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SOLAR CELL AND METHOD OF FABRICATING 
THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a structure of a 
solar cell Well suited for a poWer source of electric instru 
ment With loW poWer consumption, such as a calculator and 
a Watch, and also relates to a method of fabricating the same. 

[0003] 2. Description of the Related Art 

[0004] Solar cells are becoming popular not only for a 
sunlight electrical generating system, Which is installed 
outdoors, but also for a poWer source of electric instrument 
With loW poWer consumption, such as a calculator, a radio, 
and a Watch. In such a consumer use, for example, like a 
Wrist Watch, in the case Where importance is attached to not 
only the function but also to its external design, a mounting 
method of the solar cell is also devised. The solar cell is 
directly used as a face of the Watch, or is installed under a 
semitranslucent face of Watch to make it unnoticeable. 

[0005] In most of solar cells in the consumer use, glass, 
stainless, organic resin material or the like is used for a 
substrate, and a photoelectric conversion layer is formed 
thereon With a thin ?lm of amorphous semiconductor, 
microcrystalline semiconductor, or chalcopalide-based (or 
II-VI group) compound semiconductor. Especially, the solar 
cell using an organic resin material for the substrate is thin 
and lightWeight, and has an excellent shock resistance so 
that it is not cracked even if it is dropped. Accordingly, it is 
suitable for the solar cell to be mounted to a portable 
product, such as a card type calculator, a Wrist Watch, and a 
remote-control device of an indoor electric instrument such 
as a television. 

[0006] In the solar cell fabricated by using the organic 
resin material for the substrate, there is a Well knoWn 
technique for forming a photoelectric conversion layer With 
a non-monocrystalline semiconductor material, such as 
amorphous silicon or microcrystalline silicon, fabricated by 
a plasma CVD method. As means for increasing the pro 
ductivity of such a solar cell and decreasing the manufac 
turing costs, there is knoWn a roll-to-roll method in Which a 
long organic resin ?lm substrate Wound into a roll shape or 
a metal ?lm substrate of a stainless alloy etc., is fed out from 
one side of substrate holding means provided in a plasma 
CVD apparatus, a sputtering apparatus, or another manu 
facturing apparatus, the substrate is made to continuously 
(or stepWise) move in a treatment space of coating formation 
or the like, and it is reWound by substrate holding means 
provided at the other side. 

[0007] In addition, there is knoWn a method in Which a 
rear electrode opposite to a transparent electrode provided at 
an incident side of light is formed by printing a paste 
containing a poWder of conductive material With a binder of 
organic resin material, instead of a metal ?lm by a sputtering 
method, a vacuum evaporation method, etc. Japanese Patent 
No. 2698401 discloses a technique in Which a rear electrode 
of a solar cell is formed by a printing method using a 
conductive paste containing a conductive material of molyb 
denum poWder With a binder of phenolic resin. 

[0008] As a method of connecting a circuit substrate of a 
calculator, a Watch, a remote-control device of an indoor 
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electric instrument, or the like to an output terminal of a 
solar cell, in addition to soldering or a method of thermo 
compression bonding of a ?exible printed substrate by an 
anisotropic conductive adhesive, a pressure contact system 
using a spring terminal is adopted. Although this method can 
prevent damage by heat from being applied to the solar cell, 
if the output terminal is formed of a metal material, similarly 
to the rear electrode, there has been a problem of aging of 
contact resistance due to surface oxidation or the like. Thus, 
contrivance has been made such that a carbon electrode is 
intentionally provided at this portion. 

[0009] Since a conductive carbon electrode ?lm obtained 
by applying a carbon paste by a printing method, drying and 
hardening, is not oxidiZed, the aging of the contact resis 
tance to a spring terminal is small. Therefore, it is regarded 
as a suitable material. HoWever, there has been a problem in 
that the contact resistance to a semiconductor layer is high, 
and peeling and Warp of a substrate, etc. Would occur. 

[0010] On the other hand, as another problem, like a 
consumer use electric instrument, in the case Where impor 
tance is mainly attached to photoelectric conversion char 
acteristics under loW illumination in an indoor environment 
or the like, a minute short circuit region is formed betWeen 
a transparent electrode and a rear electrode by electro-static 
damage, and output voltage is loWered. As a result, the 
reliability of a product has been remarkably deteriorated. 

SUMMARY OF THE INVENTION 

[0011] The present invention is a technique for solving the 
foregoing problems, and an object thereof is to provide a 
solar cell in Which stability at a connection portion betWeen 
a circuit substrate of an electric instrument and a rear 

electrode, and reliability against electro-static damage are 
improved, and also to provide a method of fabricating the 
same. 

[0012] In order to achieve the object, according to the 
present invention, in a solar cell using an organic resin 
material for a substrate, a rear electrode is formed of a 
material containing carbon as a main ingredient. In forma 
tion of the rear electrode, a thermosetting conductive carbon 
paste is used and the formation is made by a printing 
method. 

