
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

22
4 

49
9

A
1

��&���������
(11) EP 2 224 499 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
01.09.2010 Bulletin 2010/35

(21) Application number: 08863219.5

(22) Date of filing: 30.09.2008

(51) Int Cl.:
H01L 31/20 (2006.01) B65G 49/06 (2006.01)

B65D 85/86 (2006.01)

(86) International application number: 
PCT/JP2008/067763

(87) International publication number: 
WO 2009/078209 (25.06.2009 Gazette 2009/26)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT 
RO SE SI SK TR
Designated Extension States: 
AL BA MK RS

(30) Priority: 18.12.2007 JP 2007325777

(71) Applicant: Mitsubishi Heavy Industries, Ltd.
Tokyo 108-8215 (JP)

(72) Inventors:  
• AKIYAMA, Masaki

Nagasaki-shi
Nagasaki 850-8610 (JP)

• INOUE, Masashi
Nagasaki-shi
Nagasaki 850-8610 (JP)

(74) Representative: Bongiovanni, Simone et al
STUDIO TORTA 
Via Viotti 9
10121 Torino (IT)
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RACK

(57) A thin-film solar-cell manufacturing system en-
abling a reduction in installation space in a factory.

The thin-film solar-cell manufacturing system in-
cludes a first common substrate storage rack (40-1), a
second common substrate storage rack (40-2), and a
plurality of processing equipments (1 to 16-2). The first
common substrate storage rack (40-1) and the second
common substrate storage rack (40-2) accommodate the
substrate being tilted. The plurality of processing equip-
ments (1 to 16-2) are used to process the substrate in

manufacturing steps of the thin film solar-cell and are
disposed in a region between the first common substrate
storage rack (40-1) and the second common substrate
storage rack (40-2), the plurality of processing equip-
ments being disposed such that one of substrate loaders
and substrate unloaders face the first common substrate
storage rack (40-1) and the other face the second com-
mon substrate storage rack (40-2). The first common
substrate storage rack (40-1) and the second common
substrate storage rack (40-2) are shared by the plurality
of processing equipments (1 to 16-2).
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Description

Technical Field

[0001] The present invention relates to a thin-film so-
lar-cell manufacturing system and a common substrate
storage rack.

Background Art

[0002] A known solar cell is a thin-film solar cell. A thin-
film solar cell is manufactured mainly by a modular-form-
ing step and a paneling step. In the modular-forming step,
a module is formed by integrating cells by depositing a
transparent electrode layer, a photoelectric conversion
layer, and a back electrode layer on a glass substrate
and by performing laser etching on each layer. In the
paneling step, a panel is formed by covering the modules
with an adhesive sheet (EVA) and a back sheet and pro-
viding a terminal box. In this way, a thin-film solar cell is
manufactured through complicated processing steps us-
ing many processing equipments.
[0003] As a system for manufacturing a thin-film solar
cell, a thin-film solar-cell manufacturing system is dis-
closed in Japanese Unexamined Patent Application,
Publication No. 2005-235904. Fig. 1 is a structural dia-
gram illustrating an embodiment of this thin-film solar-
cell manufacturing system. The arrangement of equip-
ments of the thin-film solar-cell manufacturing system
used in the steps of the amorphous silicon solar cell man-
ufacturing will be described by following the flow of the
substrate. First, in the modular-forming step, a glass sub-
strate received by a substrate loading device 101 in a
normal atmosphere 131 is processed at a substrate
cleaner 102, a control device 103, a transparent-elec-
trode-film depositing device 104, and a substrate cleaner
105. Then, the glass substrate is conveyed into a clean
room 130 by a substrate conveyer 106. Subsequently,
the glass substrate is processed at a laser etching device
107, a substrate cleaner 108, a substrate conveyer 109,
an amorphous-silicon-film depositing device (plasma
CVD device) 110, a substrate conveyer 111, a laser etch-
ing device 112, a back-electrode depositing device 113,
a substrate conveyer 114, a substrate cleaner 115, a
back surface laser etching device 116, a substrate con-
veyer 117, a power-generation inspection device 118,
and a substrate buffer device 148. The module is com-
pleted as described above. Next, in the paneling step,
after the module is conveyed to a normal atmosphere
132 by a substrate conveyer 119, it is processed at a film
polisher 120, a substrate cleaner 121, a lay-up device
122, a laminator 123, a paneling device 124, a terminal-
base attaching device 125, a substrate conveyer 126,
and a power-generation inspection device 127. Then, the
module is sorted into a performance-sorted storage con-
tainer 128. The panel is completed as described above.
[0004] In this way, the processing equipments are ar-
ranged in an S-shaped snake-like line and are sequen-

