and a gelatinous
foreign substance is generated on the sheet of an encapsulat
ing material for solar cell, so that the appearance of the sheet
tends to be worsened.

Requirement (a8)
The intensity ratio of TaB to Tact (TaB/Taa) of the eth

ylene/(x-ole?n copolymer in the l3C-NMR spectrum is pref
30

erably equal to or less than 1.5, further preferably equal to or
less than 1.2, particularly preferably equal to or less than 1.0,
and most preferably less than 0.7. TaB/Taa can be adjusted

by changing a polymerization catalyst during polymerization
35

of the ethylene/(x-ole?n copolymer. More speci?cally, it is
possible to obtain an ethylene/(x-ole?n copolymer having
TaB/Taa in the aforementioned numerical range by the use
of a metallocene compound to be described later.
Tact and TaB in the l3C-NMR spectrum are each a peak

40

intensity of CH2 in the structural unit derived from (x-ole?n
having equal to or more than 3 carbon atoms. More speci?

cally, they mean peak intensities each of two kinds of CH2
which are different in positions to the tertiary carbon as shown

in the following general formula (3).
45

compound (11-1) and an organic aluminum compound (ll-2)
described in the method for producing an ethylene/(x-ole?n
copolymer to be described later, or the polymerization activ
ity of the metallocene compound under the production con

ditions of the ethylene/(x-ole?n copolymer.

[Chemical Formula 1]

50

Requirement (a7)
The B value of the ethylene/(x-ole?n copolymer deter
mined from the 13 C-NMR spectrum and the following equa
tion (1) is preferably from 0.9 to 1.5, more preferably from 0.9

to 1.3, further preferably from 0.95 to 1.3, particularly pref

55

erably from 0.95 to 1.2, and the most preferably from 1.0 to
1.2. The B value can be adjusted by changing a polymeriza

TaB/Taa can be determined in the following manner. A

tion catalyst during polymerization of the ethylene/(x-ole?n

l3C-NMR spectrum of the ethylene/(x-ole?n copolymer is
measured using an NMR measuring apparatus (for example,

copolymer. More speci?cally, by the use of a metallocene
compound to be described later, it is possible to obtain an
ethylene/(x-ole?n copolymer with the B value in the above
numerical range:

wherein, in the equation (1), [PE] represents the molar

60

product name: JEOL-GX270 manufactured by JEOL Ltd.).
The measurement is carried out using a mixed solution of

hexachlorobutadiene and d6-benzene (hexachlorobutadiene/
d6-benzene:2/ 1 (volume ratio)) adjusted to a sample concen
tration of 5 weight %, under the conditions of 67.8 MHz, 25
65

degrees centigrade and d6-benzene (128 ppm) basis. The

fraction of structural units derived from ethylene contained in

13 C-NMR spectrum thus measured is analyzed in accordance

the ethylene/(x-ole?n copolymer; [PO] represents the molar

with proposals of Lindemann Adams (Analysis Chemistry,

US 8,772,625 B2
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43, p 1245 (1971)) and J. C. Randall (Review Macromolecu
lar Chemistry Physics, C29, 201 (1989)) to determine a TaB/
Tact intensity ratio.
The intensity ratio of TaB to Tact (TaB/Taa) in the 13 C
NMR of the ethylene/(x-ole?n copolymer represents the coor
dination state of (x-ole?n to a polymerization catalyst during
the polymerization reaction. When the (x-ole?n is coordi
nated to a polymerization catalyst in a TaB type, substituent
groups of (x-ole?n hinder the polymerization growth reaction
of the polymer chain, and growth of the low molecular weight
component tends to be promoted. The sheet becomes sticky
and is thus blocked, so that feeding property of the sheet tends
to be worsened. Furthermore, since the low molecular weight

1,0005Mws4x106, polystyrenes manufactured by Pressure

raphy. The content ratio of chlorine ion can be adjusted by
controlling the structure and polymerization conditions of a
metallocene compound to be described later. That is, the

component is bled on the sheet surface, adhesion is hindered
and adhesiveness is lowered.

amount of catalyst residue in the ethylene/(x-ole?n copolymer
is reduced by increasing the polymerization activity of the

Chemical Co., Ltd. are used as standards. The molecular

weight is a value in terms of the ethylene/(x-ole?n copolymer
for respective (x-ole?ns using a universal calibration curve.

Requirement (a10)
The content ratio of chlorine ion of the ethylene/(x-ole?n
copolymer is preferably equal to or less than 2 ppm, further
preferably equal to or less than 1.5 ppm, and particularly
preferably equal to or less than 1.2 ppm, as detected from an

extract subjected to solid-phase extraction by ion chromatog

Requirement (a9)

catalyst, so that it is possible to obtain an ethylene/(x-ole?n
copolymer with the content ratio of chlorine ion in the above
numerical range.

Molecular Weight Distribution (Mw/ Mn)
For the ethylene/(x-ole?n copolymer, the molecular weight
distribution (Mw/Mn) represented by a ratio of the weight
average molecular weight (Mw) to the number average
molecular weight (Mn) is preferably in the range of 1.2 to 3 .5,
more preferably in the range of 1.7 to 3.0, further preferably
in the range of 1.7 to 2.7, and particularly preferably in the
range of 1.9 to 2.4, as measured by gel permeation chroma

tography (GPC). The molecular weight distribution (Mw/
Mn) of the ethylene/(x-ole?n copolymer can be adjusted by

In the case where the content ratio of chlorine ion in the
20

reliability of the solar cell module is lowered in some cases. It

is possible to obtain an ethylene/(x-ole?n copolymer substan
25

using a metallocene compound to be described later during

polymerization.

tially free from chlorine ion by the use of a metallocene
compound without containing a chlorine atom.
The content ratio of chlorine ion in the ethylene/(x-ole?n
copolymer can be measured with an ion chromato graph appa
ratus (product name: ICS-2000 manufactured by Dionex Cor

poration) using an extract obtained by accurately weighing

In order to make Mw/Mn less than 1.2, the catalyst activity

for living polymerization of the ethylene/(x-ole?n copolymer

ethylene/(x-ole?n copolymer exceeds 2 ppm, electrodes con
sisting of silver or the like are corroded, so that long-term

30

about 10 g of the ethylene/(x-ole?n copolymer in a glass

is not achieved. Or, it is necessary to separate the low molecu

container that is sterilized and washed using an autoclave or

lar weight component and the high molecular weight compo

the like, adding 100 ml of ultra pure water for tightly sealing
the container, and then carrying out ultrasonic wave (38 kHz)

nent of the ethylene/(x-ole?n copolymer obtained in a poly
merization method known in the art, so that the production
costs are increased. The molding temperature width is also
narrowed and the discharge amount at an extruder is hardly

extraction at a normal temperature for 30 minutes.
35

uniformed either, so that a sheet having a uniform thickness is

hardly formed and the sheet tends to be hardly molded.
On the other hand, in the case where Mw/ Mn exceeds 3 .5,
since the low molecular weight component is increased, the
sheet becomes sticky and is thus blocked. So, feeding prop
erty of the sheet tends to be worsened. Furthermore, it has
been known that, in general, when the molecular weight

40

of extraction in methyl acetate means that a lot of low molecu

lar weight component is contained in the ethylene/(x-ole?n
copolymer, and the molecular weight distribution or the com

distribution (Mw/ Mn) becomes wide, the composition distri
bution also becomes wide. The sheet becomes sticky and is
thus blocked, so that feeding property of the sheet tends to be
worsened. In addition, since the low molecular weight com
ponent is bled on the sheet surface, adhesion is hindered and
adhesiveness is lowered.
In the present speci?cation, the ratio (Mw/Mn) of the
weight average molecular weight (Mw) to the number aver

Requirement (a1 1)
The extracted amount of the ethylene/(x-ole?n copolymer
in methyl acetate is preferably equal to or less than 5 .0 weight
%, more preferably equal to or less than 4.0 weight %, further
preferably equal to or less than 3.5 weight %, and particularly
preferably equal to or less than 2.0 weight %. A large amount

position distribution is broad. Therefore, it is possible to
45

obtain an ethylene/(x-ole?n copolymer with a small amount

of extraction in methyl acetate by controlling the polymer
ization conditions using a metallocene compound to be
described later.

For example, if the metallocene compound with reduced
50

polymerization activity by shortening the polymerization
time in a polymerization reactor is taken out of the polymer

age molecular weight (Mn) is measured using gel permeation

ization system, generation of the low molecular weight com

chromatograph (product name: Alliance GPC-2000 manu

ponent is suppressed. In the case where the extracted amount

factured by Waters Co., Ltd.) in the following manner. Sepa
ration columns are two TSngl GMH6-HT columns and two
TSngl GMH6-HTL columns. The columns have an internal
diameter of 7.5 mm and a length of 300 mm. The column

temperature is 140 degrees centigrade. The mobile phase is
o-dichlorobenzene (a product of Wako Pure Chemical Indus
tries, Ltd.), and 0.025 weight % of BHT (a product of Takeda

55

distribution (Mw/ Mn) becomes wide, the composition distri
60

Pharmaceutical Co., Ltd.) is used therewith as an antioxidant.
The mobile phase is passed at a rate of 1.0 ml/minute. The

sample concentration is 15 mg/ 10 ml and the amount of
sample injected is 500 pl. A differential refractometer is used
as a detector. For molecular weights of Mwsl,000 and

sz4><106, polystyrenes manufactured by Tosoh Corpora
tion are used as standards. For molecular weights of

in methyl acetate by the Soxhlet extraction method exceeds
5 .0 weight %, the sheet becomes sticky and is thus blocked, so
that feeding property of the sheet tends to be worsened. It has
been known that, in general, when the molecular weight

65

bution also becomes wide. The sheet becomes sticky and is
thus blocked, so that feeding property of the sheet tends to be
worsened. Furthermore, since the low molecular weight com
ponent is bled on the sheet surface, adhesion is hindered and
adhesiveness is lowered.
The extracted amount of the copolymer in methyl acetate is
calculated from the weight differences in the ethylene/0t

ole?n copolymer before and after extraction by accurately
weighing about 10 g of the ethylene/(x-ole?n copolymer,

US 8,772,625 B2
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using an organic solvent as a poor solvent of the ethylene/0t

ing of ethylene and (x-ole?n having 3 to 20 carbon atoms, a

ole?n copolymer having a low boiling point such as methyl
acetate, methyl ethyl ketone or the like, and carrying out

medium-density ethylene resin, an ultra-low-density ethyl

high-density ethylene resin, a low-density ethylene resin, a

Soxhlet extraction at a temperature of equal to or more than

ene resin, a propylene (co)polymer, a l-butene (co)polymer, a

the boiling point of each solvent, or the amount of residue by

4-methylpentene-l (co)polymer, an ethylene/cyclic ole?n
copolymer, an ethylene/(x-ole?n/cyclic ole?n copolymer, an

volatiliZing an extraction solvent.

