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(57) The present invention provides a solar battery
including a solar cell (100); a wiring substrate (200) hav-
ing a wire (109, 110) to be electrically connected to an
electrode (106, 107) provided in the solar cell (100); and

an adhesive agent for adhering the solar cell (100) and
the wiring substrate (200) to each other. The present in-
vention also provides a method for manufacturing the
solar battery, a method for manufacturing a solar cell
module using the solar battery, and the solar cell module.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a solar battery,
a method for manufacturing a solar battery, a method for
manufacturing a solar cell module, and a solar cell mod-
ule, in particular, a solar battery in which electrodes of a
solar cell and wires of a wiring substrate can be electri-
cally connected to each other at a low temperature readily
to attain highly reliable connection therebetween and rel-
atively good electric characteristics; a method for man-
ufacturing the solar battery; a method for manufacturing
a solar cell module using the solar battery; and the solar
cell module.

BACKGROUND ART

[0002] In recent years, problems of exhaustion of en-
ergy resources and global environmental issues such as
increasing CO2 in the atmosphere have driven demands
for development of clean energy. In particular, utilization
of solar batteries for photovoltaic power generation has
been developed, been put into practical use, and been
expanded as a new energy source.
[0003] An exemplary mainstream solar battery of such
solar batteries is conventionally a dual-side electrode
type solar battery. In the dual-side electrode type solar
battery, a monocrystalline or polycrystalline silicon sub-
strate has a light-receiving surface in which an impurity
of conductive type opposite to that of the silicon substrate
is diffused to form a pn junction. Electrodes are formed
on the light-receiving surface and rear surface opposite
thereto in the silicon substrate. In recent years, a so-
called back-side electrode type solar battery is being de-
veloped in which both p type electrodes and n type elec-
trodes are formed in the rear surface of a silicon sub-
strate.
[0004] For cost reduction of raw materials, silicon sub-
strates are getting thinner. However, as silicon substrates
are getting thinner, solar cells are getting thinner, which
disadvantageously results in cracks in cells caused upon
operations for wiring the solar cells during fabrication of
solar cell modules.
[0005] To solve such a problem, for example, Japa-
nese Patent Laying-Open No. 2005-340362 (Patent doc-
ument 1) proposes a method for wiring solar cells using
a wiring substrate configured to include a base material,
and wires formed on the base material.
[0006] As such, the utilization of a wiring substrate for
connections of solar cells is proposed, but it has not been
put into practical use yet due to the following problems.
[0007] First, in the case where electrodes of a solar
cell and wires of a wiring substrate are connected to each
other via a solder, when a general lead-free solder (Sn-
Ag-Cu-based solder or the like) is used, the solder needs
to be heated to around 250°C. Where the solder needs
to be heated to such a high temperature to connect the

electrodes of the solar cell and the wires of the wiring
substrate to each other, stress is generated due to a dif-
ference in thermal expansion coefficient between the sil-
icon substrate of the solar cell and the wire material of
the wiring substrate during cooling after the high temper-
ature heating, which results in a crack in the solar cell or
decreased reliability in the connection therebetween
such as removal of the solar cell from the wiring substrate.
[0008] Further, when connecting electrodes of a solar
cell to wires of a wiring substrate using a solder, it is
necessary to perform a step of aligning and positioning
the solar cell on the wiring substrate and thereafter heat-
ing them using a reflow furnace. However, this step is
complicated and a solar cell having a large surface area
is likely to be displaced during the reflow, resulting in
frequent occurrence of poor connection.
[0009] Furthermore, as indicated by Japanese Patent
Laying-Open No. 2005-175436 (Patent document 2), it
is considered to connect electrodes of a solar cell and
wires of a wiring substrate using an ACF (Anisotropic
Conductive Film) instead of a solder, but the ACF is ex-
pensive, which makes it difficult to use the ACF for a solar
cell having a large surface area. In addition, the ACF
have too large electric resistance for a large current to
flow therein, resulting in decreased electric characteris-
tics of the solar battery such as F.F (Fill Factor).

Patent document 1: Japanese Patent Laying-Open
No. 2005-340362
Patent document 2: Japanese Patent Laying-Open
No. 2005-175436

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] In view of the above, an object of the present
invention is to provide a solar battery in which electrodes
of a solar cell and wires of a wiring substrate can be
electrically connected to each other at a low temperature
readily to attain highly reliable connection therebetween
and relatively good electric characteristics; a method for
manufacturing the solar battery; a method for manufac-
turing a solar cell module using the solar battery; and the
solar cell module.

MEANS FOR SOLVING THE PROBLEMS

[0011] The present invention provides a solar battery
including a solar cell; a wiring substrate having a wire to
be electrically connected to an electrode provided in the
solar cell; and an adhesive agent for adhering the solar
cell and the wiring substrate to each other.
[0012] In the solar battery of the present invention, the
wiring substrate includes an insulative base material and
the wire formed on the insulative base material, the wire
is formed of a conductive material, and the adhesive
agent is disposed on the insulative base material in at
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least a part of a region other than a region in which the
wire is formed.
[0013] Further, in the solar battery of the present in-
vention, the insulative base material preferably includes
at least one of polyethylene terephthalate and polyethyl-
ene naphthalate.
[0014] Further, in the solar battery of the present in-
vention, the insulative base material may also serve as
a weather-resistant film.
[0015] Further, in the solar battery of the present in-
vention, the wire is preferably formed of a material in-
cluding at least one selected from a group consisting of
copper, aluminum, and silver.
[0016] Further, in the solar battery of the present in-
vention, the adhesive agent preferably includes at least
one selected from a group consisting of a silicone-based
adhesive agent, an acrylic-based adhesive agent, an
epoxy-based adhesive agent, and a rubber-based adhe-
sive agent.
[0017] Further, in the solar battery of the present in-
vention, the adhesive agent preferably has stable adhe-
siveness even when exposed to an environment at a tem-
perature of 150°C or greater.
[0018] Further, in the solar battery of the present in-
vention, the adhesive agent is preferably a viscous ad-
hesive agent.
[0019] Further, in the solar battery of the present in-
vention, the solar cell is preferably a back-side electrode
type solar cell.
[0020] Further, in the solar battery of the present in-
vention, the electrode of the solar cell preferably has a
shape of at least one of a strip and a dot.
[0021] Further, in the solar battery of the present in-
vention, the electrode of the solar cell and the wire of the
wiring substrate may be electrically connected to each
other via a conductive adhesive agent.
[0022] Here, in the solar battery of the present inven-
tion, the conductive adhesive agent preferably has a
melting temperature/hardening temperature of 180°C or
smaller.
[0023] Further, in the solar battery of the present in-
vention, the conductive adhesive agent preferably has
an electric resistivity of 0.001 Ωcm or smaller.
[0024] Further, in the solar battery of the present in-
vention, the conductive adhesive agent is preferably an
Sn-Bi-based solder.
[0025] Furthermore, the present invention provides a
method for manufacturing the solar battery, including the
steps of: disposing a viscous adhesive layer on a base
material; disposing the wire on the viscous adhesive lay-
er; disposing the wire, disposed on the viscous adhesive
layer, on the adhesive agent disposed on the insulative
base material; and removing the wire from the viscous
adhesive layer to transfer the wire onto the adhesive
agent.
[0026] Furthermore, the present invention provides a
method for manufacturing the solar battery, including the
steps of: applying the adhesive agent to at least one of