tially connected by substrate conveyers. In this thin-film
solar-cell manufacturing system, a substrate cassette
140 in which a substrate is temporarily stored is provided
for almost each processing equipment (each manufac-
turing step) as a buffer for substrate accumulation that
occurs due to the processing takt time difference or main-
tenance cycle of each processing equipment. Fig. 2 is a
structural diagram illustrating a substrate cassette. Sub-
strates 100 are horizontally stored in the substrate cas-
sette 140 in such a manner that the substrates 100 are
stored laterally and horizontally. The substrate cassette
140 can be conveyed using a ceiling crane (not shown).
[0005] As related art, Japanese Unexamined Patent
Application, Publication No. HEI-8-139153 discloses a
single wafer processing equipment, a substrate convey-
ing device, and a cassette. The single wafer processing
equipment 1 is a device for unloading a substrate stored
in the cassette in an oblique orientation and loading the
substrate into the cassette after performing various types
of substrate processing on each substrate. The single
wafer processing equipment 1 includes a cassette
mounting base on which the cassette is mounted; a first
substrate delivery unit for delivering the substrate; an in-
dexer robot for conveying each substrate while the sub-
strate is held at a vertical orientation between the cas-
sette mounted on the cassette mounting base and the
first substrate delivery unit; a plurality of processing units
for processing the substrate in an oblique orientation;
and a substrate conveying robot for conveying the sub-
strate while the substrate is held at an oblique orientation
between the first substrate delivery unit and each
processing unit. Furthermore, the Publication includes a
description of decreasing the conveying space by de-
creasing the area occupied by the cassette accommo-
dating the substrates obliquely and conveying the sub-
strates obliquely.
[0006] Japanese Unexamined Patent Application,
Publication No. HEI-10-123193 discloses an inspection
device and inspection method for a display panel sub-
strate. The inspection device inspects the display panel
substrate by contacting a probe to an electrode on the
display panel substrate placed on a worktable. The in-
spection apparatus includes a cassette, the worktable, a
substrate conveying mechanism, and a probe unit. The
cassette accommodates a plurality of display panel sub-
strates at an oblique angle of 65° to 80° with respect to
a horizontal plane. The mounting surface on the workta-
ble on which the display panel substrate is placed is dis-
posed at the above-mentioned oblique angle with respect
to a horizontal plane. The substrate conveying mecha-
nism can unload each display panel substrate in an ob-
lique orientation from the cassette and convey it in an
oblique orientation to the worktable. The probe unit faces
the mounting surface of the worktable. Furthermore, the
Publication includes a description of reducing the area
occupied by the cassette accommodating the substrates
at an oblique angle of 65° to 80° with respect to a hori-
zontal surface and preventing deformation of the sub-
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strates.
[0007] Japanese Unexamined Patent Application,
Publication No. 2001-291765 discloses a substrate stor-
age box and a processing system. The substrate storage
box has an inner space capable of accommodating one
substrate to be processed in an air-tight manner and in-
cludes a case whose inner space has an upper surface,
a side surface, and a bottom surface, one of which is
openable/closable, and a supporting member provided
inside the case in order to support the substrate to be
processed in a vertical or oblique orientation. Further-
more, the Publication includes a description of a moving
system that obliquely holds the substrates inside a dust-
proof substrate storage box.
[0008] Japanese Unexamined Patent Application,
Publication No. HEI-11-199007 discloses a conveying
method for a cassette and processing equipment. In the
processing equipment, a stocker for accommodating a
cassette and a processing equipment having a loader
unit are provided facing each other on both sides of a rail
for guiding the movement of a stacker crane having a
moving device. In addition, the stocker, the stacker crane,
and only the loader unit of the processing equipments
are disposed inside the main body of the clean room.
Furthermore, the Publication includes a description of
providing stockers at loader units of processing equip-
ments disposed in series and providing clean rooms only
for the loader units.
[0009]

Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2005-235904
Patent Document 2: Japanese Unexamined Patent
Application, Publication No. HEI-08-139153
Patent Document 3: Japanese Unexamined Patent
Application, Publication No. HEI-10-123193
Patent Document 4: Japanese Unexamined Patent
Application, Publication No. 2001-291765
Patent Document 5: Japanese Unexamined Patent
Application, Publication No. HEI-11-199007

Disclosure of Invention

[0010] As described above, the thin-film solar-cell
manufacturing system described in Japanese Unexam-
ined Patent Application, Publication No. 2005-235904 in-
cludes a plurality of substrate cassettes for temporarily
storing the substrates. However, there are the following
problems when a plurality of substrate cassettes, corre-
sponding to the manufacturing steps and the processing
equipments, are provided. In other words, a number of
substrate cassettes corresponding to the maximum
number of substrates to be stored in the manufacturing
steps and the processing equipments is required, and
the substrate cassettes thus become large, or many sub-
strate cassettes must be provided. As a result, the area
where the substrate cassettes are disposed increases
and takes up a large amount of the factory space. More-

over, since many substrate cassettes need to be man-
aged, management becomes complicated, causing an
increase in costs. Moreover, the loading and unloading
of substrates to and from the processing equipments be-
comes complicated when using only a common stocker
accommodating all of the substrates being processed,
and confusion in the processing steps may occur. In other
words, one issue is to construct a system that can easily
and accurately function when processing equipments
and groups of processing equipments whose processing
speeds and operation times, based on maintenance cy-
cles, are interspersed and not standardized are arranged
and used as a manufacturing line.
[0011] In particular, for large substrates (for example,
1.1 m � 1.4 m � 4 mmt), the distance between horizon-
tally stored substrates in a cassette must be 30 to 50 mm
or more when bending of the substrates (for example,
bending is approximately 5 mm at the center of a glass
substrate of 4 mmt supported over a width of 1.1 m) and
loading and unloading of the substrates are taken into
consideration. Therefore, the size of the substrate cas-
sette must be increased, and the installation space for
each manufacturing step in a factory increases.
[0012] The present invention has been conceived in
light of such problems, and an object of the present in-
vention is to provide a thin-film solar-cell manufacturing
system that enables the installation space in the factory
to be reduced.
[0013] Another object of the present invention is to pro-
vide a common substrate storage rack for thin-film solar-
cell manufacturing that enables the size and the instal-
lation space in the factory to be reduced.
[0014] Another object of the present invention is to pro-
vide a thin-film solar-cell manufacturing system and a
common substrate storage rack that function as buffers
for substrate accumulation and that are capable of re-
sponding flexibly to changes in delayed manufacturing
steps.
[0015] To achieve the objects described above, the
present invention provides the following solutions.
A thin-film solar-cell manufacturing system according to
a first aspect of the present invention comprises a first
common substrate storage rack for accommodating sub-
strates tilted from the vertical direction; and a plurality of
processing equipments that process the substrates in
manufacturing steps of thin-film solar cells and that are
arranged to unload the processed substrates to the first