Melting Peak
The melting peak of the ethylene/(x-ole?n copolymer is

ethylene/(x-ole?n/non-conjugated polyene copolymer, an
ethylene/(x-ole?n/conjugated polyene copolymer, an ethyl
ene/aromatic vinyl copolymer, an ethylene/ (x-ole?n/aromatic

present preferably in the range of 30 to 90 degrees centigrade,
further preferably in the range of 33 to 90 degrees centigrade,
and particularly preferably in the range of 33 to 88 degrees
centigrade, as measured by differential scanning calorimetry
(DSC). In the case where the melting peak exceeds 90 degrees
centigrade, the degree of crystallinity is high and the ?exibil
ity of the obtained encapsulating material for solar cell is low,

vinyl copolymer and the like; ethylene/unsaturated carboxy
lic acid copolymers such as an ethylene/unsaturated anhy

drous carboxylic acid copolymer, an ethylene/(x-ole?n/unsat
urated anhydrous carboxylic acid copolymer, an ethylene/
epoxy-containing unsaturated compound copolymer, an

ethylene/(x-ole?n/epoxy-containing unsaturated compound
copolymer, an ethylene/vinyl acetate copolymer, an ethylene/
acrylic acid copolymer, an ethylene/methacrylic acid copoly
mer and the like; ethylene/unsaturated carboxylic acid ester
copolymers such as an ethylene/ethyl acrylate copolymer, an

so that cells are cracked during lamination molding of a solar
cell module or thin ?lm electrodes are cracked in some cases.

On the other hand, in the case where the melting peak is less
than 30 degrees centigrade, the ?exibility of the resin com
position is excessively increased, so that it is hard to obtain a
sheet of an encapsulating material for solar cell by extrusion
molding in some cases. Also, the sheet becomes sticky and is
thus blocked, so that feeding property of the sheet tends to be
worsened.

20

The encapsulating material for solar cell of the present
invention also has the following aspects.
According to a second aspect of the encapsulating material
for solar cell of the present invention, the volume resistivity is

25

polymer, a (meth)acrylic acid ester (co)polymer, an ethylene/
acrylic acid metal salt copolymer, an ethylene/methacrylic
acid metal salt copolymer and the like; urethane based resins,

copolymers, ethylene/aromatic vinyl compound/aromatic
30

polyene copolymers, styrene based resins, acrylonitrile/buta
diene/ styrene copolymers, styrene/conjugated diene copoly
mers, acrylonitrile/ styrene copolymers, acrylonitrile/ethyl

ene/(x-ole?n/non-conjugated polyene/styrene copolymers,
acrylonitrile/ethylene/(x-ole?n/conjugated polyene/styrene
35

In the case where the volume resistivity is less than 1.0x
10l3 9cm, in a constant temperature/humidity test at a tem

perature of 85 degrees centigrade and 85% rh, a PID phenom
enon tends to occur in a short period of time of about 1 day. In
the case where the volume resistivity exceeds l.0><10l 8 Q-cm,

silicone based resins, acrylic acid based resins, methacrylic
acid based resins, cyclic ole?n (co)polymers, (x-ole?n/aro

matic vinyl compound/ aromatic polyene copolymers, ethyl
ene/(x-ole?n/aromatic vinyl compound/aromatic polyene

from 1 .0><10l3 to l.0><10l 8 Q-cm as measured at a temperature

of 100 degrees centigrade with an applied voltage of 500V in
accordance with JIS K6911, and the encapsulating material
for solar cell is composed of a resin composition.
The volume resistivity is preferably from l.0><10l4 to 1.0x
1018 Q-cm, further preferably from 5.0><10l4 to l.0><1018
Q-cm, and most preferably from l.0><1015 to l.0><1018 Q-cm.

ethylene/methyl methacrylate copolymer and the like; iono
mer resins such as an unsaturated carboxylic acid ester (co)

40

copolymers, methacrylic acid/ styrene copolymers, ethylene
terephthalate resins, ?uorine resins, polyester carbonate,
polyvinyl chloride, polyvinylidene chloride, polyole?n ther
moplastic elastomer, polystyrene thermoplastic elastomer,

polyurethane thermoplastic elastomer, l,2-polybutadiene
thermoplastic elastomer, trans-polyisoprene thermoplastic

static electricity is applied to the sheet, dust is easily attached,

elastomer, chlorinated polyethylene thermoplastic elastomer,

and dust is entrained into the solar cell module, so that the

liquid crystalline polyester, polylactic acid and the like.

power generation ef?ciency and long-term reliability tend to

It is preferable that these resins are produced without sub

be lowered.
In the case where the volume resistivity exceeds 5.0><10l4

stantially using a compound that forms ion pairs by reaction
45

with a metallocene compound to be described later. Or, it is

9cm, in a constant temperature/humidity test at a tempera

preferable that the produced resin is subjected to decalci?ca

ture of 85 degrees centigrade and 85% rh, the time until a PID
phenomenon occurs tends to be prolonged to 240 hours and

tion process with acid or the like to reduce the metal compo
nent or ion content. The volume resistivity is equal to or more

further 500 hours or longer. In the same manner, in the case

where the volume resistivity exceeds 5.0><10l4 Q cm, the time

50

until a PID phenomenon occurs under a high temperature of

from 100 degrees centigrade to a temperature exceeding 100

degrees centigrade tends to be prolonged. Furthermore, the
time until a PID phenomenon occurs under a high voltage of
from 1,000V to a voltage exceeding 1,000V tends to be pro

55

longed.
The volume resistivity is measured after molding the
encapsulating material into a sheet and crosslinking the sheet
with a vacuum laminator, a hot press, a crosslinking furnace

or the like. Or, the volume resistivity of the sheet in a module

60

laminate is measured by removing additional layers such as
glass, a power generation element including wiring, a back

based resins such as an ethylene/(x-ole?n copolymer consist

as an ethylene/(x-ole?n copolymer consisting of ethylene and
(x-ole?n having 3 to 20 carbon atoms, a low-density ethylene
resin, a medium-density ethylene resin, an ultra-low-density
ethylene resin, a propylene (co)polymer, a l-butene (co)poly
mer, a 4-methylpentene-l (co)polymer, an ethylene/cyclic
ole?n copolymer, an ethylene/(x-ole?n/cyclic ole?n copoly
mer, an ethylene/(x-ole?n/non-conjugated polyene copoly
mer, an ethylene/(x-ole?n/conjugated polyene copolymer, an

ethylene/aromatic vinyl copolymer, an ethylene/(x-ole?n/
aromatic vinyl copolymer and the like; ethylene/unsaturated
carboxylic acid copolymers such as an ethylene/unsaturated

sheet or the like.

As the resin composition forming an encapsulating mate
rial for solar cell satisfying the above volume resistivity,
resins known in the art may be used. Examples include ole?n

than l.0><10l4 Q-cm according to any of the methods, so that
a polymer excellent in electrical properties can be obtained.
Among these, preferably used are ole?n based resins such

65

anhydrous carboxylic acid copolymer, an ethylene/(x-ole?n/
unsaturated anhydrous carboxylic acid copolymer, an ethyl
ene/epoxy-containing unsaturated compound copolymer, an

ethylene/(x-ole?n/epoxy-containing unsaturated compound
copolymer, an ethylene/acrylic acid copolymer, an ethylene/

US 8,772,625 B2
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methacrylic acid copolymer and the like; ethylene/unsatur

sary, or may not be crosslinked. When the aforementioned
solar cell element used for a module is a crystal based power

ated carboxylic acid ester copolymers such as an ethylene/

ethyl acrylate copolymer, an unsaturated carboxylic acid

generating element, PID is possibly observed, so that the
present invention can be especially suitably applied.

ester (co)polymer, a (meth)acry1ic acid ester (co)polymer, an

ethylene/methyl methacrylate copolymer and the like; iono

5

mer resins such as an ethylene/acrylic acid metal salt copoly

mer, an ethylene/methacrylic acid metal salt copolymer and

Method for Producing Ethylene/(x-Ole?n Copolymer
The ethylene/(x-ole?n copolymer can be produced using
various metallocene compounds described below as a cata

the like; cyclic ole?n (co)polymers, (x-ole?n/aromatic vinyl

lyst. As the metallocene compound, there may be used met

compound/aromatic polyene copolymers, ethylene/(x-ole?n/
ylene/ aromatic vinyl compound/aromatic polyene copoly

allocene compounds as disclosed, for example, in Japanese
Laid-open Patent Publication No. 2006-077261, Japanese
Laid-open Patent Publication No. 2008-231265, Japanese

mers, acrylonitrile/butadiene/ styrene copolymers, styrene/
conjugated diene copolymers, acrylonitrile/styrene

However, metallocene compounds which have different

aromatic vinyl compound/aromatic polyene copolymers, eth

Laid-open Patent Publication No. 2005-314680 and the like.

copolymers, acrylonitrile/ethylene/(x-ole?n/non-conjugated
polyene/ styrene copolymers, acrylonitrile/ethylene/(x-ole?n/
conjugated polyene/ styrene copolymers, and methacrylic

structures than those of the metallocene compounds disclosed
in these Patent Documents may also be used, or two or more

metallocene compounds may be used in combination.
Preferable examples of the polymerization reaction using a

acid/ styrene copolymers.

metallocene compound include the following aspects.