the solar cell and the wiring substrate; and adhering the
solar cell and the wiring substrate using the adhesive
agent. Here, the adhesive agent is applied using any of
screen-printing, offset printing, inkjet printing, and a dis-
penser.
[0027] Furthermore, the present invention provides a
method for manufacturing a solar cell module in which
the solar battery is sealed in a sealing material, wherein
when sealing the solar battery, the electrode of the solar
cell and the wire of the wiring substrate are mechanically
compressed and bonded.
[0028] Furthermore, the present invention provides a
method for manufacturing a solar cell module in which
the solar battery is sealed in a sealing material, wherein
when sealing the solar battery, the electrode of the solar
cell and the wire of the wiring substrate are mechanically
compressed and bonded with the conductive adhesive
agent interposed therebetween.
[0029] Furthermore, the present invention provides a
solar cell module in which the solar battery is sealed in
a sealing material, wherein the sealing material is con-
tained in a container having, on at least one of its bottom
portion and its side wall, a moisture penetration prevent-
ing layer for preventing penetration of moisture.

EFFECTS OF THE INVENTION

[0030] According to the present invention, there can
be provided an inexpensive solar battery in which elec-
trodes of a solar cell and wires of a wiring substrate are
electrically connected to each other at a low temperature
readily to attain highly reliable connection therebetween
and relatively good electric characteristics; a method for
manufacturing a solar cell module using the solar battery;
and the solar cell module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 is a schematic cross sectional view of one
exemplary solar battery of the present invention.
Fig. 2 is a schematic cross sectional view of one
exemplary solar battery of the present invention.
Fig. 3(a) is a schematic planar view of one exemplary
rear surface of the solar cell used in the solar battery
of the present invention. Fig. 3(b) is a schematic pla-
nar view of another exemplary rear surface of the
solar cell of the solar battery of the present invention.
Fig. 4 is a schematic planar view of one exemplary
wiring substrate used in the solar battery of the
present invention.
Figs. 5(a)-(c) are schematic cross sectional views
each illustrating one exemplary method for fabricat-
ing the wiring substrate used in the solar battery of
the present invention.
Fig. 6 is a schematic planar view of one exemplary
solar battery of the present invention.
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Fig. 7 is a schematic planar view of another exem-
plary solar battery of the present invention.
Figs. 8(a) and (b) are schematic cross sectional
views each illustrating one exemplary method for
manufacturing the solar battery of the present inven-
tion.
Fig. 9 is a schematic cross sectional view of one
exemplary solar cell module of the present invention.

DESCRIPTION OF THE REFERENCE SIGNS

[0032] 100: solar cell; 101: silicon substrate; 102: anti-
reflection film; 103: passivation film; 104: n type impurity
doping region; 105: p type impurity doping region; 106:
n electrode; 107: p electrode; 108: conductive adhesive
agent; 109: wire for n type; 110: wire for p type; 111:
insulative substrate; 112: slit; 113: connection electrode;
114: busbar p electrode; 115: busbar n electrode; 116:
conductive member; 120: adhesive agent; 121: base ma-
terial; 122: hardening resin; 124: transparent substrate;
125: sealing material; 126: insulative film; 127: metal film;
128: container; 200: wiring substrate.

BEST MODES FOR CARRYING OUT THE INVENTION

[0033] An embodiment of the present invention will be
described below. In the drawings of the present invention,
the same reference characters indicate the same or
equivalent portions.
[0034] Fig. 1 shows a schematic cross sectional view
of one exemplary solar battery of the present invention.
The solar battery shown in Fig. 1 has solar cells 100 and
a wiring substrate 200. Each of solar cells 100 has an n
type or p type silicon substrate 101. Silicon substrate 101
has a light-receiving surface (surface of a side via which
sunlight mainly enter) on which an anti-reflection film 102
is formed and has a rear surface (surface opposite to the
light-receiving surface) in which n type impurity doping
regions 104 formed by diffusing an n type impurity and
p type impurity doping regions 105 formed by diffusing a
p type impurity are provided alternately with a predeter-
mined space therebetween.
[0035] Provided on the rear surface of silicon substrate
101 is a passivation film 103. N electrodes 106 penetrat-
ing through contact holes formed in passivation film 103
are formed to make contact with n type impurity doping
regions 104, and p electrode 107 penetrating there-
through are formed to make contact with p type impurity
doping regions 105.
[0036] Wiring substrate 200 has an insulative sub-
strate 111 as well as wires for n type 109 and wires for
p type 110 both formed on insulative substrate 111.
[0037] Further, n electrodes 106 of solar cell 100 are
electrically connected to wires for n type 109 of wiring
substrate 200, whereas p electrodes 107 are electrically
connected to wires for p type 110 of wiring substrate 200.
[0038] Here, a feature of the solar battery of the present
invention lies in that the connection between n electrodes