common substrate storage rack. The first common sub-
strate storage rack is shared by the plurality of processing
equipments and accommodates the substrates regard-
less of the processing order of the manufacturing steps.
[0016] With the thin-film solar-cell manufacturing sys-
tem according to the first aspect of the present invention,
by appropriately providing the first common substrate
storage rack which accommodates the substrates re-
gardless of the processing order of the manufacturing
steps, at least some of the processing equipments can
be arranged in series by using the first common substrate
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storage rack. In this way, the thin-film solar-cell manu-
facturing system can be used in thin-film solar-cell man-
ufacturing and can reduce the factory construction cost.
Moreover, with the thin-film solar-cell manufacturing sys-
tem according to the first aspect of the present invention,
the common substrate storage rack is shared by the
processing equipments to accommodate the substrates.
In other words, the common substrate storage racks are
not used for specific processing equipments but are
shared by a plurality of processing equipments. In this
way, the numbers of substrates stored in the common
substrate storage racks do not have to correspond to the
maximum number required by the processing equip-
ments, and thus the common substrate storage racks
can be efficiently used, and the size can be reduced. As
a result, the entire installation space is significantly re-
duced compared with the storage space of the substrate
cassettes installed in an S-shaped snake-like line, as
shown in the related art in Fig. 1.
[0017] The above-described thin-film solar-cell manu-
facturing system may include a second common sub-
strate storage rack for accommodating substrates tilted
from the vertical direction; and a substrate-processing
control device for controlling the processing order of the
substrates. The plurality of processing equipments may
be disposed in a region between the first common sub-
strate storage rack and the second common substrate
storage rack, the plurality of processing equipments be-
ing arranged such that one of substrate loaders and sub-
strate unloaders face the first common substrate storage
rack and the other face the second common substrate
storage rack. The first common substrate storage rack
and the second common substrate storage rack may be
shared by the plurality of processing equipments. The
substrate-processing control device may control loading
and unloading of the substrates to and from at least some
of the processing equipments and control the loading and
unloading of the substrates to and from the first common
substrate storage rack and the second common sub-
strate storage rack.
[0018] With the above-described thin-film solar-cell
manufacturing system, two common substrate storage
racks are shared by the plurality of processing equip-
ments to accommodate the substrates. In other words,
the two common substrate storage racks are not used
for specific processing equipments but are shared by a
plurality of processing equipments. In this way, the num-
bers of substrates stored in the common substrate stor-
age racks do not have to correspond to the maximum
number required by the processing equipments, and thus
the common substrate storage racks can be efficiently
used, and the size can be reduced. As a result, the entire
installation space is significantly reduced compared with
the storage space of the substrate cassettes installed in
an S-shaped snake-like line, as shown in the related art
in Fig. 1.
[0019] With the above-described thin-film solar-cell
manufacturing system, since the two common substrate