Furthermore, more preferably used is an ethylene/(x-ole?n

copolymer consisting of ethylene and (x-ole?n having 3 to 20
carbon atoms, and further preferably used is an ethylene/0t
ole?n copolymer satisfying at least one of the aforementioned

There are provided one or more monomers selected from
20

speci?c requirements (al) to (all). Particularly preferably
used is an ethylene/(x-ole?n copolymer satisfying all of the

requirements (a1), (a2), (a3) and (a4).
The aforementioned resin composition may be modi?ed by

25

The volume resistivity of an encapsulating material requir

referred to as the catalytic promoter).

ing crosslinking is measured after molding the encapsulating
30

compounds as disclosed, for example, in Japanese Laid-open
Patent Publication No. 2006-077261, Japanese Laid-open
Patent Publication No. 2008-231265, Japanese Laid-open
35

Patent Publication No. 2005-314680 and the like. However,
metallocene compounds which have different structures than
those of the metallocene compounds disclosed in these Patent
Documents may also be used. These compounds may be

40

may be previously contacted with one another before being

module laminate is measured by removing additional layers.

individually charged into a polymerization atmosphere or

In the case where the melting point of the above resin is less

than 110 degrees centigrade as measured by DSC, the resin
composition is in a crosslinked state by blending organic

As the organic aluminumoxy compound (II-1), the com
pound (II-2) that forms ion pairs by reaction with the afore
mentioned metallocene compound (I) and the organic alumi
num compound (II-3), there may be used metallocene

The volume resistivity of an encapsulating material with
out requiring crosslinking is measured after molding the
encapsulating material into an encapsulating sheet, and pro
cessing the sheet into a smooth sheet with a vacuum lamina
tor, a hot press or the like when emboss processing is carried
out. Furthermore, the volume resistivity of the sheet in a

pound known in the art, and at least one compound (II)
selected from the group consisting of an organic aluminu
moxy compound (II-1), a compound (II-2) that forms ion
pairs by reaction with the aforementioned metallocene com

pound (I) and an organic aluminum compound (II-3) (also

a silane compound.

material into a sheet, crosslinking the sheet with a vacuum
laminator, a hot press, a crosslinking fumace or the like, and
processing it into a smooth sheet.

ethylene, (x-ole?n and the like in the presence of an ole?n
polymerization catalyst composed of a metallocene com

charged into the polymerization atmosphere. Furthermore,

peroxide or the like for carrying out thermal crosslinking, or
adding a crosslinking aid for carrying out thermal crosslink
ing or electron beam crosslinking, whereby the resin can be
used as an encapsulating material for solar cell excellent in
heat resistance. In the case where the melting point exceeds

the metallocene compounds may be loaded on an inorganic
oxide microparticle carrier such as that disclosed in Japanese

110 degrees centigrade as measured by DSC, heat resistance

without substantially using the aforementioned compound

of the resin itself is exhibited.
MFR of the aforementioned resin is preferably from 10 to

tioned metallocene compound (I) during the production

50 g/ 10 minutes as measured under the conditions of a tem

Laid-open Patent Publication No. 2005-314680.
In addition, it is preferable that an ethylene/(x-ole?n
copolymer excellent in electrical properties can be obtained

(II-2) that forms ion pairs by reaction with the aforemen
50

accordance with ASTM D1238 when an encapsulating mate

rial for solar cell is produced by extrusion molding, or MFR
is preferably exceeding 2 g/ 10 minutes and less than 10 g/ 10

minutes when calendar molding is employed.
The encapsulating material for solar cell composed of the
aforementioned resin composition is preferably in a sheet
form.
The solar cell module according to the present invention is
preferably a solar cell module provided with a transparent
surface protective member, a back surface protective mem
ber, a solar cell element, and an encapsulating layer for encap
sulating the aforementioned solar cell element formed from
the aforementioned encapsulating material for solar cell
between the transparent surface protective member and the
back surface protective member. The aforementioned encap
sulating material for solar cell may be crosslinked as neces

thereof.

The ethylene/(x-ole?n copolymer can be polymerized by
gas-phase polymerization known in the art or by liquid-phase
polymerization such as slurry polymerization, solution poly

perature of 190 degrees centigrade and a load of 2.16 kg in

55

merization or the like. Liquid-phase polymerization such as
solution polymerization or the like is preferably. When an

ethylene/(x-ole?n copolymer is produced by copolymerizing

60
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ethylene with (x-ole?n having 3 to 20 carbon atoms using the
aforementioned metallocene compound, the metallocene
compound (I) is usually used in an amount of 10‘9 to 10‘1 mol
and preferably 10'8 to 10'2 mol, per 1 L reaction volume.
The compound (II-1) is used in an amount such that the
molar ratio of the compound (II-1) to the total transition metal
atoms (M) in the metallocene compound (I), [(II-1)/M], usu
ally ranges from 1 to 10,000 and preferably from 10 to 5,000.
The compound (II-2) is used in an amount such that the molar
ratio of the compound (II-2) to the total transition metal atoms

(M) in the metallocene compound (I), [(II-2)/M], usually

US 8,772,625 B2
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ranges from 0.5 to 50 and preferably from 1 to 20. The
compound (II-3) is used in an amount of usually 0 to 5 mmol

1 minute to 3 hours and preferably from 10 minutes to 2.5
hours. Furthermore, polymerization can also be carried out in

and preferably about 0 to 2 mmol, per 1 L polymerization
reaction volume.
In the case of solution polymerization, an ethylene/(x-ole

two or more stages with different reaction conditions. The

molecular weight of the obtained ethylene/(x-ole?n copoly
mer can also be adjusted by changing hydrogen concentration
in the polymerization system or polymerization temperature.
Moreover, the molecular weight can also be adjusted by
changing the amount of the compound (II) in use. When
hydrogen is to be added, an appropriate added amount is from
about 0.001 to 5,000 NL per 1 kg of the ethylene/(x-ole?n

?n copolymer with high comonomer content, a narrow com

position distribution and a narrow molecular weight distribu

tion can be ef?ciently produced by copolymerization of
ethylene with (x-ole?n having 3 to 20 carbon atoms in the
presence of the aforementioned metallocene compound. As
to the charging molar ratio of ethylene to (x-ole?n having 3 to

copolymer to be produced. The vinyl group and vinylidene

20 carbon atoms (by mol), ethylene/(x-ole?n is usually from

group present in the terminal of molecules of the ethylene/0t
ole?n copolymer to be produced can be adjusted by increas
ing the polymerization temperature or reducing the added

10/90 to 99.9/0.1, preferably from 30/70 to 99.9/0.1, and
further preferably from 50/50 to 99.9/0.1.
Examples of the (x-ole?n having 3 to 20 carbon atoms
include straight-chain or branched (x-ole?ns, such as, propy

amount of hydrogen as much as possible.

A solvent used for solution polymerization is usually an

lene, 1-butene, 2-butene, 1-pentene, 3-methyl-1-butene,

inert hydrocarbon solvent and preferably saturated hydrocar

1 -hexene,
4-methyl-1 -pentene,
3 -methyl-1 -pentene,
1-octene, 1-decene, 1-dodecene and the like. Also, examples

bon with a boiling point of 50 to 200 degrees centigrade under

of (x-ole?n which is used in the solution polymerization

normal pressure. Speci?c examples include aliphatic hydro
20

include polar group -containing ole?ns. Examples of the polar
group-containing ole?n include 0t,[3-unsaturated carboxylic
acids such as acrylic acid, methacrylic acid, fumaric acid,
maleic anhydride, and metal salts such as sodium salts

thereof; 0t,[3-unsaturated carboxylic acid esters such as

25

methyl acrylate, ethyl acrylate, n-propyl acrylate, methyl

dichloromethane and the like are also included in the inert
hydrocarbon solvent, and there is no limitation on the use

methacrylate, ethyl methacrylate and the like; vinyl esters

thereof.
As described above, in the solution polymerization, not

such as vinyl acetate, vinyl propionate and the like; and unsat

urated glycidyls such as glycidyl acrylate, glycidyl methacry
late and the like. High-temperature solution polymerization

carbons such as pentane, hexane, heptane, octane, decane,
dodecane, kerosene and the like; and alicyclic hydrocarbons
such as cyclopentane, cyclohexane, methylcyclopentane and
the like. It should be noted that, Aromatic hydrocarbons such
as benzene, toluene, xylene and the like; and halogenated
hydrocarbons such as ethylenechloride, chlorobenzene,

30

only organic aluminumoxy compounds which are soluble in

vinyl compound, for example, styrenes such as styrene, o-me

aromatic hydrocarbons used in the art, but also modi?ed
methylaluminoxanes like MMAO, which are soluble in ali

thylstyrene, m-methylstyrene, p-methylstyrene, o,p-dimeth
ylstyrene, methoxystyrene, vinyl benzoate, vinyl methyl ben

phatic hydrocarbons and alicyclic hydrocarbons, can be used.
As a result, when aliphatic hydrocarbon or alicyclic hydro

can also be proceeded under the coexistence of an aromatic

zoate, vinyl benzyl acetate, hydroxystyrene, p-chloro styrene,
divinylbenzene and the like; 3-phenylpropylene, 4-phenyl
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carbon is adopted as a solvent for solution polymerization, it

is made possible to almost completely avoid possible mixing

propylene, (x-methyl styrene and the like in a reaction system.
Among the aforementioned (x-ole?ns, preferably used are

ethylene/(x-ole?n copolymer to be produced. In other words,

propylene, 1-butene, 1-hexene, 4-methyl-1-pentene and

the solution polymerization can reduce environmental loads

1-octene. In the solution polymerization, cyclic ole?ns hav
ing 3 to 20 carbon atoms such as cyclopentene, cycloheptene,
norbornene, 5 -methyl-2-norbornene and the like may be used
in combination.
“Solution polymerization” is a generic term used to refer to
a method of polymerization in which a polymer is dissolved
in an inert hydrocarbon solvent to be described later. The

of aromatic hydrocarbons into the polymerization system or
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ene/(x-ole?n copolymer produced by the polymerization
reaction and other desired additives are preferably melted,

kneaded and granulated with any optional method.
45

Ethylene Resin Composition
According to a preferred aspect, the encapsulating material
for solar cell of the present invention is composed of 100

polymerization temperature in the solution polymerization is
usually from 0 to 200 degrees centigrade, preferably from 20
to 190 degrees centigrade, and further preferably from 40 to
180 degrees centigrade. In the solution polymerization, the

as well as minimize possible adverse effects on the human

body. To suppress variation in physical properties, an ethyl

weight parts of the aforementioned ethylene/(x-ole?n copoly

polymerization temperature of less than 0 degree centigrade

mer, and an ethylene resin composition containing 0.1 to 5
weight parts of a silane coupling agent such as an ethyleni
cally unsaturated silane compound or the like and 0.1 to 3

is not practical in terms of productivity, because at such a

weight parts of a crosslinking agent such as organic peroxide

temperature level, the polymerization activity remarkably

or the like.