106 of solar cell 100 and wires for n type 109 of wiring
substrate 200 and the connection between p electrodes
107 and the wires for p type 110 of wiring substrate 200
are achieved through adhesion provided by an adhesive
agent 120 between solar cell 100 and wiring substrate
200.
[0039] Since solar cell 100 and wiring substrate 200
are fixed to each other by means of the adhesion provided
by adhesive agent 120 between solar cell 100 and wiring
substrate 200 as such, solar cell 100 can be fixed onto
wiring substrate 200 only by aligning and disposing solar
cell 100 on wiring substrate 200. Thereafter, for example,
the solar battery thus obtained is sealed in a sealing ma-
terial such as a resin to fabricate a solar cell module. In
this way, good electric connection through mechanical
compression bonding is achieved. By fabricating the so-
lar cell module in this way, they are less likely to be dis-
placed from each other after the solar cell is placed on
the wiring substrate using the adhesive agent. As such,
the step of connecting using a solder, which requires
heating at approximately 250°C, can be omitted, thus
readily realizing highly reliable connection at a low tem-
perature. Further, since n electrodes 106 of solar cell 100
and wires for n type 109 of wiring substrate 200 are in
direct contact with each other and p electrodes 107 of
solar cell 100 and wires for p type 110 of wiring substrate
200 are also in direct contact with each other, electric
resistance at the connection portions can be reduced as
compared with the case where they are connected using
an ACF, thereby achieving relatively good electric char-
acteristics of the solar battery such as F.F.
[0040] Fig. 2 shows a schematic cross sectional view
of another exemplary solar battery of the present inven-
tion. The solar battery shown in Fig. 2 is different from
the solar battery shown in Fig. 1 in that the connection
between n electrodes 106 of solar cell 100 and wires for
n type 109 of wiring substrate 200 and the connection
between p electrodes 107 of solar cell 100 and wires for
p type 110 of wiring substrate 200 are achieved using a
conductive adhesive agent 108.
[0041] Also in the solar battery shown in Fig. 2, solar
cell 100 and wiring substrate 200 are fixed to each other
by adhesive agent 120 provided therebetween. Where a
solder is used as the conductive adhesive agent 108, for
example, conductive adhesive agent 108 may be provid-
ed and thereafter they may be heated in a reflow furnace
and accordingly connected to each other.
[0042] In the solar battery shown in Fig. 2, it is very
beneficial to use as conductive adhesive agent 108, for
example, an Sn-Bi-based solder, which has a low melting
point, is inexpensive, and has a low electric resistance.
The Sn-Bi-based solder is adhered in advance to at least
one of each electrode of solar cell 100 and each wire of
wiring substrate 200, and solar cell 100 is placed on wir-
ing substrate 200. Solar cell 100 and wiring substrate
200 are fixed to each other by adhesive agent 120. There-
after, they are not heated in a reflow furnace or the like,
and are sealed in a sealing material as with the descrip-
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tion above. The step of heating using a reflow furnace
can be omitted because heat generated during the proc-
ess of sealing and mechanical compression bonding pro-
vided by the sealing securely achieve electric connection
with conductive adhesive agent 108 interposed therebe-
tween. This holds true for a case where a conductive
adhesive agent of low-temperature hardening type (in-
cluding a conductive adhesive agent other than a solder)
different from the Sn-Bi-based solder is used as conduc-
tive adhesive agent 108.
[0043] For example, as shown in Fig. 1 and Fig. 2, by
fixing solar cell 100 to wiring substrate 200 using adhe-
sive agent 120, the connection locations of solar cell 100
and wiring substrate 200 can be prevented from being
displaced from each other during a period of time until
the solar battery is sealed in the sealing material to com-
plete the fabrication of the solar cell module. In this way,
highly reliable connection is achieved. Further, it can be
expected to reinforce the connection between solar cell
100 and wiring substrate 200 after the solar battery is
sealed.
[0044] As adhesive agent 120, any material can be
used without a particular limitation as long as it is capable
of adhering solar cell 100 and wiring substrate 200 to
each other. For example, a material usable therefor is a
material containing at least one selected from a group
consisting of a silicone-based adhesive agent, an acrylic-
based adhesive agent, an epoxy-based adhesive agent,
and a rubber-based adhesive agent, each of which has
a high heat resistance. Here, the silicone-based adhesive
agent, the acrylic-based adhesive agent, the epoxy-
based adhesive agent, and the rubber-based adhesive
agent that can be used herein are, for example, conven-
tionally known ones.
[0045] Further, it is preferable to use a viscous adhe-
sive agent as adhesive agent 120. When a viscous ad-
hesive agent is used as adhesive agent 120, stress can
be absorbed due to flexibility of the viscous adhesive
material to avoid poor connection between solar cell 100
and wiring substrate 200. In addition, cracks in solar cell
100 are likely to be effectively prevented. Further, even
if the connection locations of solar cell 100 and wiring
substrate 200 are displaced from each other, solar cell
100 and wiring substrate 200 can be detached from each
other and then can be connected again to each other,
advantageously. It should be noted that a viscous adhe-
sive agent is one type of adhesive agent, which has vis-
cosity in general, has fluidity against an adhered material
under application of pressure, and has retention power
provided by aggregation against removal instead of hard-
ening.
[0046] Furthermore, in order to seal the solar battery,
the solar battery needs to be heated. Hence, for adhesive
agent 120, it is preferable to use an adhesive agent ex-
hibiting stable adhesiveness even when exposed to an
environment at a temperature of 150°C or greater, and
it is more preferable to use one exhibiting stable adhe-
siveness even when exposed to an environment at a tem-