[0013] A conventional conductive ?lm formed by mixing 
and dispersing a poWder of conductive material on a ?exible 
substrate using a binder of organic thermoplastic resin is 
Weak to an organic solvent, and at the time of formation of 
an insulating sealing resin layer formed thereon, expansion 
and dissolving of the resin component by the solvent occurs. 
Therefore, it has not been capable of being used. Besides, in 
an environment resistance test of the conductive ?lm itself, 
a matrix component of the resin easily receives the in?uence 
of the change of temperature and humidity, and softened 
resin is apt to intervene betWeen contacted conductive ?ne 
poWders, and as a result, series resistance is increased. 
Consequently, it has not been capable of Withstanding the 
environment resistance test. 

[0014] Therefore, a resin binder in vieW of the folloWing 
points is used for the conductive ?lm of the thermosetting 
conductive carbon paste of the present invention. First, 
conductive ?ne particles are highly ?lled to raise conduc 
tivity of the ?lm, and at the same time, the molecular 
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structure of a matrix resin component of the ?lm and a 
crosslinking agent are optimized to obtain the conductive 
electrode ?lm having high heat resistance and humidity 
resistance and the matrix resin of sufficiently high crosslink 
ing strength. Even When the upper portion of this electrode 
?lm is covered With, for example, an insulating ink ?lm, it 
has such solvent resistance that it suf?ciently Withstands the 
contained solvent. Besides, With respect to the conductive 
contact at the interface betWeen the conductive ?ne particle 
and a transparent thin ?lm conductive ?lm as Well, the resin 
matrix is not sWelled and dissolved, and can be ?rmly ?xed. 
Further, against the increase of temperature and humidity as 
Well, since the heat resistance and humidity resistance of the 
resin matrix is improved, the change of mechanical proper 
ties is small. As an example of a method of obtaining a 
conductive coating ?lm including such resin matrix, a satu 
rated polyester resin having the highest possible residual 
hydroxyl group content is used, and in order to keep the pot 
life of a curing agent having high reactivity With this 
functional group, that is, a conductive ink more stably in a 
period including the time of screen printing, such resin 
blending composition is designed that glass transition tem 
perature (Tg) becomes at least 70° C. or more by high 
density thermal crosslinking using the curing agent, such as 
multi-functional block isocyanate compound Which is made 
inactive under room temperature by a block agent and easily 
dissociates isocyanate especially at loW temperature, or 
melamine resin. More speci?cally, the thermosetting con 
ductive paste is formed such that its main component is a 
conductive coating matrix resin typi?ed by saturated poly 
ester resin in Which a dispersion property enabling conduc 
tive carbon ?ne particles to be highly ?lled, a printing 
property, and conductive coating formation performance 
thereafter are excellent, consideration is suf?ciently paid to 
monomer blending at the time of condensation polymeriZa 
tion of dicarboxylic acid and diol, an OH value content is 
high, and Tg is higher than that of the resin, and a resin 
binder is a combination With block isocyanate Which easily 
dissociates highly reactive isocyanate groups by loW tem 
perature heating. 

[0015] When the ?ne granular conductive carbon particles 
are obtained by mixing arti?cial graphite of an average 
particle diameter of 0.1 to several tens of pMm into the 
carbon particles at a mixing ratio of 1/3 to 3/I in Weight ratio 
and by further making the particles ?ne by a ball mill or the 
like, it is effective in decrease of the electric resistance of a 
carbon conductive coating ?lm. 

[0016] The organic resin material is generally apt to be 
charged, and the electrostatic Withstand voltage of a solar 
cell formed thereon becomes deteriorated. In order to 
improve the electrostatic Withstand voltage betWeen termi 
nals, the resistance of the transparent electrode and the rear 
electrode is rather made high so that the electric ?eld is not 
concentrated on the element portion. The sheet resistance of 
the conductive ?lm using the thermosetting conductive 
carbon paste and formed by the printing method is 30 to 80 
Q/El, and it is possible to make the resistance just coincident 
With the value of the transparent electrode formed of ITO. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 
[0018] FIGS. 1A to 1C are sectional vieWs for explaining 
a fabricating process of a solar cell; 

In the accompanying draWings: 
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[0019] FIG. 2 is a sectional vieW shoWing a state Where 
the solar cell is completed; 

[0020] FIGS. 3A to 3C are sectional vieWs for explaining 
a fabricating process of a solar cell; 

[0021] FIG. 4 is a sectional vieW shoWing a state Where 
the solar cell is completed; 

[0022] FIG. 5 is a plan vieW of a solar cell for a Watch; 

[0023] FIGS. 6A to 6C are partial sectional vieWs of the 
solar cell for the Watch; and 

[0024] FIG. 7 is a vieW for explaining connection betWeen 
an output terminal of a solar cell and a circuit substrate of an 
electric instrument. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] (Embodiment 1) 
[0026] An embodiment of the present invention Will be 
described With reference to FIGS. 1A to 1C and FIG. 2. A 
method of fabricating an integrated solar cell in Which an 
organic resin material is used for a substrate and a plurality 
of unit cells are connected in series With each other on the 
same substrate, is disclosed in Japanese Patent Application 
Laid-open No. Hei 5-183177, and also in this embodiment, 
the solar cell is fabricated using the method of the publica 
tion. 