50

drops and heat of polymerization is hardly removed. Identi

cally, the polymerization temperature exceeding 200 degrees
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centigrade is not practical in terms of productivity, because at
such a temperature level, the polymerization activity remark

ably drops.
The polymerization pressure is usually from normal pres
sure to 10 MPa (gauge pressure) and preferably from normal
pressure to 8 MPa (gauge pressure). Copolymerization can be
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weight parts of organic peroxide, based on 100 weight parts of

the ethylene/(x-ole?n copolymer.
Ethylenically Unsaturated Silane Compound

carried out in a batchwise, semi-continuous or continuous

process. The reaction time (average residence time when a
copolymerization reaction is carried out in a continuous pro
cess) varies depending on the reaction conditions such as

catalyst concentration, polymerization temperature or the
like, and can be suitably selected. However, it is usually from

Furthermore, it is preferable that the ethylene resin com
position contains 0.1 to 4 weight parts of an ethylenically
unsaturated silane compound and 0.2 to 3 weight parts of
organic peroxide, based on 100 weight parts of the ethylene/
(x-ole?n copolymer. It is particularly preferable that the eth
ylene resin composition contains 0.1 to 3 weight parts of an
ethylenically unsaturated silane compound and 0.2 to 2.5

In the case where the amount of the ethylenically unsatur
65

ated silane compound is less than 0.1 weight part, adhesive
ness is lowered. On the other hand, in the case where the

amount of the ethylenically unsaturated silane compound
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exceeds 5 weight parts, a balance between the costs and

Moreover, application of a voltage causes cracks around gels
inside the sheet, thus reducing the dielectric breakdown volt
age. Furthermore, moisture permeation becomes likely to
occur at the gel interface, thus reducing moisture permeabil
ity. Irregularities formed on the sheet surface reduce its adhe

performance of the encapsulating material for solar cell is
worsened, and the amount of organic peroxide added for the
graft reaction of the ethylene/(x-ole?n copolymer with an
ethylenically unsaturated silane compound at the time of
lamination of a solar cell module is increased. Whereby, the
encapsulating material for solar cell is gelated to obtain it in a
sheet form using an extruder and the extruder’s torque is
increased, so that extrusion sheet molding becomes dif?cult
in some cases. Even when a sheet is obtained, gels generated
in the extruder may create irregularities on the sheet surface

sion to glass, a cell, an electrode and a backsheet during the
lamination process of a solar cell module, so that adhesion is
also lowered. In the case where the extrusion temperature

during extrusion sheet molding is reduced to equal to or less

than 90 degrees centigrade, molding can be performed, but
the productivity is greatly lowered. In the case where the

one-minute half-life temperature of the organic peroxide
exceeds 170 degrees centigrade, the crosslinking rate during

which deteriorate the appearance in some cases. Moreover,

application of a voltage causes cracks around gels inside the

sheet, thus reducing the dielectric breakdown voltage. Fur

lamination molding of a solar cell module is slowed down, so

thermore, moisture permeation becomes likely to occur at the

that the productivity of the solar cell module is greatly low
ered. Furthermore, heat resistance and adhesiveness of the

gel interface, thus reducing moisture permeability. Irregulari

encapsulating material for solar cell are reduced.

ties formed on the sheet surface reduce its adhesion to glass,
a cell, an electrode and a backsheet during the lamination
process of a solar cell module, so that adhesion is also low

ered. The ethylenically unsaturated silane compound itself

As organic peroxide, known organic peroxides may be
used. Preferable concrete examples of the organic peroxide
20

with the one-minute half-life temperature in the range of 100

causes a condensation reaction to occur and is present in the

to 170 degrees centigrade include dilauroyl peroxide, 1,1,3,

encapsulating material for solar cell as white stripes, thus
deteriorating the appearance of the product. When the amount

3-tetramethyl butylperoxy-2-ethylhexanoate, dibenzoyl per
oxide, t-amylperoxy-2-ethylhexanoate, t-butylperoxy-2-eth
ylhexanoate, t-butylperoxy isobutyrate, t-butylperoxy

of organic peroxide is small after the surplus silane coupling
agent is subjected to a condensation reaction with an adher
end such as glass or the like, the graft reaction to main chains

25

maleate, l , l -di(t-amylperoxy)-3,3, 5-trimethylcyclohexane,
l , l -di(t-amylperoxy)cyclohexane,
t-amylperoxy

of the ethylene/(x-ole?n copolymer becomes insuf?cient, so

isononanoate, t-amylperoxy-n-octoate, l,l-di(t-butylper

that adhesiveness also tends to be lowered.

oxy) -3 ,3 ,5 -trimethylcyclohexane, l, l -di(t-butylperoxy)cy

The ethylenically unsaturated silane compound is not par
ticularly limited and ethylenically unsaturated silane com
pounds known in the art can be used. Speci?c examples
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include vinyltriethoxysilane, vinyltrimethoxysilane, vinyltris
([3-methoxyethoxysilane), y-glycidoxypropyltrimethoxysi
lane, y-aminopropyltriethoxysilane, y-methacryloxypropylt
rimethoxysilane and the

like.

y-glycidoxypropylmethoxysilane,

Preferably used are

t-butylperoxy benzoate and the like. Preferably used are
35

y-aminopropyltriethox

dilauroyl peroxide, t-butylperoxy isopropyl carbonate, t-bu
tylperoxy acetate, t-butylperoxy isononanoate, t-butylper
oxy-2-ethylhexyl carbonate, t-butylperoxy benzoate and the

ysilane, y-methacryloxypropyltrimethoxysilane and vinyltri

like.

Ultraviolet Absorber, Light Stabilizer, Heat-Resistant Sta

ethoxysilane, which are excellent in adhesiveness.

Organic Peroxide
Organic peroxide is used as a radical initiator when an

clohexane, t-butylperoxy isopropyl carbonate, t-butylperoxy
2-ethylhexyl carbonate, 2,5 -dimethyl-2,5 -di(benzoylperoxy)
hexane, t-amyl-peroxy benzoate, t-butylperoxy acetate,
t-butylperoxy isononanoate, 2,2-di(t-butylperoxy)butane,

bilizer
40

It is preferable that the ethylene resin composition may

ethylene/(x-ole?n copolymer is to be graft-modi?ed with an
ethylenically unsaturated silane compound, and is further

contain at least one additive selected from the group consist
ing of an ultraviolet absorber, a light stabilizer and a heat

used as a radical initiator when a crosslinking reaction is
carried out at the time of lamination molding of a solar cell

resistant stabilizer. The compounding amount of the additive
is preferably from 0.005 to 5 weight parts, based on 100

module of the ethylene/(x-ole?n copolymer. By graft-modi
fying the ethylene/(x-ole?n copolymer with an ethylenically

45

able to add at least two kinds of the additives selected from the

above three kinds, and it is particularly preferable to add all of

unsaturated silane compound, it is possible to obtain a solar
cell module excellent in adhesion to glass, a backsheet, a cell

the three kinds. In the case where the compounding amount of
the aforementioned additive is within the above range, it is

and an electrode. Furthermore, by crosslinking the ethylene/
(x-ole?n copolymer, it is possible to obtain a solar cell module
excellent in heat resistance and adhesiveness.

50

weather resistant stability and heat resistant stability, as well
as to prevent reduction in the transparency of the encap sulat
ing material for solar cell and its adhesion to glass, a back
55

sheet, a cell, an electrode and aluminum.

Speci?c examples of the ultraviolet absorber include ben
zophenones such as 2-hydroxy-4-n-octyloxybenzophenone,

2-hydroxy-4-methoxybenzophenone,
2,2-dihydroxy-4
methoxybenzophenone, 2-hydroxy-4-methoxy-4-carboxy

of lamination molding of a solar cell module. In the case

where the one-minute half-life temperature of the organic

possible to fully ensure improvement of resistance to high

temperature and high humidity, resistance of the heat cycle,

Organic peroxide suitably used may be capable of graft
modifying an ethylene/(x-ole?n copolymer with an ethyleni
cally unsaturated silane compound, or crosslinking the eth
ylene/(x-ole?n copolymer. However, a one-minute half-life
temperature of the organic peroxide is from 100 to 170
degrees centigrade in view of a balance between productivity
upon extrusion sheet molding and crosslinking rate at the time

weight parts of the ethylene/(x-ole?n copolymer. It is prefer
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peroxide is less than 100 degrees centigrade, the encapsulat

benzophenone, 2-hydroxy-4-N-octoxybenzophenone and
the like; benzotriazoles such as 2-(2-hydroxy-3,5-di-t-bu

ing material sheet for solar cell is gelated to obtain it from the

tylphenyl)benzotriazol e, 2-(2-hydroxy-5-methylphenyl)

resin composition during extrusion sheet molding and the

benzotriazole and the like; and Salicylic acid esters such as

extruder’ s torque is increased, so that sheet molding becomes
dif?cult in some cases. Even when a sheet is obtained, gels
generated in the extruder may create irregularities on the
sheet surface which deteriorate the appearance in some cases.

phenylsalicylate, p-octylphenylsalicylate and the like.
65

As the light stabilizer, preferably used are hindered amines
and hindered piperidine compounds such as bis(2,2,6,6-tet
ramethyl-4-piperidyl)sebacate, poly[{6-(l , l ,3,3-tetrameth
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glycol dimethacrylate, ethylene glycol dimethacrylate, dieth
ylene glycol dimethacrylate, triethylene glycol dimethacry
late, polyethylene glycol dimethacrylate and the like; triacry

ylbutyl)amino- l ,3 ,5 -triazine-2,4-diyl} { (2,2, 6, 6-tetram

ethyl-4-pipe

ridyl)imino}hexamethylene{(2,2,6,6

tetramethyl-4-piperidyl)imino}] and the like.
Speci?c examples of the heat-resistant stabilizer include

lates

such

as

trimethylolpropane

triacrylate,

phosphite heat-resistant stabilizers such as tris(2,4-di-tert
butylphenyl)pho sphite,
bis [2,4-bis(l , l -dimethylethyl)-6

tetramethylolmethane triacrylate, pentaerythritol triacrylate

methylphenyl]ethyl phosphorous acid ester, tetrakis(2,4-di

methacrylate, trimethylolethane trimethacrylate and the like;

tert-butylphenyl)[ l , l -biphenyl] -4,4'-diylbisphosphonate, bis

tetraacrylates such as pentaerythritol tetraacrylate, tetram

(2,4-di-tert-butylphenyl)pentaerythritoldip hosphite and the

ethylolmethane tetraacrylate and the like; divinyl aromatic
compounds such as divinylbenzene, di-i-propenylbenzene
and the like; cyanurates such as triallyl cyanurate, triallyl
isocyanurate and the like; diallyl compounds such as diallyl
phthalate and the like; triallyl compounds; oximes such as

and the like; trimethacrylates such as trimethylolpropane tri

like; lactone heat-resistant stabilizers such as a reaction prod

uct of 3-hydroxy-5,7-di-tert-butyl-?1ran-2-one and o-xylene
and the like; hindered phenol heat-resistant stabilizers such as

3,3',3",5,5',5"-hexa-tert-butyl-a,a',a"-(methy
lene-2,4,6
triyl)tri-p-cresol, l,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl

p-quinonedioxime, p-p'-dibenzoyl quinonedioxime and the

(3, 5 -di -tert-butyl -4 -hydroxyphenyl)propionate], octadecyl

like; and maleimides such as phenylmaleimide and the like.
Among these crosslinking aids, more preferably used are

3-(3,5-di-tert-butyl-4-hydroxyphenyl)
propionate,
thiodiethylenebis[3-(3,5-di-tert-butyl-4-hydro xyphenyl)

triacrylates such as trimethylolpropane triacrylate, tetram

4 -hydroxyphenyl)benzylb enzene, pentaerythritoltetrakis [3 -

diacrylates; dimethacrylates; divinyl aromatic compounds;
ethylolmethane triacrylate, pentaerythritol triacrylate and the

propionate] and the like; sulfur heat-resistant stabilizers;
amine heat-resistant stabilizers and the like. These heat-resis

20

like; trimethacrylates such as trimethylolpropane tri

tant stabilizers may be used singly or two or more kinds may

methacrylate, trimethylolethane trimethacrylate and the like;

be used in combination. Among these, preferably used are
phosphite heat-resistant stabilizers and hindered phenol heat
resistant stabilizers.
Other Additives
In addition to the above components, the ethylene resin

tetraacrylates such as pentaerythritol tetraacrylate, tetram
ethylolmethane tetraacrylate and the like; cyanurates such as

triallyl cyanurate, triallyl isocyanurate and the like; diallyl
25

composition constituting the encapsulating material for solar

phenylmaleimide and the like. Among these, particularly

cell may suitably contain various components in the ranges in
which the object of the present invention is not impaired.