storage racks and the plurality of processing equipments
are disposed such that the loaders and unloaders face
each other, the moving distances of the substrate can be
significantly reduced. In this way, an increase in space
for the moving path required for moving the substrates
can be significantly suppressed. Furthermore, since the
moving distance is short, the moving time can be re-
duced, thus improving throughput efficiency. The
processing equipments have separate loaders and un-
loaders and form an assembly line in which substrates
enter from one side and exit from the other side. Since
two common substrate storage racks are on both sides,
the substrates can be temporarily stored in an extremely
efficient manner.
[0020] Here, when two units "face each other", they
are disposed substantially opposite to each other, and a
device for moving the substrates, such as a substrate
moving device, or a device for changing the orientation
of the substrates may be provided. The substrates may
not only be unprocessed substrates but also substrates
processed in various ways by the processing equip-
ments. Each of the processing equipments is not limited
to a single equipment unit and may be a group of equip-
ments performing a processing sequence or a group of
equipments having a substrate conveying path. "To
share" may be to use the same substrate storage space
in each of the two common substrate storage racks by
different processing equipments.
[0021] According to Patent Document 1, a substrate
cassette is provided for each processing equipment, and
a common substrate storage rack, such as that according
to the present invention shared by processing equip-
ments, is not used. Therefore, compared with the present
invention, the installation space is large.
[0022] According to Patent Document 2, it is not men-
tioned whether a cassette is shared so that the same
substrate storage space can be used by different
processing equipments. Since the cassette is not dis-
posed facing the processing equipments, extra space for
a moving path (rail) is required for moving the substrates.
In addition, since the cassette is disposed only on one
side of the processing equipments, not both sides, the
equipments cannot be used in an assembly line.
[0023] According to Patent Document 3, since there is
one processing equipment, a configuration in which a
plurality of processing equipments share a cassette is
not described. Since the cassette is disposed only on
one side of the processing equipments, not both sides,
the equipments cannot be used in an assembly line.
[0024] According to Patent Document 4, it is not men-
tioned whether or not a cassette station is shared so that
the same substrate storage space can be used by differ-
ent processing equipments. Also, since the cassette sta-
tion does not face the processing equipments, when a
substrate is moved to a processing equipment far away
from the cassette station, the moving distance becomes
long. In addition, since the cassette is disposed only on
one side of the processing equipments, not both sides,
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the equipments cannot be used in an assembly line.
[0025] According to Patent Document 5, it is not men-
tioned whether or not a stocker is shared so that the same
substrate storage space can be used by different
processing equipments. In addition, since the cassette
is disposed only on one side of the processing equip-
ments, not both sides, the equipments cannot be used
in an assembly line.
[0026] In the above-described thin-film solar-cell man-
ufacturing system, at least some of the plurality of
processing equipments may be arranged in series with
each other via the first common substrate storage rack
or the second common substrate storage rack, and the
arrangement order of at least some of the plurality of
processing equipments may not follow the manufacturing
steps of the thin-film solar cells.
Shared by the plurality of processing equipments and by
using the common substrate storage racks installed in
the periphery of the processing equipments, the plurality
of processing equipments can be arranged at positions
appropriate to their placement in the thin-film solar-cell
manufacturing factory, not according to the order of the
thin-film solar-cell manufacturing steps. This is because
at least some of the processing equipments can be ar-
ranged in series with each other by sharing the common
substrate storage racks, and thus the substrates can be
unloaded wherever they are stored, regardless of the ar-
rangement order of the processing equipments. Accord-
ingly, the substrates can be efficiently conveyed to the
processing equipment for the next processing step. Since
at least some of the plurality of processing equipments
are disposed in series, the gaps between the processing
equipments are used as a common maintenance space.
Therefore, the maintenance space can be reduced at the
same time.
[0027] With the above-described thin-film solar-cell
manufacturing system, the order of the manufacturing
steps of the thin-film solar cells of at least some of the
plurality of processing equipments may be changed by
the substrate-processing control device, without chang-
ing the arrangement order of the plurality of processing
equipments.
In other words, even when there is a change in the order
of some of the manufacturing steps of the thin-film solar
cell, the processing equipments corresponding to the
changed processing steps do not have to be moved/re-
installed; rather, the order of the manufacturing steps can
be changed by changing the control program of the sub-
strate-processing control device.
[0028] With the above-described thin-film solar-cell
manufacturing system, it is preferable that each of the
plurality of processing equipments be arranged at a re-
gion assigned on the basis of the height of the plurality
of processing equipment.
By arranging the plurality of processing equipments in a
region assigned based on the height, from the floor, of
the plurality of processing equipments and not in the or-
der of the manufacturing steps of the thin-film solar cells,