[0027] In FIG. 1A, a translucent organic resin material, 
such as polyethylene terephthalate (PET), polyethylene 
naphthalate (PEN), or polyethersulfone (PES), is used for a 
substrate 101. Of course, other commercially available soda 
lime glass or alkali-free glass can also be used. 

[0028] A sheet-like substrate of a suitable siZe may be 
used, or as described before, on the assumption that the 
process is carried out by the roll-to-roll method, a substrate 
Wound into a roll shape may be used. In the case Where the 
roll-to-roll method is applied, it is appropriate that an 
organic resin ?lm substrate having a thickness of 60 to 100 
pm is used. 

[0029] The solar cell fabricated in this embodiment has 
such a structure that light is received by a surface of a 
substrate opposite to a surface on Which a photoelectric 
conversion layer is formed, and ?rst, a transparent electrode 
layer 102 is formed on the substrate 101. The transparent 
electrode 102 is formed of indium tin oxide alloy (ITO), Zinc 
oxide (ZnO), tin oxide (SnOZ), ITO—ZnO alloy, or the like 
to a thickness of 40 to 200 nm (preferably 50 to 100 nm). 
HoWever, since the continuously usable maximum tempera 
ture of the foregoing organic resin material is 200° C. or less, 
a sputtering method, a vacuum evaporation method or the 
like is used for the formation of the transparent electrode 
layer 102, and the formation is carried out While the sub 
strate temperature at the ?lm formation is limited Within the 
range from room temperature to about 150° C. Detailed 
forming conditions may be suitably determined by an opera 
tor to obtain a sheet resistance of 20 to 200 Q/III for the 
above ?lm thickness. 

[0030] In vieW of decreasing the resistance of the trans 
parent electrode layer, an ITO ?lm is suitable. HoWever, 
When a semiconductor layer is formed thereon, if the ITO 
?lm is exposed to a plasma atmosphere containing hydro 
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gen, it is reduced and becomes opaque. In order to prevent 
this, it is appropriate that a SnO2 ?lm or a ZnO ?lm is 
formed on the ITO ?lm. The ZnO (ZnOzGa) ?lm containing 
gallium (Ga) of 1 to 10 Wt % has high transmittance and is 
a material suitable to be laminated on the ITO ?lm. As an 
example of the combination, When the ITO ?lm is formed to 
a thickness of 50 to 60 nm and the ZnOzGa ?lm With a 
thickness of 25 nm is formed thereon, it is possible to 
prevent transparency from being lost, and an excellent light 
transmitting property can be obtained. In this laminate ?lm, 
a sheet resistance of 120 to 150 Q/III can be obtained. 

[0031] A non-monocrystalline semiconductor ?lm formed 
by using a plasma CVD method is used for a photoelectric 
conversion layer 103. Typically, it is a hydrogenated amor 
phous silicon (a-SizH) ?lm formed using SiH4 gas as a raW 
material, and in addition to this, it may be formed of a 
hydrogenated amorphous silicon germanium (a-SiGezH) 
?lm, a hydrogenated amorphous silicon carbon (a-SiCzH) 
?lm, a hydrogenated microcrystalline silicon (,uc-SizH) ?lm, 
or the like. Although the photoelectric conversion layer is 
formed of a p-i-n junction, p-type and n-type layers in Which 
valence electron control is made, may be formed by using 
a-Si:H or pc-SizH added With an impurity element such as 
boron or phosphorus. Especially, for the purpose of loWering 
light absorption loss or forming excellent ohmic contact 
With the transparent electrode or the rear electrode, pc-SizH 
is suitable. 

[0032] FIG. 1A shoWs a state Where the photoelectric 
conversion layer 103 is made of a laminate of a p-type layer 
103a, an i-type layer 103b, and an n-type layer 103c from 
the side of the transparent electrode layer 102, and the 
thicknesses of the respective layers are 10 to 20 nm for the 
p-type layer, 200 to 1000 nm for the i-type layer, and 20 to 
60 nm for the n-type layer. When the p-i-n junction is formed 
of such non-monocrystalline silicon material, an open circuit 
voltage of about 0.4 to 1 V can be obtained. If this p-i-n 
junction is made one unit and a plurality of such units are 
laminated to form a stack type structure, the open circuit 
voltage can also be raised. 

[0033] As shoWn in FIG. 1B, in order to form a plurality 
of unit cells on the same substrate, openings M0 to MD and 
C1 to CD reaching the transparent electrode layer 102 from 
the photoelectric conversion layer 103 are formed by a laser 
Working method. The openings M0 to MD are openings for 
insulation and separation and are provided to form the unit 
cells. The openings C1 to CD are openings for forming 
connection betWeen the transparent electrode and the rear 
electrode. Although the kind of a laser used for the laser 
Working method is not restricted, a Nd-YAG laser, an 
excimer laser, or the like is used. At all events, by perform 
ing the laser Working in the state Where the transparent 
electrode layer 102 and the photoelectric conversion layer 
103 are laminated, it is possible to prevent the transparent 
electrode layer from peeling off the substrate at the Working. 

[0034] In this Way, the transparent electrode layer 102 is 
divided into T1 to Tn, and the photoelectric conversion layer 
103 is divided into K1 to K“. Then, as shoWn in FIG. 1C, 
insulating resin layers ZO to Zn. ?lling the openings M0 to MD 
and further covering the upper end portions are formed. 