Examples include various polyole?ns other than the ethylene/

compounds such as diallyl phthalate and the like; triallyl
compounds; oximes such as p-quinonedioxime, p-p'-diben
zoyl quinonedioxime and the like; and maleimides such as
preferably used is triallyl isocyanurate because it is the most

(x-ole?n copolymer, styrene based or ethylene based block

excellent in a balance between generation of bubbles of the
encapsulating material for solar cell after lamination and

copolymers, propylene based polymers and the like. These

crosslinking properties.

components may be contained in an amount of 0.0001 to 50

According to another preferred aspect, for the ethylene
resin composition used for the encapsulating material for
solar cell, the time required for reaching 90% of the maxi
mum torque value (Tc90) measured at 150 degrees centigrade

weight parts and preferably 0.001 to 40 weight parts, based on
100 weight parts of the aforementioned ethylene/(x-ole?n

30
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copolymer. Furthermore, at least one kind of the additives
selected from various resins other than polyole?ns, and/or

and an inversion rate of 100 cpm using a curelastometer is
from 8 to 14 minutes. The time is more preferably from 8 to

various rubbers, plasticizers, ?llers, pigments, dyes, anti
static agents, anti-bacterial agents, anti-mold agents, ?ame
retardants, crosslinking aids and dispersing agents may be
suitably contained.
In particular, when a crosslinking aid is contained, the
compounding amount of the crosslinking aid is from 0.05 to
5 weight parts, based on 100 weight parts of the ethylene/0t
ole?n copolymer. In the case where the compounding amount
of the crosslinking aid is within the range, the resultant eth
ylene resin composition may have a suitable crosslinked
structure and thus have improved heat resistance, mechanical

properties and adhesion.
As the crosslinking aid, there may be used crosslinking

40

form using an extruder, irregularities are formed on the sur
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face, thus reducing moisture permeability. Irregularities

examples include monoacrylates such as t-butyl acrylate, lau
55

acrylate and the like; monomethacrylates such as t-butyl

methacrylate, lauryl methacrylate, cetyl methacrylate, stearyl
methacrylate, methoxyethylene glycol methacrylate, meth
60

such as l,4-butanediol diacrylate, 1,6-hexanediol diacrylate,

1,9-nonanediol diacrylate, neopentyl glycol diacrylate, dieth
ylene glycol diacrylate, tetraethylene glycol diacrylate, poly
ethylene glycol diacrylate, tripropylene glycol diacrylate,
polypropylene glycol diacrylate and the like; dimethacrylates
such as 1,3-butanediol dimethacrylate, 1,6-hexanediol

dimethacrylate, 1,9-nonanediol dimethacrylate, neopentyl

moisture permeation becomes likely to occur at the gel inter
formed on the sheet surface reduce its adhesion to glass, a
cell, an electrode and a backsheet during the lamination pro
cess of a solar cell module, so that adhesion is also lowered. In

having two or more double bonds in a molecule. Speci?c

oxypolyethylene glycol methacrylate and the like; diacrylates

face of the resultant sheet and the extruder’s torque is
increased, so that sheet molding becomes dif?cult in some
cases. Even when a sheet is obtained, gels generated in the
extruder may create irregularities on the sheet surface which
deteriorate the appearance in some cases. Moreover, applica
tion of a voltage causes cracks around gels inside the sheet,

thus reducing the dielectric breakdown voltage. Furthermore,
50

aids known in the art which are generally used for producing
ole?n based resins. Such a crosslinking aid is a compound

ryl acrylate, cetyl acrylate, stearyl acrylate, 2-methoxyethyl
acrylate, ethylcarbitol acrylate, methoxytripropylene glycol

13 minutes, and further preferably from 9 to 12 minutes. In
the case where Tc90 is less than 8 minutes, the encapsulating
material for solar cell is gelated when to obtain it in a sheet
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the case where Tc90 exceeds 14 minutes, the time required for
crosslinking during the lamination process of a solar cell
module becomes longer, so that the time involved in produc
ing a solar cell module tends to be prolonged.

According to another preferred aspect, the ethylene resin
composition used for the encapsulating material for solar cell
is kneaded under the conditions of 120 degrees centigrade and
30 rpm with a microrheology compounder, and thus the time
to rise from the minimum torque to 0.1 Nm is from 10 to 100
minutes. The time to rise from the minimum torque to 0.1 Nm
is more preferably from 10 to 90 minutes, and further prefer
ably from 10 to 80 minutes. In the case where the time to rise
from the minimum torque to 0.1 Nm is less than 10 minutes,

US 8,772,625 B2
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the encapsulating material for solar cell is gelated when to

a tumbler, a super mixer or the like and a composition blended

obtain it in a sheet form using an extruder and the extruder’s

with various additives are put into a hopper for extrusion sheet

torque is increased, so that sheet molding becomes dif?cult in

molding and melt-kneaded, to produce an encapsulating

some cases. Even when a sheet is obtained, gels generated in
the extruder may create irregularities on the sheet surface
which deteriorate the appearance in some cases. Moreover,
application of a voltage causes cracks around gels inside the

material for solar cell in a sheet form. Moreover, when the
blended composition is once pelletized using an extruder and
further molded into a sheet by extrusion molding or press
molding, a water layer is generally immersed or strands are
cooled and cut using an extruder that is employed an under

sheet, thus reducing the dielectric breakdown voltage. Fur

water cutting system to obtain pellets. Since moisture is
attached, an additive, particularly a silane coupling agent, is
deteriorated. So, when the composition is again molded into

thermore, moisture permeation becomes likely to occur at the

gel interface, thus reducing moisture permeability. Irregulari
ties formed on the sheet surface reduce its adhesion to glass,
a thin ?lm electrode and a backsheet during the lamination
process of a solar cell module, so that adhesion is also low
ered. In the case where the time to rise from the minimum

torque to 0.1 Nm exceeds 100 minutes, crosslinking proper
ties during the lamination molding of a solar cell module
become insuf?cient, thus resulting in lowered heat resistance
and less adhesion to glass.
Encapsulating Material for Solar Cell
The encapsulating material for solar cell of the present

a sheet with an extruder, a condensation reaction proceeds

between the silane coupling agents so that adhesiveness tends

to be lowered; therefore, it is not preferable. Furthermore,
after the ethylene/(x-ole?n copolymer and an additive (stabi
lizers such as a heat-resistant stabilizer, a light stabilizer, an

ultraviolet absorber or the like) excluding peroxide or a silane
coupling agent are made into a masterbatch in advance using
an extruder, a stabilizer such as a heat-resistant stabilizer,
20

invention is excellent in a balance among adhesion to various
solar cell members such as glass, a backsheet, a thin ?lm

alight stabilizer, an ultraviolet absorber or the like passes
through an extruder two times even when a sheet is molded

using an extruder again by blending peroxide or a silane

electrode, aluminum, a solar cell element and the like, heat

coupling agent. Thus, the stabilizer is deteriorated and long

resistance, extrusion moldability and crosslinking properties,

term reliability such as weather resistance and heat resistance

and is further excellent in a balance among transparency,

25

tends to be lowered; therefore, it is not preferable. The range
of the extrusion temperature is from 100 to 130 degrees
centi grade. In the case where the extrusion temperature is less
than 100 degrees centi grade, the productivity of the encapsu
lating material for solar cell is lowered. In the case where the
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extrusion temperature exceeds 130 degrees centigrade, the
ethylene resin composition used for an encapsulating mate

?exibility, appearance, weather resistance, volume resistivity,
electrical insulation properties, moisture permeability, corro
siveness of electrodes and process stability. Thus, the encap
sulating material for solar cell is suitably used as an encap
sulating material for solar cell of a solar cell module known in
the art. As a method for producing the encapsulating material

for solar cell of the present invention, those methods usually

rial for solar cell is made into a sheet using an extruder and is
gelated when to obtain an encapsulating material for solar
cell, and the extruder’s torque is increased, so that sheet

used can be used. The encapsulating material for solar cell is

preferably produced by melt blending using a kneader, a
banbury mixer, an extruder or the like. In particular, it is
preferable to use an extruder capable of achieving continuous
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is obtained, gels generated in the extruder may create irregu

production.

larities on the sheet surface which deteriorate the appearance
in some cases. Moreover, application of a voltage cause

According to another preferred exemplary embodiment,
the entire shape of the encapsulating material for solar cell is
in a sheet form. Furthermore, an encapsulating material for
solar cell having at least one layer of a sheet consisting of the

molding becomes dif?cult in some cases. Even when a sheet

40

cracks around gels inside the sheet, thus reducing the dielec
tric breakdown voltage. Furthermore, moisture permeation
becomes likely to occur at the gel interface, thus reducing

aforementioned ethylene resin composition and combined

moisture permeability. Irregularities formed on the sheet sur
face reduce its adhesion to glass, a cell, an electrode and a
backsheet during the lamination process of a solar cell mod
ule, so that adhesion is also lowered.

with additional layers can also be suitably used. The thickness
of a layer of the encapsulating material for solar cell is usually
from 0.01 to 2 mm, preferably from 0.05 to 1.5 mm, further

preferably from 0.1 to 1.2 mm, particularly preferably from

Meanwhile, a sheet (or layer) made of the encapsulating

0.2 to 1 mm, more preferably from 0.3 to 0.9 mm, and most
preferably from 0.3 to 0.8 mm. In the case where the thickness

material for solar cell may be embossed on its surface. By

is within this range, breakage of glass, a solar cell element, a
thin ?lm electrode or the like can be suppressed during the
lamination process, and high photovoltaic power can be

embossing the sheet surface of the encapsulating material for

solar cell, possible blocking between the encapsulating sheets
50

avoided. Furthermore, since embossed features reduce the
storage elastic modulus of the encapsulating material for
solar cell (encapsulating material sheet for solar cell), they act

achieved by securing su?icient light transmittance. Such a
thickness is preferable because lamination molding of a solar
cell module can be performed at a low temperature.
There are no particular limitations on the method of mold

or between the encapsulating sheet and other sheet can be

as a cushion for solar cell elements during the lamination of

and various molding methods known in the art (cast molding,

the encapsulating material sheet for solar cell and the solar
cell elements, and thus breakage of the solar cell elements can
be avoided.

extrusion sheet molding, in?ation molding, injection mold
ing, compression molding and the like) can be employed. In
particular, according to the most preferred exemplary

solar cell is preferably from 10 to 50%, more preferably from
10 to 40%, and further preferably from 15 to 40%, and the