perature of 180°C or greater.
[0047] The "stable adhesiveness" described above in-
dicates such adhesiveness that provides viscosity even
under application of heat and does not cause displace-
ment of the solar cell and the wiring substrate even when
an impact such as vibration is applied. Further, the ad-
hesive agent preferably has stable adhesiveness after
the heating, and preferably secures the electric connec-
tion therebetween by adhering the solar cell and the wir-
ing substrate to each other.
[0048] Specifically, exemplary adhesive agents exhib-
iting stable adhesiveness when exposed to an environ-
ment at a temperature of 180°C or greater are SD4570,
which is a silicone-based adhesive agent, provided by
the Dow Corning Corporation; 9079, which is an acrylic-
based adhesive agent, provided by the Sumitomo 3M
Limited.; C-1080A/B, which is an epoxy-based adhesive
agent, provided by the Nacalai Tesuque, Inc; and the
like. Another exemplary adhesive agent is DB5441,
which is a screen-printable acrylic-based adhesive agent
(viscous adhesive agent), provided by the Diabond In-
dustry co., Ltd, or the like, and can be patterned and
formed on the base material of wiring substrate 200
and/or portions of solar cell 100 other than the electrodes.
They exhibit stable adhesiveness even when exposed
to an environment at a temperature of 150°C or greater.
Further, a viscous tape can be used which has a PET
base material or PEN base material to which an adhesive
agent (viscous adhesive agent) is applied in advance.
Examples thereof are PET tape YT153S, which employs
a PET base material and a silicone-based adhesive
agent, provided by the YOUNGWOO CO., LTD.; a tape
No.754, which employs a PET base material and an
acrylic-based adhesive agent, provided by the Sumitomo
3M Limited; a tape No.4734, which employs a PET base
material and a rubber-based adhesive agent, provided
by the Sumitomo 3M Limited; and T4900, G9052, etc.,
which are acrylic-based viscous adhesive agents (dou-
ble-sided tape), provided by the Sony Chemicals Corpo-
ration. These exhibit stable adhesiveness even when ex-
posed to an environment at a temperature of 150°C or
greater.
[0049] Further, adhesive agent 120 is preferably pro-
vided in at least a portion of wiring substrate 200 other
than the wires.
[0050] Furthermore, as insulative substrate 111 used
for wiring substrate 200, for example, a substrate made
of a material having an electric resistance higher than
those of wires for n type 109 and wires for p type 110
can be used. However, in the present invention, since
the electrodes of solar cell 100 and the wires of wiring
substrate 200 can be connected to each other at a low
temperature, it is preferable to use PEN (polyethylene
naphthalate) and/or PET (polyethylene terephthalate)
therefor. When PEN or PET is used as insulative sub-
strate 111 of wiring substrate 200, its material cost is not
so expensive, whereby the cost of manufacturing the so-
lar battery is likely to be reduced.
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[0051] As wires for n type 109 and wires for p type 110
used in wiring substrate 200, any material can be used
without a particular limitation as long as it is made of a
conductive material. However, for further reduction in
electric resistance of the wires, they are preferably
formed of a material including at least one selected from
a group consisting of copper, aluminum, and silver. It
should be noted that wires for n type 109 and wires for
p type 110 may be formed of the same material or differ-
ent materials.
[0052] As conductive adhesive agent 108, for exam-
ple, agents made of a conductive material can be used.
Among them, it is preferable to use one having its melting
temperature or hardening temperature of 180°C or small-
er, more preferably, of 150°C or smaller. For simplifica-
tion of steps, conductive adhesive agent 108 is preferably
melted or hardened in the step of sealing the solar battery
because the step of sealing is normally performed at a
temperature of 180°C or smaller. Furthermore, when
conductive adhesive agent 108 has a melting tempera-
ture or hardening temperature of 180°C or smaller and
for example a PEN film is used for insulative substrate
111 of wiring substrate 200, insulative substrate 111 is
hardly shrunk by heat. Likewise, when conductive adhe-
sive agent 108 has a melting temperature or hardening
temperature of 150°C or smaller and for example a PET
film is used for insulative substrate 111 of wiring substrate
200, insulative substrate 111 is hardly shrunk by heat.
[0053] It should be noted that the melting temperature
of conductive adhesive agent 108 refers to a temperature
at which conductive adhesive agent 108 starts to be melt-
ed, and the hardening temperature of conductive adhe-
sive agent 108 refers to a temperature at which conduc-
tive adhesive agent 108 starts to be hardened.
[0054] As conductive adhesive agent 108, it is prefer-
able to use an Sn-Bi-based solder. Sn-Bi-based solder
used for conductive adhesive agent 108 is melted at a
low temperature of, for example, approximately
140-150°C, is therefore processed at a low temperature,
is available at an inexpensive price, is easy in handling,
and provides a low electric resistance to conductive ad-
hesive agent 108. Here, the Sn-Bi-based solder refers
to a solder containing Sn and Bi as main components
among metals constituting the solder, the total mass of
Sn and Bi being 90% by mass or greater of the entire
mass of the solder.
[0055] For better electric characteristics of the solar
battery, conductive adhesive agent 108 preferably has
an electric resistivity of 0.001 Ωcm or smaller.
[0056] In the present invention, as the solar cell, it is
preferable to use, for example, a back-side electrode type
solar cell configured to have both n electrodes and p elec-
trodes formed only on the rear surface of a semiconductor
substrate such as a silicon substrate as shown in Fig. 1
or Fig. 2. It should be noted that as members constituting
the solar cell, for example, conventionally known mem-
bers can be used.
[0057] Fig. 3 (a) shows a schematic planar view of one