[0035] For the purpose of forming the insulating resin 
layers ZO to Zn by a screen printing method, the folloWing 
insulating resin material Was prepared. 
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[0036] phenoxy resin (manufactured by UCC Inc.: 
PKHH Mn=15,400), 20 pts. 

[0037] 
[0038] 
[0039] high resistance carbon black (manufactured 
by Degussa Inc.: average particle diameter of 25 
nm), 4 pts. 

[0040] aerosil (manufactured by Degussa Inc.: aver 
age particle diameter of 15 nm), 10 pts. 

cyclohexane, 40 pts. 

isophorone, 30 pts. 

[0041] dispersing agent (oleic acid), 3 pts. 

[0042] antifoaming agent (manufactured by Toshiba 
Silicone Co., Ltd.: TSA-720), 1 part by Weight 

[0043] leveling agent (manufactured by Sin-etsu Sili 
cone Co., Ltd.: KS-66), 1 pts. 

[0044] First, among the above raW materials, phenoxy 
resin Was completely dissolved in a mixture solvent of 
cyclohexane/isophorone, and Was dispersed for 48 hours by 
a ball mill made of Zirconia, together With carbon black, 
aerosil and dispersing agent. Next, the antifoaming agent 
and leveling agent Were added and Were further mixed for 
tWo hours. Next, thermal crosslinking reactive component 
resins described beloW Were added thereto. 

[0045] n-butylated melamine resin (manufactured by 
Mitsui Toatsu Chemical Co., Ltd.: U-VAN 21R: 
Weight average molecular Weight of about 7000), 5 
pts. 

[0046] hardening accelerator (manufactured by Mit 
sui Toatsu Chemical Co., Ltd.: Catalyst 6000), 0.03 
pts. 

[0047] These Were further mixed and dispersed for 20 
minutes to obtain an insulating resin composite for a passi 
vation ?lm. 

[0048] The obtained insulating resin composite ink Was 
used, and the insulating ?lm Was formed by using the screen 
printing method. After application, thermal hardening Was 
conducted in an oven for 20 minutes at 160° C. to obtain the 
insulating resin layers ZO to Zn. 

[0049] Next, for the purpose of forming rear electrode 
layers E0 to EU as shoWn in FIG. 2 by the screen printing 
method, the folloWing Were prepared for ink to be used. In 
addition to the folloWing, conductive ?ne particles such as 
ITO, SnO2, ZnO, Ag, Cu, Ni, or Mo may be added to 
increase the conductivity. 

[0050] graphite poWder CPB-5000 (manufactured by 
Chuetsu Graphite Industry Co., Ltd.), 9 pts. 

[0051] high conductive black #3950 (16 nm) manu 
factured by Mitsubishi Chemical Corp., 6 pts. 

[0052] oleic acid (dispersing agent) of 0.5 pts. 

[0053] 
[0054] These Were put into a ball mill to crush them for 24 
hours, and obtain ?ner particles. Next, 75 pts. of 20 Wt % 
y-butyrolactone lacquer of saturated polyester resin having 
the folloWing contents Were put into them. 

[0055] VYLON 220 (OH value of about 55 KOHmg/ 
g) manufactured by Toyobo Co., Ltd., 7 pts. 

isophorone (solvent), 20 pts. 
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[0056] VYLON 200 (OH value of about 5 KOHmg/ 
g) manufactured by Toyobo Co., Ltd., 5 pts. 

[0057] VYLON 630 (OH value of about 42 KOHmg/ 
g) manufactured by Toyobo Co., Ltd., 3 pts. 

[0058] y-butyrolactone (solvent), 60 pts. 

[0059] Then, an antifoaming agent and a leveling agent 
having the following contents Were added thereto. 

[0060] antifoaming agent (manufactured by Toshiba 
Silicone Co., Ltd.: TSA-720), 2 pts. 

[0061] leveling agent (manufactured by Sin-etsu Sili 
cone Co., Ltd.: KS-66) of 0.5 pts. 

[0062] Further, a paste obtained after dispersing and mix 
ing by the ball mill for 24 hours Was further dispersed by a 
three-roll mill to obtain a conductive carbon paste. 

[0063] This paste Was added With 5 pts. of ethyl acetoac 
etate block body (solid content 80 Wt %, NCO content 10 Wt 
%) Coronate 2513 (manufactured by Nippon Polyurethane 
Kogyo Co., Ltd.) Which Was obtained by blocking isocynate 
group of hexamethylenediisocynate-based polyisocynate of 
aliphatic polyfunctional isocynate by ethyl acetoacetate and 
by diluting it With a solvent of cellosolve acetate and xylene 
at one to one, mixing Was suf?ciently manufactured by 
disper, and defoaming Was suf?ciently made to obtain a 
conductive carbon paste. 

[0064] Then, the obtained conductive carbon paste Was 
printed into a predetermined pattern by the screen printing 
method, and after leveling and drying, it Was ?rmly hard 
ened at 150° C. for 30 minutes to form the rear electrode 
layers E0 to EU as shoWn in FIG. 2. 