the space surrounding the plurality of processing equip-
ments can be efficiently used. For example, space in the
factory can be efficiently used by closely arranging lower
processing equipments and lowering the ceiling at the
space above these processing equipments and by ar-
ranging equipments for other processing steps on a sec-
ond floor constructed in the space above. In this way, the
construction costs of the factory building can be reduced.
[0029] With the above-described thin-film solar-cell
manufacturing system, it is preferable that each of the
plurality of processing equipments be arranged in a re-
gion assigned on the basis of the utility to be used by the
processing equipment.
By arranging the plurality of processing equipments in a
region assigned based on the utilities used by the plurality
of processing equipments and not in the order of the man-
ufacturing steps of the thin-film solar cells, piping and
wiring associated with the utilities can be shortened and
simplified and thus can be used safely.
[0030] With the above-described thin-film solar-cell
manufacturing system, it is preferable that the first com-
mon substrate storage rack include a first cleaning device
for maintaining the cleanliness level of an inner atmos-
phere at a cleanliness level higher than an outside at-
mosphere. Furthermore, it is preferable that the second
common substrate storage rack include a second clean-
ing device for maintaining the cleanliness level of the
inner atmosphere at a cleanliness level higher than the
outside atmosphere.
Since each of the two common substrate storage racks
includes a cleaning device, the cleanliness level of the
inner atmosphere of the racks can be maintained higher
than that of the outside atmosphere. Since the capacity
of the two common substrate storage racks is limited, a
large amount of ventilation flow is not required for the
cleaning devices. As a result, the cleanliness level of the
substrates can be maintained at a significantly high level
at low cost.
[0031] It is preferable that the above-described thin-
film solar-cell manufacturing system further includes a
first chamber, a third cleaning device, a second chamber,
and a fourth cleaning device. The first chamber includes
a space between the first common substrate storage rack
and the plurality of processing equipments. The third
cleaning device maintains the cleanliness level of an at-
mosphere inside the first chamber at a cleanliness level
higher than an atmosphere in other regions. The second
chamber includes a space between the second common
substrate storage rack and the plurality of processing
equipments. The fourth cleaning device maintains the
cleanliness level of an atmosphere inside the second
chamber at a cleanliness level higher than an atmos-
phere in other regions.
Since the space between the common substrate storage
racks and the processing equipments is covered by the
first chamber and the second chamber and cleaned with
the cleaning devices, both chambers can be maintained
at a high cleanliness level. As a result, the cleanliness
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level can be maintained higher than that of the common
substrate storage racks. In this way, strict management,
such as constructing the entire factory as a clean room,
is not required, and the cost of the factory can be reduced.
Moreover, since each processing equipment in the fac-
tory can be arranged in a normal atmosphere outside the
clean room, special work management involving wearing
lint-free clothes is not required. In particular, the opera-
bility during maintenance can be improved, thus improv-
ing productivity. Since the space in which a clean envi-
ronment needs to be maintained can be limited, and op-
erating costs, such as the power for fans used to ventilate
the HEPA filter of the clean room, can be significantly
reduced.
[0032] It is preferable that the above-described thin-
film solar-cell manufacturing system further includes a
first substrate moving device and a second substrate
moving device. The first substrate moving device moves
the substrates inside the first chamber. The second sub-
strate moving device moves the substrates inside the
second chamber. In this case, it is preferable that the first
substrate moving device include a fifth cleaning device
for maintaining the cleanliness level of the inside atmos-
phere at a cleanliness level higher than the outside at-
mosphere. It is preferable that the second substrate mov-
ing device include a sixth cleaning device for maintaining
the cleanliness level of the inside atmosphere at a clean-
liness level higher than the outside atmosphere.
By using the first substrate moving device including the
fifth cleaning device and the second substrate moving
device including the sixth cleaning device, the substrates
can be kept clean even when they are being moved.
[0033] With the above-described thin-film solar-cell
manufacturing system, it is preferable that the tilt of the
substrates being stored be between 5° or larger and 15°
or smaller from the vertical direction.
When the substrates are stored while tilted from the ver-
tical direction, it is preferable that the substrates be tilted
at an angle of 5° or larger from the vertical direction in
order to stably hold the substrates by their own weight,
and it is preferable that the substrates be tilted from the
vertical direction at an angle 15° or smaller so as to re-
duce the space of the devices. At this time, the bending
of the substrates at the above-described tilted angle is
reduced to approximately 1/10 of that when the substrate
is horizontal. In this way, the distance between substrates
loaded in the common substrate storage racks can be
reduced to, for example, approximately 30 mm from ap-
proximately 50 mm, which is the distance when the sub-
strates are horizontal. As a result, the installation space
of the common substrate storage racks can be reduced
by approximately 20% compared to the case when the
substrates are horizontal.
[0034] With the above-described thin-film solar-cell
manufacturing system, it is preferable that each of the
first common substrate storage rack and the second com-
mon substrate storage rack each include a plurality of
substrate storage racks. It is preferable that the plurality