exemplary rear surface of the solar cell used in the
present invention. On the rear surface of silicon substrate
101, n electrodes 106 and p electrodes 107 are formed
to have shapes of strips extending in the same direction
in the rear surface of silicon substrate 101 (the left-right
direction of the plane of Fig. 3(a)). Such strip-shaped n
electrodes 106 and p electrodes 107 are arranged alter-
nately one by one in the top-bottom direction of the plane
of Fig. 3(a).
[0058] Fig. 3 (b) shows a schematic planar view of an-
other exemplary rear surface of the solar cell used in the
present invention. On the rear surface of silicon substrate
101, n electrodes 106 and p electrodes 107 are formed
to have shapes of dots. In the top-bottom direction and
left-right direction of the plane of Fig. 3(b), such dot-
shaped n electrodes 106 are arranged adjacent to one
another and dot-shaped p electrodes 107 are arranged
adjacent to one another. Dot-shaped n electrodes 106
and dot-shaped p electrodes 107 shown in Fig. 3(b) are
arranged in straight lines in the top-bottom direction and
left-right direction in the plane of Fig. 3(b).
[0059] Each of n electrodes 106 and p electrodes 107
on the rear surface of the solar cell preferably has a shape
such as the strip as illustrated in Fig. 3 (a) and/or a shape
such as the dot as illustrated in Fig. 3(b). In these cases,
voids are less likely to be left between the solar cell and
the wiring substrate upon sealing the solar battery in a
sealing material as described below.
[0060] Fig. 4 shows a schematic planar view of one
exemplary wiring substrate used in the present invention.
Here, insulative substrate 111 of wiring substrate 200
has a surface provided with wires for n type 109 and wires
for p type 110 as well as connection electrodes 113 for
electrically connecting wires for n type 109 and wires for
p type 110 to each other.
[0061] Further, a busbar p electrode 114 for collecting
charges is electrically connected to wires for p type 110
provided at one end of insulative substrate 111 in the
longitudinal direction, whereas a busbar n electrode 115
for collecting charges is electrically connected to wires
for n type 109 provided at the other end thereof.
[0062] Furthermore, the adhesive agent (not shown)
is provided in at least a part of regions on the surface of
insulative substrate 111 other than wires for n type 109,
wires for p type 110, connection electrodes 113, busbar
p electrode 114, and busbar n electrode 115.
[0063] On both busbar p electrode 114 and busbar n
electrode 115, slits 112 are provided to serve as openings
for positioning.
[0064] It should be noted that in Fig. 4, the respective
regions of wires for n type 109, wires for p type 110,
connection electrodes 113, busbar p electrode 114, and
busbar n electrode 115 are divided by dotted lines but
the regions are not limited to those divided as shown in
Fig. 4.
[0065] Referring to schematic cross sectional views of
Fig. 5(a)-Fig. 5(c), one exemplary method for manufac-
turing the wiring substrate used in the present invention
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will be described below. As shown in Fig. 5(a), on a sur-
face of an appropriate base material 121, hardening res-
ins 122 are applied. On the surfaces of hardening resins
122, for example, conductive sheets such as copper foils
are adhered. Each of the conductive sheets is etched to
have a predetermined shape, thus forming wires for n
type 109 and wires for p type 110. An exemplary hard-
ening resin used as each of hardening resins 122 is a
conventionally known hardening resin of a type which
loses viscosity by heating and/or UV (ultraviolet radia-
tion).
[0066] Next, as shown in Fig. 5(b), base material 121
thus provided with wires for n type 109 and wires for p
type 110 fabricated as above is attached and adhered to
insulative substrate 111 on which adhesive agent 120 is
provided. Interfaces between hardening resins 122 on
base material 121 and each of wires for n type 109 and
wires for p type 110 are heated and/or subjected to UV
radiation. Accordingly, hardening resins 122 lose their
viscosity, and wires for n type 109 and wires for p type
110 are removed from hardening resins 122.
[0067] Thereafter, as shown in Fig. 5(c), base material
121 is separated therefrom to transfer wires for n type
109 and wires for p type 110 to adhesive agent 120 on
the surface of insulative substrate 111. In this way, the
wiring substrate can be formed which has a configuration
in which adhesive agent 120 is exposed in at least a
portion of a region on the surface of insulative substrate
111 other than wires for n type 109 and wires for p type
110.
[0068] In the description above, depending on a ma-
terial of adhesive agent 120, hardening resins 122 may
be heated and/or subjected to UV radiation before base
material 121 and insulative substrate 111 are attached
and adhered to each other.
[0069] Further, base material 121 from which wires for
n type 109 and wires for p type 110 have been transferred
to adhesive agent 120 is reusable as a member for the
solar cell module fabricated by sealing the solar battery
in the sealing material.
[0070] Fig. 6 shows a schematic planar view of one
exemplary solar battery of the present invention, which
is fabricated by, for example, installing solar cells on wir-
ing substrates on which the adhesive agent is provided.
For alignment of the installation locations of solar cells
100 on wiring substrates 200, slits 112 may be used.
[0071] In an embodiment shown in Fig. 6, in order to
electrically connect neighboring two wiring substrates
200 to each other, busbar p electrode 114 of one wiring
substrate 200 and busbar n electrode 115 of the other
wiring substrate 200 are electrically connected to each
other by conductive members 116. Alternatively, for ex-
ample, there may be adopted such a configuration that
does not employ conductive members 116 but allows
solar cells 100 to be electrically connected in series nat-
urally when placing solar cells 100 on a wiring substrate
200, such as the wire pattern of wiring substrate 200 in
an embodiment shown in Fig. 7. In this case, insulative