55

ing a sheet made of an encapsulating material for solar cell,

The porosity (P)(%) of the encapsulating material sheet for
60

porosity (P) is de?ned as the percentage ratio (VH/VA><100) of

embodiment, extrusion sheet molding is carried out in an
extruder in which an ethylene/(x-ole?n copolymer, an ethyl

the total volume (VH) of concave portions per unit area of the
encapsulating material sheet for solar cell to its apparent

enically unsaturated silane compound, organic peroxide, an
ultraviolet absorber, a light stabilizer, a heat-resistant stabi
lizer and other additives as necessary are put into a bag such

as a plastic bag and blended, or an ethylene/(x-ole?n copoly
mer blended using a stirring mixer such as a Henschel mixer,

65

volume (VA) of the encapsulating material sheet for solar cell.
It should be noted that, the apparent volume (VA) of the
encapsulating material sheet for solar cell is determined by
multiplying the maximum thickness of the encapsulating
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material sheet for solar cell by the unit area. When the poros

ity (P) is less than 10%, the elastic modulus of the encapsu
lating material for solar cell is not sufficiently lowered and
suf?cient cushion is not achieved. Thus, when modules are

laminated together in the second stage (pressurizing step)
during the manufacture of a module, breakage of silicon cell
or solder that ?xes the silicon cell to the electrode occurs in

the case of crystalline solar cells, or breakage of silver elec
trode occurs in the case of thin ?lm solar cells. Speci?cally, in
the case where the porosity (P) of the encapsulating material
for solar cell containing a sheet made of the ethylene resin

10

The porosity (%) can be determined according to the above
equation, and can also be determined by microscopic obser
vation, image processing or the like of an actual cross section
or embossed surface of the encapsulating material for solar
cell.

composition is less than 10%, when the encapsulating mate
rial for solar cell is locally loaded with pressure, pressurized
convex portions are not deformed like being collapsed. This

The depth of the concave portions formed by embossing is

causes breakage of, for example, silicon cells during the

preferably from 20 to 95%, more preferably from 50 to 95%,
and further preferably from 65 to 95% of the maximum thick
ness of the encapsulating material for solar cell. The percent
age ratio of the depth (D) of the concave portions to the
maximum sheet thickness tmax may be referred to as the depth

lamination process as a result of local application of large
pressure on the silicon cells. Moreover, in the case where the

porosity (P) of the encapsulating material for solar cell is less
than 10%, there is less space for air to travel through, resulting
in failure to pump out the air during the lamination process.
The air trapped in the solar cell module may deteriorate the
appearance, or the moisture remained in the air may corrode
electrodes during long-term usage in some cases. Moreover,
during the lamination process, the melted ethylene resin com
position fails to ?ll the space, and therefore the excessive

20

ratio of the concave portions in some cases.

25

ethylene resin composition may squeeze out of respective
adherends of the solar cell modules to contaminate the lami
nator in some cases.

On the other hand, in the case where the porosity (P) is
greater than 80%, it becomes likely that air cannot be com
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The depth of the embossed concave portions refers to the
vertical interval D between the top of the convex portions and
the bottom of the concave portions on the embossed irregular
surface of the encapsulating material for solar cell. The maxi
mum thickness tmax of the encapsulating material for solar
cell refers to the distance from the top of the convex portions
on the embossed surface of the encapsulating material for
solar cell to the other surface (in the thickness direction of the
encapsulating material for solar cell) in the case where the
encapsulating material for solar cell is embossed on one sur

pletely removed during the pressurizing step of the lamina

face, and the distance from the top of the convex portions on

tion process, so that the air remains trapped in the solar cell
module. The air trapped in the solar cell module may dete
riorate the appearance of the solar cell module, or the mois
ture remained in the air may corrode electrodes during long
term usage. Failure to completely remove the air during the

one surface to the top of the convex portions on the other
35

for solar cell is embossed on both surfaces.
Embossing may be performed on one surface or both sur

pressurizing step of the lamination process also reduces the
contact area between the encapsulating material for solar cell

and the adherend, thus leading to poor adhesion strength.
The porosity (P) can be determined through the following
calculation. The apparent volume VA (mm3) of the embossed
encapsulating material for solar cell is calculated by multi
plying the maximum thickness tmax (mm) of the encapsulat
ing material for solar cell by the unit area (for example, 1

40

faces of the encapsulating material for solar cell. When the
depth of the embossed concave portions is increased, emboss
ing is preferably performed on only one surface of the encap
sulating material for solar cell. In the case where the encap
sulating material for solar cell is embossed on only one

surface, the maximum thickness tmax of the encapsulating
45

m2:1000><1000:106 mm2) according to the following equa
tion (3):
VA(mm3):lmaX(mm)x106(mm2)
(3)
On the other hand, the actual volume VO (m3) of the

surface (in the thickness direction of the encapsulating mate
rial for solar cell) in the case where the encapsulating material

50

material for solar cell is from 0.01 to 2 mm, preferably from
0.05 to 1 mm, further preferably from 0.1 to 1 mm, further
preferably from 0.15 to 1 mm, further preferably from 0.2 to
1 mm, further preferably from 0.2 to 0.9 mm, further prefer
ably from 0.3 to 0.9 mm, and the most preferably from 0.3 to
0.8 mm. In the case where the maximum thickness tmax of the
encapsulating material for solar cell is within this range, not

encapsulating material for solar cell for the unit area is cal

only possible breakage of glass, a solar cell element, a thin

culated by substituting speci?c gravity p (g/mm3) of the resin

?lm electrode and the like can be avoided in the lamination
process, but the lamination molding of a solar cell module is

constituting the encapsulating material for solar cell and the
actual weight W (g) of the encapsulating material for solar
cell per unit area (1 m2) into the following equation (4):

made possible at a relatively low temperature; therefore, it is
55

preferable. Moreover, the encapsulating material for solar
cell can have suf?cient light transmittance, and a solar cell

module using the encapsulating material for solar cell gener
ates high photovoltaic power.

The total volume VH (m3) of the concave portions per
unit area of the encapsulating material for solar cell is calcu

lated by subtracting the actual volume V0 from the apparent

60

Meanwhile, the sheet can be used as an encapsulating
material for solar cell in a sheet form which is cut to a size to
?t the solar cell module or in a roll form which can be cut to

65

of it. According to a preferred exemplary embodiment of the
present invention, the encapsulating material for solar cell
(encapsulating material sheet for solar cell) in a sheet form
may have at least one layer made of the encapsulating mate
rial for solar cell. Accordingly, the number of layers made of

volume VA of the encapsulating material for solar cell as

a size to ?t the solar cell module right before the manufacture

shown in the following equation (5):

The porosity (%) can thus be determined according to the

following equation:
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the encapsulating material for solar cell of the present inven

about 120 to 150 degrees centigrade are preferably used.
Preferable examples thereof include polyester based and
polyurethane based adhesives. In order to improve adhesion

tion may be either one, or two or more. The number of layers

is preferably one from the viewpoints of simplifying the
structure for lower costs and reducing the re?ection of light at
the interface between layers for e?icient utilization of light as

between the two layers, they may be subjected, for example,
to silane coupling treatment, titanium coupling treatment,

much as possible.
The encapsulating material sheet for solar cell may be

corona treatment, plasma treatment or the like.

composed of only layers made of the encapsulating material

Examples of the solar cell module include crystalline solar
cell modules in which solar cell elements formed using poly

2. Solar Cell Module

for solar cell of the present invention, or may additionally

have layers other than layers containing the encapsulating

crystalline silicon or the like are sandwiched between the

material for solar cell (hereinafter also referred to as the

encapsulating material sheets for solar cell, and the module is

additional layers). Examples of additional layers include,

covered with protective sheets on both surfaces. That is, a
typical solar cell module consists of a protective sheet for a

when classi?ed according to the intended purpose, a hard
coating layer for protecting a surface or a back surface, an
adhesive layer, an anti-re?ection layer, a gas barrier layer, an

solar cell module (surface protective member), an encapsu

include, when classi?ed according to the material, a layer

lating material sheet for solar cell, a solar cell element, an
encapsulating material sheet for solar cell and a protective
sheet for a solar cell module (back surface protective mem

made of an ultraviolet curable resin, a layer made of a ther

ber). However, according to a preferred exemplary embodi

anti-fouling layer and the like. Examples of additional layers
mosetting resin, a layer made of a polyole?n resin, a layer
made of a carboxylic acid-modi?ed polyole?n resin, a layer
made of a ?uorine-containing resin, a layer made of a cyclic
ole?n (co)polymer, a layer made of an inorganic compound

ment of the present invention, the structure of the solar cell
20

above respective layers may be properly disposed of, or the
above additional layers may be properly provided in the

and the like.
There are no particular limitations on the positional rela

tionship between the layer made of the encapsulating material
for solar cell of the present invention and the additional lay
ers. A preferable layer construction is properly selected in
relation to the purpose of the present invention. That is, the
additional layers may be provided between two or more lay
ers made of the encapsulating material for solar cell, may be
located at the outermost layer of the encapsulating material
sheet for solar cell, or may be provided at other positions.
Furthermore, the additional layers may be provided on only

module is not limited to the above structure. Some of the

25
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ranges in which the object of the present invention is not
impaired. Examples of the additional layers include an adhe
sive layer, a shock absorbing layer, a coating layer, an anti
re?ection layer, a back surface re-re?ection layer, a light
diffusion layer and the like. These layers are not particularly
limited, and can be provided in place in any desired location
in consideration of the intended purpose of respective layers
and their characteristics.
Crystalline Silicon Solar Cell Module
FIG. 1 is a cross sectional view schematically illustrating
one exemplary embodiment of a solar cell module of the

one surface or both surfaces of the layer made of the encap

sulating material for solar cell. The number of the additional
layers is not particularly limited, and any number of the
additional layers may be provided or may not be provided.
From the viewpoints of simplifying the structure for lower
costs and reducing the re?ection of light at the interface for

35

e?icient utilization of light as much as possible, the encapsu

40

lating material sheet for solar cell may be manufactured only
with a layer made of the encapsulating material for solar cell
of the present invention without providing additional layers.

present invention. It should be noted that, in FIG. 1, an
example of a con?guration of a crystalline silicon solar cell
module 20 is illustrated. As illustrated in FIG. 1, the solar cell
module 20 has a plurality of crystalline silicon solar cell
elements 22 electrically interconnected via interconnectors
29, and a pair of a surface protective member 24 and a back
surface protective member 26 which sandwich solar cell ele
ments 22. An encapsulating layer 28 is ?lled among these
protective members and a plurality of solar cell elements 22.