of substrate storage racks be replaceable by other sub-
strate storage racks that are of the same configuration
as the plurality of substrate storage racks.
When one substrate storage rack is filled with substrates
that are in the middle of processing steps, the substrate
storage rack may be moved to another storage space by
being removed with a ceiling crane or a forklift. Then, an
empty substrate storage rack can be inserted in its place.
In this way, if one of the substrate storage racks is filled
and is unable to accommodate subsequent substrates,
other substrate storage racks can be used instead, and
flexible operation becomes possible.
[0035] The above-described thin-film solar-cell manu-
facturing system may include a substrate conveyer that
is provided between the first common substrate storage
rack and the second common substrate storage rack, the
substrate conveyer maintaining the cleanliness level of
the inside atmosphere at a cleanliness level higher than
the outside atmosphere and moving the substrates from
one of the first common substrate storage rack and the
second common substrate storage rack to the other.
Since the substrates can be moved between the first
common substrate storage rack and the second common
substrate storage rack in an atmosphere with a high
cleanliness level, the substrates can be kept cleaner. By
using the substrate moving device, not only it is possible
to share the substrate storage space in the first common
substrate storage rack but it is also possible to substan-
tially share the substrate storage space included in the
second common substrate storage rack. As a result, the
flexibility of the substrate storage space can be improved,
and even when the amount of margin in substrate storage
in the first common substrate storage rack and the sec-
ond common substrate storage rack is reduced, appro-
priate operation can be carried out, and the factory con-
struction cost can be reduced. A plurality of substrate
conveyers may be provided.
[0036] A common substrate storage rack according to
a second aspect of the present invention includes a plu-
rality of substrate storage racks and a plurality of cleaning
devices. The plurality of substrate storage racks accom-
modate substrates tilted from the vertical direction and
is provided in series in a direction different from the load-
ing and unloading direction of the substrates. The plural-
ity of cleaning devices are provided for the respective
substrate storage racks, each cleaning device supplying
air of a cleanliness level higher than the cleanliness level
of ambient atmosphere to the corresponding substrate
storage rack. One of substrate loaders and substrate un-
loaders of the plurality of processing equipments that are
used in manufacturing steps of thin-film solar cells face
the plurality of substrate storage racks and are disposed
such as to be shared by the plurality of processing equip-
ments. Each of the plurality of substrate storage racks is
replaceable by other substrate storage rack that is of the
same configuration as each of the plurality of substrate
storage racks.
[0037]  With the above-described common substrate
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storage rack, each of the substrate storage racks in-
cludes a cleaning device and an opening mechanism. In
this way, the substrates can be kept clean. The sub-
strates are tilted from the vertical direction, warpage of
the substrates caused by the substrates’ own weight is
smaller than that when the substrates are in a horizontal
orientation, and the substrate installation positions can
be maintained by the substrates’ own weight more stably
than a vertical orientation, even in a small space. There-
fore, installation area can be significantly reduced. Since
the substrate storage rack and the plurality of processing
equipments are disposed such that their loaders or un-
loaders face, the moving distance of the substrates can
be significantly reduced. In this way, an increase in space
for the moving path required for moving the substrates
can be significantly suppressed, and the takt time re-
quired for substrate storage processing can be reduced.
[0038] A third aspect of the present invention is a meth-
od of manufacturing thin-film solar cells using a thin-film
solar-cell manufacturing system. The thin-film solar-cell
manufacturing system includes a first common substrate
storage rack, a second common substrate storage rack,
and a plurality of processing equipments. The first com-
mon substrate storage rack and the second common
substrate storage rack accommodate substrates while
tilting the substrates from the vertical direction. The plu-
rality of processing equipments process the substrates
in manufacturing steps of thin-film solar-cells and are dis-
posed in a region between the first common substrate
storage rack and the second common substrate storage
rack such that one of substrate loader and substrate un-
loaders face the first common substrate storage rack and
the other face the second common substrate storage
rack. Furthermore, a substrate-processing control device
for controlling the processing order of the substrates is
included. The first common substrate storage rack and
the second common substrate storage rack are shared
by the plurality of processing equipments, and the sub-
strate-processing control device controls loading and un-
loading of the substrates to and from at least some of the
plurality of processing equipments and controls the load-
ing and unloading of the substrates to and from the first
common substrate storage rack and the second common
substrate storage rack.
The method of manufacturing thin-film solar cells in-
cludes the steps of (a) unloading substrates accommo-
dated in the first common substrate storage rack or the
second common substrate storage rack and loading the
substrates to one of the corresponding processing equip-
ments among the plurality of processing equipments; (b)
processing the loaded substrates with the corresponding
processing equipment; and (c) unloading the processed
substrates from the corresponding processing
equipment , loading, and storing the substrates in the
first common substrate storage rack or the second com-
mon substrate storage rack.
[0039] With the above-described method of manufac-
turing thin-film solar cells, two common substrate storage