[0065] If doing so, although the rear electrode layers come 
in contact With the n-type layer 103c of the photoelectric 
conversion layer, in order to make this contact ohmic contact 
and further to loWer the contact resistance, it is necessary 
that the n-type layer 103c is formed of pc-SizH, and its 
thickness is made 30 to 80 nm. 

[0066] The respective rear electrodes E1 to En are formed 
so as to be connected With the transparent electrode layers T1 
to TB at the openings C1 to CH. The same material as the rear 
electrode is ?lled in the openings C1 to CH, and in this Way, 
the rear electrode En_1 is electrically connected to the trans 
parent electrode Tn. 

[0067] Finally, in order to form a sealing resin layer 104 
by the printing method, as a sealing resin raW material, the 
folloWing Was prepared. 

[0068] epoxy resin (manufactured by Yuka-Shell 
Epoxy K.K.: Epikote 1009, molecular Weight of 
about 3750), 20 pts. 

[0069] y-butyrolactone, 40 pts. 

[0070] 
[0071] antifoaming agent (manufactured by Toshiba 

Silicone Co., Ltd.: TSA-720), 3 pts. 

[0072] leveling agent (manufactured by Shin-etsu 
Silicone Co., Lt.: KS-66), 1 pts. 

isophorone, 30 pts. 

[0073] First, among the above raW materials, epoxy resin 
Was completely dissolved in a mixture solvent of y-butyro 
lactone/isophorone, and Was dispersed for 48 hours by a ball 
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mill made of Zirconia. Next, the antifoaming agent and the 
leveling agent Were added and further mixed for 2 hours, and 
a thermal crosslinking reactive component described beloW 
Was added. 

[0074] butylated melamine resin (manufactured by 
Mitsui Chemical Corp.: U-VAN 20SE-60: molecular 
Weight of about 3500 to 4000), 5 pts. 

[0075] These Were further mixed and dispersed for 20 
minutes to obtain a transparent composite for an insulating 
surface protecting sealing ?lm. 

[0076] The ink of the obtained composite for the insulat 
ing surface protecting sealing ?lm Was used, and the sealing 
resin layer 104 Was formed by using the screen printing 
method, and Was thermally hardened at 150° C. for 30 
minutes. In the sealing resin layer 104, opening portions 105 
and 106 Were respectively formed on the rear electrodes EO 
and En, With the result that they Were connected to an 
external circuit substrate at these portions. 

[0077] In the manner as described above, a unit cell made 
of the transparent electrode Tn, the photoelectric conversion 
layer Kn, and the rear electrode layer ED is formed on the 
substrate 101, and the adjacent rear electrode En_1 is con 
nected to the transparent electrode Tn through the opening 
Cn, With the result that a solar cell of the n series-connected 
unit cells can be fabricated. The rear electrode EO becomes 
a lead-out electrode of the transparent electrode T1 in the 
unit cell U1. 

[0078] In the solar cell fabricated in this embodiment, the 
sheet resistance of the transparent electrode layer is 120 to 
150 Q/El, and that of the rear electrode layer is 30 to 80 
Q/El. These values are high as compared With an aluminum 
?lm suitably used for a rear electrode material of a solar cell 
having a sheet resistance of 1 Q/III or less. HoWever, like 
this, When the resistance values of the transparent electrode 
layer and the rear electrode layer are made the same level 
and are balanced, the resistance against electrostatic damage 
can be remarkably improved. 

[0079] (Embodiment 2) 
[0080] Another embodiment of the present invention Will 
be described With reference to FIGS. 3A to 3C and FIG. 4. 
In FIG. 3A, a substrate 301, a transparent electrode layer 
302, and a photoelectric conversion layer 303 are formed in 
the same manner as the embodiment 1. Then, rear electrodes 
(XE) are formed on the photoelectric conversion layer 303 
by the screen printing method like Embodiment 1. 

[0081] Then, as shoWn in FIG. 3B, openings XMO to XMn 
and XC1 to XCn reaching the transparent electrode layer 302 
from the photoelectric conversion layer 303 are formed by 
a laser Working method. The openings XMO to XMn are 
openings for insulation and separation and for forming unit 
cells, and the openings XC1 to XCn are for forming connec 
tion betWeen the transparent electrode and the rear electrode. 

[0082] At the laser Working, there is a case Where a residue 
remains at the periphery of the opening. This residue is a 
spray of a material to be Worked, and since the spray heated 
up to a high temperature by laser light is attached to the 
surface of the photoelectric conversion layer 303 to damage 
the ?lm, it is originally undesirable. In order to prevent this, 
the rear electrode is formed in accordance With the pattern 
of the openings, and then, the laser Working is carried out, 
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With the result that damage to at least the photoelectric 
conversion layer 303 can be prevented. 

[0083] After the transparent electrode layer 302 is divided 
into XT1 to XTn, and the photoelectric conversion layer 303 
is divided into XK1 to XKH, insulating resin layers XZO to 
XZn ?lling the openings XMO to XMn and covering the upper 
end portions are formed by the screen printing method as 
shoWn in FIG. 3C. 