The encapsulating layer 28 is obtained by bonding together

properly provided. When the additional layers are provided,

the encapsulating material sheets for solar cell of the present
invention and pressing the bonded sheets under heating. The
encapsulating layer 28 is in contact with electrodes respec

there are no particular limitations on the lamination method in

tively formed on the light-incident surface and the back sur

However, when the additional layers are needed in relation to
the purpose or are useful, such additional layers may be
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which the layer made of the encapsulating material for solar
cell of the present invention is laminated to additional layers.
It is preferable to employ a method in which a laminate is
obtained by co-extrusion using a known melt extruder such as
a cast molding machine, an extrusion sheet molding machine,

face of each solar cell element 22. These electrodes are cur
50

22, and each includes collector lines, tab-type busbars, back
surface electrode layers and the like.
FIG. 2 is a plan view schematically illustrating a con?gu

an in?ation molding machine, an injection molding machine
or the like, or a method in which one layer formed previously
is laminated to the other layer by melting or heating so as to
obtain a laminate. Moreover, the lamination may be effected
through a dry lamination method or a heat lamination method
in which a suitable adhesive is used. Examples of the adhesive

include maleic anhydride-modi?ed polyole?n resins such as
“ADMER” manufactured by Mitsui Chemicals, Inc. and
“MODIC” manufactured by Mitsubishi Chemical Corpora
tion; low (non) crystalline elastic polymers such as unsatur

55

ration of a light-incident surface and a back surface of the
solar cell element. In FIG. 2, an example of a con?guration of
a light-incident surface 22A and aback surface 22B of the
solar cell elements 22 is illustrated. As illustrated in FIG.

2(A), the solar cell element 22 includes multiple collector
lines 32 in a line form, and tab-type busbars 34A that are
60

ated polyole?n and the like; acrylic adhesives represented by
a terpolymer of ethylene, acrylate and maleic anhydride such
as “BONDINE” manufactured by Sumica CDF; ethylene/
vinyl acetate copolymers; and adhesive resin compositions
containing the foregoing. Adhesives with heat resistance of

rent collectors respectively formed on the light-incident
surface and the back surface of respective solar cell elements
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connected to interconnectors 29 (FIG. 1) and collect electrical
charges from the collector lines 32 formed on the light-inci
dent surface 22A. Moreover, as shown in FIG. 2(B), the solar
cell element 22 includes a conductive layer (back surface
electrode) 36 formed on the entire surface of the back surface
22B, and tab-type busbars 34B formed thereon that are con

nected to interconnectors 29 (FIG. 1) and collect electrical
charges from the conductive layer 36. The line width of the
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collector lines 32 is, for example, about 0.1 mm; the line
width of the tab-type busbars 34A is, for example, about 2 to
3 mm; and the line width of the tab-type busbars 34B is, for

incident surface) side up to the inner wall of the through holes
and the periphery of the through holes of the back surface, and
the current on the light-incident surface is taken out at the
back surface side.
In general, in a solar cell system, several to several tens of
the aforementioned solar cell modules are connected in
series. Small scale ones for houses are used at 50V to 500V,
while large scale ones called a mega solar are used at 600V to
1,000V. For the outer frame of the solar cell module, an
aluminum frame or the like is used for the purpose of main

example, about 5 to 7 mm. The thickness of the collector lines

32, tab-type busbars 34A and tab-type busbars 34B is, for
example, about 20 to 50 pm.

It is preferable that the collector lines 32, tab-type busbars
34A and tab-type busbars 34B contain a metal with high

conductivity. Examples of the metal with high conductivity
include gold, silver, copper and the like, and preferably used
are silver, silver compounds, silver-containing alloys and the

tenance of strength, and the aluminum frame is earthed
(grounded) in many cases from the viewpoint of safety. As a

like from the viewpoints of high conductivity and high cor
rosion resistance. It is preferable that the conductive layer 36

result, the solar cell generates electricity, whereby a voltage

contains not only a metal with high conductivity, but also a

component with highlight re?ectivity, such as aluminum, for
re?ecting light incident on the light-incident surface to
enhance the opto-electronic conversion ef?ciency of the solar
cell element. The collector lines 32, tab-type busbars 34A,
tab-type busbars 34B and conductive layer 36 are formed by
applying a conductive material paint containing the afore
mentioned metal with high conductivity onto either the light

difference is caused due to power generation between the
glass surface with low electric resistance as compared to the
encapsulating material and the solar cell element.
As a result, in the encapsulating material for solar cell to be
sealed between the power generating cell and glass or the
20

are demanded.

Thin Film Silicon (Amorphous Silicon) Solar Cell Module
The thin ?lm silicon solar cell module may be con?gured

incident surface 22A or the back surface 22B of the solar cell

elements 22, by, for example, screen printing to a thickness of
50 um, drying the applied material and, as necessary, baking
the applied material at 600 to 700 degrees centigrade.
The surface protective member 24 needs to be transparent
as it is placed on the light-incident surface side. Examples of

as (l) a laminate in which module components are laminated
25

the surface protective member 24 include transparent glass
plates, transparent resin ?lms and the like. On the other hand,
the back surface protective member 26 needs not to be trans

transparent surface protective member, an encapsulating
30
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The solar cell module 20 can be obtained by any production
method. The solar cell module 20 can be obtained by, for

example, a production method including the steps of: obtain

curing the aforementioned encapsulating material by heating

40
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Power collecting electrodes for taking out generated elec

many cases.
50

power collecting electrodes are provided on both the surface
and the back surface of the solar cell element. However, when
the power collecting electrodes are provided on the light
55

shielding the light.

silicon layer and a metal foil or a thin ?lm metal layer (for
example, thin ?lm silver layer) formed on the heat-resistant
polymer ?lm in this order. Examples of the metal foil include
stainless steel foils and the like. Examples of the heat-resis
tant polymer ?lm include polyimide ?lms and the like. The
formed by plasma CVD or sputtering in the same manner as

described above. That is, the p-i-n type silicon layer is formed
60

on the metal foil or the thin ?lm metal layer formed on the

heat-resistant polymer ?lm; and the transparent electrode
layer is formed on the pin type silicon layer. Moreover, the

one aspect of the back contact type solar cell element,

p-doped regions and n-doped regions are altemately formed

thin ?lm metal layer to be formed on the heat-resistant poly
mer ?lm is also formed by plasma CVD or sputtering.

on a back surface arranged on a side opposite to the light

incident surface of the solar cell element. According to
another aspect of the back contact type solar cell element, a
p/n junction is formed on a substrate with through holes
formed thereon, a doped layer is formed on the surface (light

According to the aspect (2), the thin ?lm solar cell element
contains, for example, a transparent electrode layer, a pin type

transparent electrode layer and the p-i-n type silicon layer are

In recent years, in order to enhance the power generation
ef?ciency, a back contact type solar cell element without

requiring placement of power collecting electrodes on the
light-incident surface is considered to be used. According to

contains, for example, a transparent electrode layer, a pin type
silicon layer and a back surface electrode layer in this order.
Examples of the transparent electrode layer include semicon
ductor oxides such as In203, SnOZ, ZnO, CdZSnO4, ITO
(In2O3 doped with Sn) and the like. Examples of the back
surface electrode layer include thin ?lm silver layers. Respec
tive layers are formed by plasma CVD (chemical vapor depo
sition) or sputtering. The encapsulating layer is placed so as to
contact with the back surface electrode layer (for example,
thin ?lm silver layer). The transparent electrode layer is

the encapsulating layer is not placed between the surface
protective member and the transparent electrode layer in

tricity are usually provided on the solar cell elements.
Examples of the power collecting electrode include busbar

incident surface, there is a problem of lowering the power
generation e?iciency due to the power collecting electrodes

member and the encapsulating layer are identical to those for
the crystalline silicon solar cell module described above.
According to the aspect (I), the thin ?lm solar cell element

formed on the transparent surface protective member, so that

the laminate as necessary after the above steps.

electrodes, ?nger electrodes and the like. In general, the

layer, a thin ?lm solar cell element, an encapsulating layer
and aback surface protective member; or the like. The trans

parent surface protective member, the back surface protective

include glass substrates, plastic ?lms and the like, and glass

ing a laminate in which the back surface protective member
26, an encapsulating material sheet for solar cell, a plurality of
solar cell elements 22, an encapsulating material sheet for
solar cell and the surface protective member 24 are laminated
in this order; pressing the laminate with a laminator or the like
and optionally heating the laminate as necessary; and further

in the order of a transparent surface protective member (glass
substrate), a thin ?lm solar cell element, an encapsulating
layer and aback surface protective member; (2) a laminate in
which module components are laminated in the order of a

parent; therefore, the material thereof is not particularly lim
ited. Examples of the back surface protective member 26

substrates are suitably used from the viewpoints of durability
and transparency.

aluminum frame, excellent electrical properties such as high
electrical insulation properties, high resistance and the like
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In this case, the encapsulating layer is provided between
the transparent electrode layer and the surface protective
member, and between the metal foil or heat-resistant polymer
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The above ?ller layer preferably has heat resistance. In

?lm and the back surface protective member respectively. In
this way, the encapsulating layer obtained from an encapsu
lating material sheet for solar cell is in contact with the elec
trodes of solar cell elements, such as collector lines, tab-type
busbars and conductive layer. According to the aspect (2), the

particular, it is preferable that the ethylene resin composition
constituting the ?ller layer does not undergo degeneration,
degradation or decomposition due to heating action during
the lamination process including vacuum absorbing and heat
pressing for the manufacture of a solar cell module, or due to

thin ?lm solar cell element has silicon layers that are thinner
than those for the crystalline silicon solar cell elements and

thermal action by sunlight during the long-term operation of
the solar cell module. If the additives or the like contained in

thus less prone to breakage by the pressure applied during the
production of a solar cell module or by external impact during

the ethylene resin composition are eluted, or any decomposed
product is generated, they act on the photovoltaic surface
(device surface) of the solar cell element to deteriorate their
function and performance. Thus, heat resistance is an indis
pensable property for the ?ller layer of the solar cell module.
The above ?ller layer preferably has excellent moisture resis

operation of the aforementioned module. For this reason, the
encapsulating material sheets for solar cell used for thin ?lm
solar cell modules may be less ?exible than those used for
crystalline silicon solar cell modules. On the other hand, since
the electrodes of the thin ?lm solar cell elements are formed
of thin ?lm metal layers as described above, there is the risk

tance. In this case, excellent moisture resistance prevents

of signi?cantly decreasing the power generation e?iciency

module, thus avoiding possible corrosion and degradation of

when they are degraded by corrosion. Accordingly, the encap
sulating material sheets for solar cell of the present invention
containing a sheet made of the ethylene resin composition,

moisture permeation from the back surface of the solar cell

20

which is less ?exible than an ethylene/vinyl acetate (EVA)

copolymer but does not necessarily require a crosslinking
agent which causes cracked gas, is more suitably used as an

encapsulating material sheet for use in thin ?lm solar cell
modules.
Meanwhile, other solar cell module includes a solar cell
module using silicon for a solar cell element. Examples of the
solar cell module using silicon for a solar cell element include