substrate 111, which serves as a base material for wiring
substrate 200, may be used to also serve as a weather-
resistant film.
[0072] Referring to Figs. 8, another exemplary method
for connecting to the wiring substrate will be described.
First, as shown in Fig. 8(a), a screen-printable adhesive
agent 120 is pattern-printed on portions of the rear sur-
face of solar cell 100 other than the electrodes. Although
adhesive agent 120 may be printed on the wiring sub-
strate 200 side, it is preferable to print it on the solar cell
100 side due to the following reasons: the electrodes of
solar cell 100 can be thinner than the wires of wiring sub-
strate 200 and the portions other than the electrodes
therefore have large areas, which makes it easier to print
thereon; and it is easier to perform an operation of baking
adhesive agent 120 as solar cell 100 is smaller in size.
Then, after baking adhesive agent 120, as shown in Fig.
8(b), solar cell 100 and wiring substrate 200 are placed
on each other so that the electrodes of solar cell 100
match with the wires of wiring substrate 200, and are
adhered to each other.
[0073] Other method than the above can be employed
as follows. That is, adhesive agent 120 is applied using
a dispenser or the like onto the surface of insulative sub-
strate 111 on which wires for n type 109 and wires for p
type 110 are patterned and/or the rear surface of solar
cell 100, and then solar cell 100 is placed on wiring sub-
strate 200.
[0074] Fig. 9 shows a schematic cross sectional view
of one exemplary solar cell module of the present inven-
tion, which is fabricated by, for example, sealing the solar
battery in a sealing material. Here, the solar battery hav-
ing solar cells 100 placed on wiring substrate 200 is
sealed in sealing material 125 contained in a container
128 constituted by a layered film formed by interposing
a metal film 127 between opposing two insulative films
126. Sealing material 125 has a surface provided with a
transparent substrate 124.
[0075] As transparent substrate 124, for example, a
substrate transparent to sunlight can be used such as a
conventionally known glass substrate. As sealing mate-
rial 125, for example, a resin or the like transparent to
sunlight can be used such as a conventionally known
EVA (ethylene vinyl acetate) resin.
[0076] As each of insulative films 126, for example, a
conventionally known one can be used such as a PET
film. Further, when container 128 is used as insulative
substrate 111 serving as the base material of wiring sub-
strate 200, the insulative substrate of wiring substrate
200 can be used as a weather-resistant film without mod-
ification. Further, as metal film 127, for example, a con-
ventionally known one can be used such as a metal film
of aluminum or the like.
[0077] Here, before sealing the solar battery, solar cell
100 is placed on wiring substrate 200. Upon sealing the
solar battery, it is preferable to mechanically compress
and bond the electrodes of solar cell 100 (n electrodes
106 and p electrodes 107) and the wires of wiring sub-
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strate 200 (wires for n type 109 and wires for p type 110).
In this way, the electric connection between the elec-
trodes of solar cell 100 and the wires of wiring substrate
200 can be secured more, thus achieving further im-
proved reliability in the connection.
[0078] Here, the solar battery can be sealed in sealing
material 125 using, for example, a method including a
step of compressing and bonding sealing material 125
and a step of hardening sealing material 125 as follows.
First, the above-described solar battery is inserted be-
tween sealing material 125 formed on transparent sub-
strate 124 and sealing material 125 contained in contain-
er 128, and is subjected to vacuum compression bonding
and the like while being heated, thereby compressing
and bonding sealing material 125 provided on transpar-
ent substrate 124 and sealing material 125 contained in
container 128 (step of compressing and bonding). In this
way, the solar battery is contained in sealing material 125
filling a space surrounded by transparent substrate 124
and container 128.
[0079] Thereafter, sealing material 125 is hardened by
further heating or the like (step of hardening), thus sealing
the solar battery configured as above in sealing material
125 between transparent substrate 124 and container
128. Here, the hardening of sealing material 125 allows
the electrodes of solar cell 100 and the wires of wiring
substrate 200 to be compressed and bonded to each
other mechanically, thus achieving more secured electric
connection between the electrodes of solar cell 100 and
the wires of wiring substrate 200. In this way, reliability
of the connection is further improved.
[0080] Further, fabricating the solar cell module as de-
scribed above does not require a step of applying a con-
ductive adhesive agent and heating it in a reflow furnace.
Hence, the number of steps can be reduced, whereby
the solar cell module can be fabricated more easily.
[0081] Furthermore, in the case where the electrodes
of solar cell 100 and the wires of wiring substrate 200 are
connected to each other through conductive adhesive
agent 108 as in the solar battery shown in Fig. 2, it is
preferable to use a conductive adhesive agent having a
melting temperature or hardening temperature of 180°C
or smaller, is more preferable to use a conductive adhe-
sive agent having a melting temperature or hardening
temperature of 150°C or smaller, and is particularly pref-
erable to use an Sn-Bi-based solder having a melting
temperature of 150°C or smaller.
[0082] Here, also in the case where the electrodes of
solar cell 100 and the wires of wiring substrate 200 are
connected to each other through conductive adhesive
agent 108, the solar cell module can be fabricated by
sealing the solar battery in sealing material 125 in the
same way apart from the use of conductive adhesive
agent 108.
[0083] In the case where a solder is used as conductive
adhesive agent 108, the solder is preferably applied onto
the wires of wiring substrate 200 and/or the electrodes
of solar cell 100 through solder plating or soaking in a

melted solder bath in advance and the electrodes of solar
cell 100 and the wires of wiring substrate 200 are then
brought into electric connection.
[0084] Further, in the case where a conductive adhe-
sive agent formed of an Sn-Bi-based solder having a
melting temperature or hardening temperature of 180°C
or smaller, more preferably 150°C or smaller, particularly
preferably having a melting temperature of 150°C or
smaller, is used, the electrodes of solar cell 100 and the
wires of wiring substrate 200 can be electrically connect-
ed to each other with the conductive adhesive agent in-
terposed therebetween during the step of compressing
and bonding and/or the step of hardening, by for example
heat generated in the step of compressing and bonding
sealing material 125 and/or the step of hardening. Fur-
ther, in this case, the solder has been applied in advance
onto the wires of wiring substrate 200 and/or the elec-
trodes of solar cell 100, thereby preventing production of
a gas such as one generated when heating a cream sol-
der. Although an extra step of applying conductive ad-
hesive agent 108 is added, this method is preferable be-
cause the electric connection between the electrodes of
solar cell 100 and the wires of wiring substrate 200 can
be more secured by conductive adhesive agent 108.
[0085] As described above, in the case where the solar
battery fabricated by electrically connecting the elec-
trodes of solar cell 100 and the wires of wiring substrate
200 to each other is sealed in the sealing material to
fabricate the solar cell module, the solar battery can be
protected from application of heat, apart from heat gen-
erated while fixing them by adhesive agent 120 at a nor-
mal temperature as well as heat in the step of compress-
ing and bonding sealing material 125 and/or in the step
of hardening. This can reduce stress conventionally gen-
erated due to a difference in thermal expansion coeffi-
cient between a solar cell and a wire material of a wiring
substrate. Accordingly, the solar cell can be prevented
from being cracked, thus obtaining a thinner solar cell.
Furthermore, influence of thermal stress during an actual
operation of the solar cell module can be reduced too.
[0086] In addition, in order to prevent water vapor from
entering the solar cell module, it is preferable to use a
container 128 including a moisture penetration prevent-
ing layer such as metal film 127 formed of aluminum or
the like which is greatly effective to prevent penetration
of water vapor, as shown in the embodiment of Fig. 9.
Entrance of water vapor into the solar cell module is likely
to cause corrosion at interfaces between the electrodes
of solar cell 100 and the wires of wiring substrate 200, or
corrosion of conductive adhesive agent 108 provided be-
tween the electrodes of solar cell 100 and the wires of
wiring substrate 200 (particularly, corrosion of the Sn-Bi-
based solder). Hence, by using container 128 including
the above-described moisture penetration preventing
layer, the corrosion can be prevented effectively, thus
achieving improved long-term reliability of the solar cell
module.
[0087] As container 128 including the moisture pene-
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tration preventing layer, for example, as shown in the
embodiment of Fig. 9, it is preferable to use a layered
film in which metal film 127 formed of aluminum is inter-
posed between insulative films 126 each formed of PET.
For example, by covering the portions other than trans-
parent substrate 124 with the layered film as shown in
Fig. 9, water vapor can be effectively prevented from en-
tering the solar cell module. For a portion, such as an
end surface of the solar cell module, with which it is dif-
ficult for the layered film to be in intimate contact, a mois-
ture penetration preventing tape such as a butyl rubber
tape can be used to achieve complete intimate contact.
[0088] Thereafter, the wiring substrate of the above-
described solar cell module and a terminal box may be
connected using a conductive member, and the solar cell
module may be fit in and surrounded by a frame body
made of aluminum or the like.