[0084] Next, as shoWn in FIG. 4, Wiring lines XBO to 
XBnV1 ?lling the openings XC1 to XCn and connecting With 
the transparent electrodes XT1 to XTn are formed by the 
screen printing method. The Wiring lines XBO to XBD_1 are 
formed of the same material as the rear electrode, and a 
thermosetting carbon paste is used. In this Way, the rear 
electrode XED_1 is electrically connected to the transparent 
electrode XTn. 

[0085] Finally, a sealing resin layer 304 is formed by a 
printing method. Opening portions 305 and 306 are respec 
tively formed in the sealing resin layer 304 on the Wiring 
lines XBO and XBn, and connected to an external circuit. In 
this Way, a unit cell made of the transparent electrode XTn, 
the photoelectric conversion layer XKD, and the rear elec 
trode layer XEn is formed on the substrate 301, and the 
adjacent rear electrode XED_1 is connected to the transparent 
electrode XTn through the opening XCn, With the result that 
a solar cell of the n series-connected unit cells can be 
fabricated. The rear electrode XBO is a lead-out electrode of 
the transparent electrode XT1 of the unit cell XUl. 

[0086] (Embodiment 3) 
[0087] FIG. 5 is a top vieW of a case Where a solar cell of 
this embodiment is seen from a rear electrode side. FIG. 5 
shoWs an example of a solar cell arranged at the loWer side 
(portion in Which a movement of a Wrist Watch is installed) 
of a semitranslucent dial plate in the Wrist Watch. Asubstrate 
501 is an organic resin ?lm having a thickness of 70 pm, and 
although any of the organic resin materials set forth in 
Embodiment 1 can be applied, a PEN substrate is typically 
used. Although the shape of the substrate 501 is not limited 
to a circle, an insertion port 507 of a pointer shaft is provided 
at the center. 

[0088] In the solar cell, a transparent electrode layer, a 
photoelectric conversion layer, a rear electrode layer, and a 
sealing resin layer are laminated from the side of the 
substrate 501. These are formed in the same manner as 
Embodiment 1 or Embodiment 2. Although four unit cells 
are concentrically arranged on the substrate 501, the struc 
ture of series connection of the solar cell is basically the 
same as the embodiment 1, or the structure like the embodi 
ment 2 may be adopted. 

[0089] In FIG. 5, unit cells YU1 to YU4 are formed by an 
opening YMO formed in the transparent electrode layer and 
the photoelectric conversion layer, and by openings YM1 to 
YM4 in the inside of the opening YMO. The openings YMO 
to YM4 are ?lled With insulating resin layers YZO to YZ4, 
and the insulating resin layers are formed so that the upper 
end portions of the openings YMO to YM4 are covered. 

[0090] Rear electrodes YE1 to YE4 are formed on the 
photoelectric conversion layer by the screen printing method 
using a thermosetting conductive carbon paste, and are 
respectively connected to transparent electrodes of the adja 
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cent unit cell through openings YC2 to YC4. A sealing resin 
layer 504 is formed on the entire surface of the rear 
electrodes except for connection portions 505 and 506 to the 
circuit substrate of the Wrist Watch. An output electrode YEO 
at the side of the transparent electrode is formed at the 
connection portion 505 to the circuit substrate and is con 
nected to the transparent electrode through an opening YC1. 
Besides, as shoWn in the draWing, it is formed to be separate 
from the rear electrode YEl. The one connection portion 506 
is formed to serve also as the rear electrode YE4. 

[0091] FIG. 6A shoWs a section taken along A-A‘ of the 
periphery of the connection portion 505 to the circuit 
substrate in FIG. 5. The transparent electrode layer, the 
photoelectric conversion layer, and the rear electrode layer 
are formed on the substrate 501. The openings YMO and YC1 
are formed in the transparent electrode layer and the pho 
toelectric conversion layer by the laser Working method, and 
the insulating layer YZO is formed on the opening YMO to ?ll 
the opening and further to cover its upper end portion. The 
output electrode YEO at the side of the transparent electrode 
is connected to the transparent electrode YT1 of the unit cell 
YU1 through the opening YC1. The sealing resin layer 504 
is formed on the rear electrode YE1 of the unit cell YUl. 

[0092] Similarly, FIG. 6B shoWs a section taken along 
B-B‘ of the periphery of the connection portion 506 to the 
external circuit, and the transparent electrode YT4, the 
photoelectric conversion layer YK4, and the rear electrode 
layer YE4 are formed on the substrate 501. The transparent 
electrode YT4 is formed at the inside of the end portion by 
the opening YMO, and the insulating layer YZO ?lls the 
opening and further covers its upper end portion. Although 
the sealing resin layer is formed on the rear electrode layer 
YE4, it is not formed on the connection portion 506. 

[0093] FIG. 6C shoWs a section taken along C-C‘ of the 
connection portion of the adjacent unit cells in FIG. 5. The 
transparent electrodes YT3 and YT4 are formed on the 
substrate 501, and are insulated and separated from each 
other by the opening YMO and the insulating layer YZO 
formed to cover the opening and its upper end portion. 
Similarly, the photoelectric conversion layers YK3 and YK4 
are also separated. With respect to the connection betWeen 
the unit cells YU3 and YU4, a conductive material is ?lled in 
the opening YC4, and the rear electrode YE3 is connected to 
the transparent electrode YT4. 