25

permeation.
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type (tandem) solar cell module in which silicon layers with
different absorption wavelength ranges are laminated; a back
contact type solar cell module in which p-doped regions and
n-doped regions are alternately formed on the back surface
arranged on a side opposite to the light-incident surface of the
solar cell element; and a spherical silicon solar cell module in

35

which a large number of spherical silicon particles (about 1
mm in diameter) and a concave mirror (also serves as an

electrode) having a diameter of 2 to 3 mm to increase the

light-gathering ability are combined. Other examples of the

invention can be suitably used as an encapsulating material
for solar cell on the back surface of the crystalline solar cell
module and as an encapsulating material for solar cell of the

thin ?lm solar cell module which is susceptible to moisture

a hybrid type (HIT) solar cell module in which crystalline
silicon and amorphous silicon are laminated; a multi-junction

the photovoltaic device of the solar cell module.
The above ?ller layer is different from the ?ller layer lami
nated over the photovoltaic device, and needs not necessarily
to be transparent. The encapsulating material for solar cell of
the present invention has characteristics described above.
Thus, the encapsulating material for solar cell of the present
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solar cell module using silicon for a solar cell element include
a ?eld-effect solar cell module in which the role of a conven

The solar cell module of the present invention may prop
erly contain any member in the ranges in which the object of
the present invention is not impaired. Typically, an adhesive
layer, a shock absorbing layer, a coating layer, an anti-re?ec
tion layer, a back surface re-re?ection layer, a light diffusion
layer and the like may be provided, though not limited
thereto. The positions of these layers are not particularly
limited, and such layers can be provided at appropriate posi
tions in consideration of the intended purpose of the layers
and their characteristics.
Surface Protective Member for Solar Cell Module
The surface protective member for a solar cell module used
for a solar cell module is not particularly limited. However,
since the member is located at the outermost layer of the solar

tional amorphous silicon p-type window layer with p-i-n

cell module, it preferably has such properties that allow long

junction is changed from “insulated transparent electrode” to
“inversion layer induced by electric ?eld effect” and the like.

terrn reliability for outdoor exposure of the solar cell module,
45

I-III-VI compounds called chalcopyrite compounds formed
of Cu, In, Ga, Al, Se, S and the like are used instead of silicon

including weather resistance, water repellency, contamina
tion resistance and mechanical strength. The surface protec
tive member is preferably a sheet with less optical loss and
high transparency for ef?cient utilization of sunlight.
Examples of the material of the surface protective member

Other examples thereof include a GaAs solar cell module in
which monocrystalline GaAs is used for a solar cell element;
a CIS or CIGS (chalcopyrite) solar cell module in which
50

for a solar cell module include resin ?lms made of a polyester

as a solar cell element; a CdTeiCdS solar cell module in
which thin ?lms of Cd compounds are used as a solar cell

resin, a ?uorine resin, an acrylic resin, a cyclic ole?n (co)
polymer or an ethylene-vinyl acetate copolymer, glass sub

element; a CuZZnSnS4 (CZTS) solar cell module; and the
like. The encapsulating material for solar cell of the present

strates and the like. Preferable resin ?lms include ?lms made
of a polyester resin excellent in transparency, strength, costs
and the like, particularly ?lms made of a polyethylene tereph
thalate resin, and ?lms made of a ?uorine resin having good
weather resistance. Examples of the ?uorine resin include

invention can be used as an encapsulating material for solar
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cell of all types of the above solar cell modules.
In particular, a ?ller layer laminated under a photovoltaic
device constituting a solar cell module needs to have adhesion
to a ?ller layer, an electrode and a back surface protective
layer which are laminated over the photovoltaic device. In

tetra?uoroethylene/ethylenic copolymers (ETFE), polyvinyl
?uoride resins (PVF), polyvinylidene ?uoride resins (PVDF),
60

order to keep smoothness of the back surface of the solar cell
element as a photovoltaic device, the ?ller layer laminated
under a photovoltaic device needs to have thermal plasticity.

chloride tri?uoride resins (CTFE). Polyvinylidene ?uoride
resins are superior in terms of weather resistance. However,

tetra?uoroethylene/ ethylene copolymers are more superior in

Furthermore, in order to protect the solar cell element as a

photovoltaic device, the ?ller layer laminated under a photo
voltaic device needs to have excellent scratch resistance and
shock absorbance.

polytetra?uoroethylene resins (TFE), tetra?uoroethylene/
hexa?uoride propylene copolymers (FEP) and polyethylene
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terms of both weather resistance and mechanical strength. In
order to improve adhesion to the material constituting addi
tional layers such as the encapsulating material layer or the

US 8,772,625 B2
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like, the surface protective member is preferably subjected to

Moreover, the lamination may be effected through a dry

corona treatment and/or plasma treatment. Moreover, in order

lamination method or a heat lamination method in which a

to improve mechanical strength, it is also possible to employ

suitable adhesive is used. Examples of the adhesive includes
maleic anhydride-modi?ed polyole?n resins such as
“ADMER” manufactured by Mitsui Chemicals, Inc. and
“MODIC” manufactured by Mitsubishi Chemical Corpora
tion); low (non) crystalline elastic polymers such as unsatur

a sheet subjected to stretch treatment, such as a biaxially

stretched polypropylene sheet.
In the case where a glass substrate is employed as the

surface protective member for a solar cell module, the glass
substrate preferably has total light transmittance of equal to or

ated polyole?n and the like; acrylic adhesives represented by
a terpolymer of ethylene, acrylate and maleic anhydride such
as “BONDINE” manufactured by Sumica CDF; ethylene/
vinyl acetate copolymers; and adhesive resin compositions

more than 80% and more preferably equal to or more than

90%, in the wavelength range of 350 to 1,400 nm. For the

glass substrate, super white glass, which has less absorption
in the infrared region, is generally used; however, soda lime

containing the foregoing.
Adhesives with heat resistance of about 120 to 150 degrees

glass has less effect on the output characteristics of the solar
cell module as long as the glass substrate is equal to or less
than 3 mm in thickness. Moreover, although reinforced glass
can be obtained by thermal treatment to improve the mechani

centigrade are preferably used. Speci?c preferable examples
thereof include polyester based or polyurethane based adhe
sives. In order to improve adhesion between the two layers, at
least one of the layers may be subjected to silane coupling
treatment, titanium coupling treatment, corona treatment,

cal strength of the glass substrate, a ?oat glass substrate which
is not subjected to thermal treatment may be employed. In

order to suppress light re?ection, the glass substrate may also
be provided with antire?ective coating on the light-incident

and/or plasma treatment.
20

surface.
Back Surface Protective Member for Solar Cell Module

used for the solar cell module as long as they can generate

electricity by photovoltaic effect of semiconductor. Examples

There are no particular limitations on the back surface

protective member for a solar cell module used for a solar cell
module. However, since the member is located at the outer

of the solar cell element include silicon (monocrystalline,
25

most layer of the solar cell module, general properties such as
weather resistance, mechanical strength and the like are

wet solar cells, organic semiconductor solar cells and the like.

member. Accordingly, the back surface protective member

solar cells in view of a balance between power generation
30

the surface protective member. That is, the above various
as the back surface protective member. In particular, polyester
resins and glass can be suitably used. Moreover, sunlight is
35

transparency, which is required for the surface protective
member, is not necessarily required. Thus, in order to increase
the mechanical strength of the solar cell module, or to prevent
deformation or warpage due to the change in temperature, a

reinforcement plate may be attached. As the reinforcement
plate, for example, a steel plate, a plastic plate, a glass ?ber
reinforced plastic (FRP) plate or the like can be suitably used.
The encapsulating material for solar cell of the present
invention may be integrated with the back surface protective
member for a solar cell module. By integrating the encapsu
lating material for solar cell with the back surface protective
member for a solar cell module, it is possible to dispose of the
step of cutting both the encapsulating material for solar cell
and the back surface protective member for a solar cell mod
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ule to a size of the module upon module assembling. More
over, it is possible to shorten or omit the lay-up process by
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laminating a sheet integrated with the back surface protective
member for a solar cell module, rather than individually lami
nating the encapsulating material for solar cell and the back
surface protective member for a solar cell module. When the
encapsulating material for solar cell is to be integrated with
the back surface protective member for a solar cell module,

sulating material for solar cell has thermal plasticity, the solar
cell element can be relatively readily removed even after the
manufacture of a solar cell module, thus improving the recy
45

or the like, or a method in which a laminate is obtained by

cling e?iciency. The ethylene resin composition constituting
the encapsulating material for solar cell of the present inven

tion has thermal plasticity, and therefore, the encapsulating
material for solar cell also has thermal plasticity as a whole,

which is preferable in view of the recycling e?iciency.
Electrode
There are no particular limitations on the structure and
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material of electrodes used for the solar cell module; in a
speci?c example, the electrode has a laminate structure con
sisting of a transparent conductive ?lm and a metal ?lm. The
transparent conductive ?lm is made of SnOZ, ITO, ZnO or the
like. The metal ?lm is made of a metal such as silver, gold,

copper, tin, aluminum, cadmium, Zinc, mercury, chromium,
60

an in?ation molding machine, an injection molding machine
laminating one of the two layers previously formed to the
other one by melting or heating.

for solar cell of the present invention has superior ?exibility
and thus effectively avoids possible breakage of the solar cell
element by absorbing stress or impact to the solar cell ele
ment. Accordingly, in the solar cell module of the present
invention, it is preferable that a layer made of the encapsulat
ing material for solar cell of the present invention is directly
bonded to the solar cell element. Moreover, when the encap

there are no particular limitations on the lamination method in

which the encapsulating material for solar cell is laminated to
the back surface protective member for a solar cell module. It
is preferable to employ a method in which a laminate is
obtained by co-extrusion using a known melt extruder such as
a cast molding machine, an extrusion sheet molding machine,

performance and production costs.
Both the silicon solar cell element and the compound semi
conductor solar cell element have superior characteristics as a
solar cell element, but are known to be susceptible to break
age by external stress or impact. The encapsulating material

materials used as the surface protective member can be used

not incident on the back surface protective member, so that

polycrystalline or amorphous) solar cells, compound semi
conductor (III-III Group, II-VI Group and others) solar cells,
Among them, preferably used are polycrystalline silicon

required in the same manner as in the above surface protective
for a solar cell module may be formed of the same material as

Solar Cell Element
There are no particular limitations on the solar cell element
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molybdenum, tungsten, nickel, vanadium or the like. These
metal ?lms may be used singly or in the form of an alloy. The
transparent conductive ?lm and the metal ?lm are formed by
CVD, sputtering, evaporation or the like.
Method for Producing Solar Cell Module
The method for producing a solar cell module of the
present invention involves a step (i) of forming a laminate by
stacking a transparent surface protective member, the encap
sulating material for solar cell of the present invention, a solar
cell element (cell), an encapsulating material for solar cell