Examples

Example 1

[0089] First, back-side electrode type solar cells each
having a rear surface formed as shown in Fig. 3 (a) were
fabricated using a conventionally known method. Each
solar-cell 100 was configured so that strip-shaped n elec-
trodes 106 and p electrodes 107 were arranged alter-
nately one by one on the rear surface of n type silicon
substrate 101 having a light-receiving surface and a rear
surface both having a shape of square with each side of
100 mm.
[0090] Then, the method shown in Fig. 5(a)-Fig. 5(c)
was employed to transfer wires made of copper to an
adhesive agent 120 provided on an insulative substrate
111 made of PET. In this way, a wiring substrate 200 was
fabricated. As adhesive agent 120, an acrylic-based vis-
cous adhesive agent was used.
[0091] Then, as shown in Fig. 7, sixteen solar cells 100
were placed on one wiring substrate 200. In this way, a
solar battery was fabricated in which solar cells 100 were
fixed onto wiring substrate 200 by adhesive agent 120.
In fabricating the solar battery, n electrodes 106 of each
of sixteen solar cells 100 were placed on wires for n type
109 of wiring substrate 200 and p electrodes 107 of each
solar cell 100 were placed on wires for p type 110 of
wiring substrate 200, while using slits 112 of wiring sub-
strate 200 as alignment marks for alignment thereof.
[0092] Thereafter, the solar battery fabricated as de-
scribed above was sealed in a sealing material to fabri-
cate a solar cell module as shown in Fig. 9. In fabricating
the solar battery, the solar battery was interposed be-
tween a sealing material 125 made of an EVA resin and
formed on a transparent substrate 124 constituted by a
glass substrate and a sealing material 125 made of an
EVA resin and contained in a container 128 constituted
by a layered film in which a metal film 127 made of alu-
minum was interposed between insulative films 126
made of PET, was thereafter subjected to vacuum ther-

mo-compression bonding to compress and bond sealing
material 125 provided on transparent substrate 124 and
sealing material 125 contained in container 128 (step of
compressing and bonding), and thereafter sealing mate-
rials 125 were hardened by heating (step of hardening).
[0093] The step of compressing and bonding was per-
formed by placing, on sealing material 125 contained in
container 128, sealing material 125 formed on transpar-
ent substrate 124, and retaining them for seven minutes
at 140°C while evacuating it.
[0094] The step of hardening was performed after the
step of compressing and bonding, by heating sealing ma-
terials 125 at 145°C for 40 minutes to harden sealing
materials 125 each made of an EVA resin. In this way,
the electrodes of each solar cell 100 and the wires of
wiring substrate 200 are in further intimate contact with
each other.
[0095] Thereafter, the solar cell module fabricated as
described above was connected to a terminal box, and
was fit in and surrounded by a frame body made of alu-
minum.
[0096] By fabricating a solar module as described
above, there can be fabricated a solar cell module having
a solar battery, which is sealed therein and in which elec-
trodes of a solar cell and wires of a wiring substrate are
electrically connected to each other at a low temperature
readily to attain highly reliable connection therebetween
and relatively good electric characteristics. In addition,
as insulative substrate 111, an inexpensive PET can be
used. Furthermore, it can be fabricated without applica-
tion of a conductive adhesive agent and heating with a
reflow furnace, thus achieving reduction of the number
of steps.