[0094] In the manner as described above, it is possible to 
form the solar cell in Which the four unit cells YU1 to YU4 
are connected in series. In solar cells installed in various 
electric instruments such as a calculator or a Watch, With 
respect to connection to a circuit of the electric instrument, 
there is an adopted method of direct connection using a coil 
spring or a plate spring, in addition to a connecting method 
using soldering or a thermosetting adhesive. FIG. 7 is a vieW 
for explaining an example of such a direct connection, and 
shoWs a state Where connection betWeen a photoelectric 
conversion device 702 and a circuit substrate is made 
through a connection spring. The structure of the photoelec 
tric conversion device 702 is simply shoWn, and the draWing 
shoWs the state Where a rear electrode 702b, an insulating 
resin 702C, and a sealing resin 702d are formed on a 
substrate 702a. In addition, a stainless structural body 703, 
a support body 701 and the like are included. A connection 
spring 704 is in contact With the rear electrode at an opening 
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portion of the sealing resin 702d, and electrical connection 
is formed to a circuit substrate 706 through a terminal 
portion 705. The connection structure of a contact by 
applying pressure using mechanical force like this does not 
give severe damage to the solar cell as compared With a 
connection method such as soldering or heat sealing, and 
does not cause yield to be loWered in a manufacturing 
process. When the rear electrode is formed of metal material, 
the surface is oXidiZed by aging, With the result that contact 
resistance is increased. HoWever, in the case Where the 
carbon paste is used, such a problem does not occur. 

[0095] According to the present invention, reliability at a 
connecting portion betWeen a solar cell installed in an 
electric instrument, such as a Watch, and a circuit substrate 
of the electric instrument can be improved. Besides, elec 
trostatic Withstand voltage can be improved, and the yield of 
a manufacturing process can be improved. 

What is claimed is: 
1. A solar cell comprising a transparent electrode layer, a 

photoelectric conversion layer, and a rear electrode layer, 
Which are provided on a translucent substrate, 

Wherein the rear electrode layer is a carbon electrode 
containing a conductive coating ?lm obtained by dry 
ing and hardening a paste Which contains as main 
ingredients ?ne particle carbon black and graphite 
carbon black containing conductive ?ne particles of 
ITO, SnO2, ZnO, Ag, Cu, Ni, or Mo, and further 
contains a binder resin, a solvent, and an additive. 

2. A solar cell according to claim 1, Wherein the trans 
parent electrode layer has a sheet resistance of 120 to 150 
Q/EI and the rear electrode layer has a sheet resistance of 30 
to 80 Q/El. 

3. A solar cell according to any one of claim 1, Wherein 
the rear electrode layer is in contact With an n-type micro 
crystalline semiconductor layer of the photoelectric conver 
sion layer, and the n-type microcrystalline semiconductor 
layer has a thickness of 30 to 80 nm. 

4. A solar cell comprising a transparent electrode layer, a 
photoelectric conversion layer, a rear electrode layer, and an 
output terminal, Which are provided on a translucent sub 
strate, 

Wherein the rear electrode layer is a carbon electrode 
containing a conductive coating ?lm obtained by dry 
ing and hardening a paste Which contains as main 
ingredients ?ne particle carbon black and graphite 
carbon black containing conductive ?ne particles of 
ITO, SnO2, ZnO, Ag, Cu, Ni, or Mo, and further 
contains a binder resin, a solvent, and an additive, and 

Wherein the output terminal is formed of the same mate 
rial as the rear electrode layer. 

5. A solar cell according to claim 4, Wherein the trans 
parent electrode layer has a sheet resistance of 120 to 150 
Q/EI and the rear electrode layer has a sheet resistance of 30 
to 80 Q/El. 

6. A solar cell according to any one of claim 4, Wherein 
the rear electrode layer is in contact With an n-type micro 
crystalline semiconductor layer of the photoelectric conver 
sion layer, and the n-type microcrystalline semiconductor 
layer has a thickness of 30 to 80 nm. 

7. A solar cell comprising a transparent electrode layer, a 
photoelectric conversion layer, and a rear electrode layer, 
Which are provided on a translucent substrate, 
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Wherein the rear electrode layer is a carbon electrode 
containing a conductive ?lm obtained by drying and 
hardening a paste Which contains as main ingredients 
?ne particle carbon black and graphite carbon black, 
and further contains a binder resin. 

8. A solar cell according to claim 7, Wherein the trans 
parent electrode layer has a sheet resistance of 120 to 150 
Q/EI and the rear electrode layer has a sheet resistance of 30 
to 80 Q/III. 

9. A solar cell according to any one of claim 7, Wherein 
the rear electrode layer is in contact With an n-type micro 
crystalline semiconductor layer of the photoelectric conver 
sion layer, and the n-type microcrystalline semiconductor 
layer has a thickness of 30 to 80 nm. 

10. A solar cell comprising a transparent electrode layer, 
a photoelectric conversion layer, and a rear electrode layer, 
Which are provided on a translucent substrate, 

Wherein the rear electrode layer is a carbon electrode 
containing a conductive ?lm obtained by drying and 
hardening a paste Which contains as main ingredients 
?ne particle carbon black and graphite carbon black, 
and further contains a binder resin. 

Wherein the output terminal is formed of the same mate 
rial as the rear electrode layer. 

11. A solar cell according to claim 10, Wherein the 
transparent electrode layer has a sheet resistance of 120 to 
150 Q/III and the rear electrode layer has a sheet resistance 
of 30 to 80 Q/El. 

12. Asolar cell according to any one of claim 10, Wherein 
the rear electrode layer is in contact With an n-type micro 
crystalline semiconductor layer of the photoelectric conver 
sion layer, and the n-type microcrystalline semiconductor 
layer has a thickness of 30 to 80 nm. 

13. A method of fabricating a solar cell, comprising: 

a ?rst step of forming a transparent electrode layer on a 
translucent substrate; 

a second step of forming a photoelectric conversion layer 
on the transparent electrode layer; 

a third step of forming a ?rst opening and a second 
opening reaching the substrate in the transparent elec 
trode layer and the photoelectric conversion layer; 

a fourth step of forming an insulating layer covering the 
?rst opening and an upper end portion of the opening; 

a ?fth step of forming a conductive layer covering the 
photoelectric conversion layer, the insulating layer, the 
second opening and an upper end portion of the second 
opening; and 

a siXth step of forming an insulating sealing resin layer on 
the photoelectric conversion layer and the conductive 
layer, 

Wherein the conductive layer is a carbon electrode con 
taining a conductive coating ?lm obtained by drying 
and hardening a paste Which contains as main ingre 
dients ?ne particle carbon black and graphite carbon 
black containing conductive ?ne particles of ITO, 
SnO2, ZnO, Ag, Cu, Ni, or Mo, and further contains a 
binder resin, a solvent, and an additive. 
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14. A method of fabricating a solar cell, comprising: 

a ?rst step of forming a transparent electrode layer on a 
translucent substrate; 

a second step of forming a photoelectric conversion layer 
on the transparent electrode layer; 

a third step of forming a ?rst conductive layer using a 
predetermined pattern on the photoelectric conversion 
layer; 

a fourth step of forming a ?rst opening and a second 
opening reaching the substrate in the transparent elec 
trode layer and the photoelectric conversion layer; 

a ?fth step of forming an insulating layer covering the ?rst 
opening and an upper end portion of the opening; 

a siXth step of forming a second conductive layer covering 
the photoelectric conversion layer, the insulating layer, 
the second opening and an upper end portion of the 
second opening; and 

a seventh step of forming a sealing resin layer on the 
photoelectric conversion layer and the conductive 
layer, 

Wherein the conductive layer is a carbon electrode con 
taining a conductive coating ?lrn obtained by drying 
and hardening a paste Which contains as main ingre 
dients ?ne particle carbon black and graphite carbon 
black containing conductive ?ne particles of ITO, 
SnO2, ZnO, Ag, Cu, Ni, or Mo, and further contains a 
binder resin, a solvent, and an additive. 

15. A method of fabricating a solar cell, comprising: 

a ?rst step of forming a transparent electrode layer on a 
translucent substrate; 

a second step of forming a photoelectric conversion layer 
on the transparent electrode layer; 

a third step of forming a ?rst opening and a second 
opening reaching the substrate in the transparent elec 
trode layer and the photoelectric conversion layer; 

a fourth step of forming an insulating layer covering the 
?rst opening and an upper end portion of the opening; 
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a ?fth step of forming a conductive layer covering the 
photoelectric conversion layer, the insulating layer, the 
second opening and an upper end portion of the second 
opening; and 

a siXth step of forming an insulating sealing resin layer on 
the photoelectric conversion layer and the conductive 
layer, 

Wherein the conductive layer is a carbon electrode con 
taining a conductive coating ?lrn obtained by drying 
and hardening a paste Which contains as main ingre 
dients ?ne particle carbon black and graphite carbon 
black, and further contains a binder resin. 

16. A method of fabricating a solar cell, comprising: 

a ?rst step of forming a transparent electrode layer on a 
translucent substrate; 

a second step of forming a photoelectric conversion layer 
on the transparent electrode layer; 

a third step of forming a ?rst conductive layer using a 
predetermined pattern on the photoelectric conversion 
layer; 

a fourth step of forming a ?rst opening and a second 
opening reaching the substrate in the transparent elec 
trode layer and the photoelectric conversion layer; 

a ?fth step of forming an insulating layer covering the ?rst 
opening and an upper end portion of the opening; 

a siXth step of forming a second conductive layer covering 
the photoelectric conversion layer, the insulating layer, 
the second opening and an upper end portion of the 
second opening; and 

a seventh step of forming a sealing resin layer on the 
photoelectric conversion layer and the conductive 
layer, 

Wherein the conductive layer is a carbon electrode con 
taining a conductive coating ?lrn obtained by drying 
and hardening a paste Which contains as main ingre 
dients ?ne particle carbon black and graphite carbon, 
and further contains a binder resin. 

* * * * * 