Example 2

[0097] First, back-side electrode type solar cells each
having a rear surface formed as shown in Fig. 3(a) were
fabricated using a conventionally known method. Each
solar cell 100 was configured so that strip-shaped n elec-
trodes 106 and p electrodes 107 were arranged alter-
nately one by one on the rear surface of n type silicon
substrate 101 having a light-receiving surface and a rear
surface both having a shape of square with each side of
100 mm. Each of the solar cells was soaked in an Sn-Bi
solder bath to coat the electrode portions with the solder.
[0098] Then, as shown in Fig. 8(a), an acrylic-based
viscous adhesive agent was applied to a portion of the
rear surface of the solar cell other than the electrodes
provided thereon, by means of screen printing. Thereaf-
ter, it was baked at 100°C, thus exhibiting viscosity of the
viscous adhesive agent.
[0099] Then, as shown in Fig. 7, sixteen solar cells 100
were placed on one wiring substrate 200. In this way, a
solar battery was fabricated in which solar cells 100 were
fixed onto wiring substrate 200 by adhesive agent 120.
In fabricating the solar battery, n electrodes 106 of each
of sixteen solar cells 100 were placed on wires for n type
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109 of wiring substrate 200 and p electrodes 107 of each
solar cell 100 were placed on wires for p type 110 of
wiring substrate 200, while using slits 112 of wiring sub-
strate 200 as alignment marks for alignment thereof.
[0100] Because a layered film in which a metal film 127
made of aluminum was interposed between insulative
films 126 each made of PET had been adopted in ad-
vance for the base material of wiring substrate 200, an
EVA resin sheet and a glass substrate were provided on
the solar battery having solar cells 100 fixed onto wiring
substrate 200. Such a solar battery was then retained at
140°C for seven minutes while being evacuated and
thereafter was heated at 145°C for 40 minutes to harden
the EVA, thereby compressing, bonding, and sealing the
solar battery to fabricate a solar cell module.
[0101] Through the above-described step of heating,
the solder provided in advance to coat the electrodes of
the solar cell was melted to connect the electrodes of the
solar cell and the wires of the wiring substrates to each
other, thus achieving more reliable connection therebe-
tween.
[0102] Thereafter, the solar cell module fabricated as
described above was connected to a terminal box, and
was fit in and surrounded by a frame body made of alu-
minum.
[0103] It should be considered that the embodiments
and examples disclosed herein are illustrative and non-
restrictive in any respect. The scope of the present in-
vention is defined by the scope of claims, and is intended
to include any modifications within the scope and mean-
ing equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

[0104] According to the present invention, there can
be provided a solar battery in which electrodes of a solar
cell and wires of a wiring substrate can be electrically
connected to each other at a low temperature readily to
attain highly reliable connection therebetween and rela-
tively good electric characteristics; a method for manu-
facturing the solar battery; a method for manufacturing
a solar cell module using the solar battery; and the solar
cell module.

Claims

1. A solar battery comprising a solar cell (100); a wiring
substrate (200) having a wire (109, 110) to be elec-
trically connected to an electrode (106, 107) provid-
ed in said solar cell (100); and an adhesive agent
(120) for adhering said solar cell (100) and said wir-
ing substrate (200) to each other.

2. The solar battery according to claim 1, wherein:

said wiring substrate (200) includes an insula-
tive base material (111) and said wire (109, 110)

formed on said insulative base material (111),
said wire (109, 110) is formed of a conductive
material, and
said adhesive agent (120) is disposed on said
insulative base material (111) in at least a part
of a region other than a region in which said wire
is formed.

3. The solar battery according to claim 2, wherein said
insulative base material (111) includes at least one
of polyethylene terephthalate and polyethylene
naphthalate.

4. The solar battery according to claim 1, wherein said
insulative base material (111) also serves as a
weather-resistant film.

5. The solar battery according to claim 1, wherein said
wire (109, 110) is formed of a material including at
least one selected from a group consisting of copper,
aluminum, and silver

6. The solar battery according to claim 1, wherein said
adhesive agent (120) includes at least one selected
from a group consisting of a silicone-based adhesive
agent, an acrylic-based adhesive agent, an epoxy-
based adhesive agent, and a rubber-based adhesive
agent.

7. The solar battery according to claim 1, wherein said
adhesive agent (120) has stable adhesiveness even
when exposed to an environment at a temperature
of 150°C or greater.

8. The solar battery according to claim 1, wherein said
adhesive agent (120) is a viscous adhesive agent.

9. The solar battery according to claim 1, wherein said
solar cell (100) is a back-side electrode type solar
cell.

10. The solar battery according to claim 9, wherein said
electrode (106, 107) of said solar cell (100) has a
shape of at least one of a strip and a dot.

11. The solar battery according to claim 1, wherein said
electrode (106, 107) of said solar cell (100) and said
wire (109, 110) of said wiring substrate (200) are
electrically connected to each other via a conductive
adhesive agent (108).

12. The solar battery according to claim 11, wherein said
conductive adhesive agent (108) has a melting tem-
perature/hardening temperature of 180°C or smaller.

13. The solar battery according to claim 11, wherein said
conductive adhesive agent (108) has an electric re-
sistivity of 0.001 Ωcm or smaller.
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14. The solar battery according to claim 11, wherein said
conductive adhesive agent (108) is an Sn-Bi-based
solder.

15. A method for manufacturing the solar battery as re-
cited in claim 2, comprising the steps of: disposing
a viscous adhesive layer (122) on a base material
(121); disposing said wire (109, 110) on said viscous
adhesive layer (122); disposing said wire (109, 110),
disposed on said viscous adhesive layer (122), on
said adhesive agent (120) disposed on said insula-
tive base material (111); and removing said wire
(109, 110) from said viscous adhesive layer (122) to
transfer said wire (109, 110) onto said adhesive
agent (120).

16. A method for manufacturing the solar battery as re-
cited in claim 1, comprising the steps of: applying
said adhesive agent (120) to at least one of said solar
cell (100) and said wiring substrate (200); and ad-
hering said solar cell (100) and said wiring substrate
(200) using said adhesive agent (120).

17. The method for manufacturing the solar battery, ac-
cording to claim 16, wherein said adhesive agent
(120) is applied using any of screen-printing, offset
printing, inkjet printing, and a dispenser.

18. A method for manufacturing a solar cell module in
which the solar battery as recited in claim 1 is sealed
in a sealing material (125), wherein when sealing
said solar battery, said electrode (106, 107) of said
solar cell (100) and said wire (109, 110) of said wiring
substrate (200) are mechanically compressed and
bonded.

19. A method for manufacturing a solar cell module in
which the solar battery as recited in claim 11 is sealed
in a sealing material (125), wherein when sealing
said solar battery, said electrode (106, 107) of said
solar cell (100) and said wire (109, 110) of said wiring
substrate (200) are mechanically compressed and
bonded with said conductive adhesive agent (108)
interposed therebetween.

20. A solar cell module in which the solar battery as re-
cited in claim 1 is sealed in a sealing material (125),
wherein said sealing material (125) is contained in
a container (128) having, on at least one of its bottom
portion and its side wall, a moisture penetration pre-
venting layer (127) for preventing penetration of
moisture.
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