racks are shared by the plurality of processing equip-
ments to accommodate the substrates. In this way, the
numbers of substrates accommodated in the common
substrate storage racks do not have to correspond to the
maximum number required by the processing equip-
ments, and thus the common substrate storage racks
can be efficiently used, and the size can be minimized.
Since the two common substrate storage racks and the
plurality of processing equipments are disposed such
that their loaders or unloaders face, the moving distance
of the substrates can be significantly reduced. In this way,
an increase in space for the moving path required for
moving the substrates can be significantly suppressed.
Furthermore, since the moving distance is short, the mov-
ing time can be reduced, thus improving work efficiency.
At least some of the processing equipments have sepa-
rate loaders and unloaders and form a line in which sub-
strates enter from one side and exit from the other side.
Since two common substrate storage racks are on both
sides, the loading direction and the unloading direction
do not have to be restricted, and the substrates can be
temporarily stored in an efficient manner.
[0040] With the above-described thin-film solar-cell
manufacturing system, installation space in the factory
can be reduced, and the maintainability of the processing
equipments can be improved. With the above-described
substrate storage rack, the size and the installation space
of the substrate storage rack can be reduced, and a clean
environment can be easily maintained. By functioning as
a buffer for substrate accumulation, flexible operation re-
sponding to changes in the accumulation that occur dur-
ing the manufacturing steps is possible. The takt time
required for a substrate storage process can be short-
ened, and the production efficiency can be increased.

Brief Description of Drawings

[0041]

[FIG. 1] Fig. 1 is a structural diagram illustrating an
example of a thin-film solar-cell manufacturing sys-
tem according to the related art.
[FIG. 2] Fig. 2 is a structural diagram illustrating a
substrate cassette according to the related art.
[FIG. 3] Fig. 3 is a structural diagram illustrating a
thin-film solar-cell manufacturing system according
to an embodiment.
[FIG. 4A] Fig. 4A is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4B] Fig. 4B is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4C] Fig. 4C is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4D] Fig. 4D is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
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solar-cell manufacturing system.
[FIG. 4E] Fig. 4E is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4F] Fig. 4F is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4G] Fig. 4G is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4H] Fig. 4H is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 4I] Fig. 4I is a schematic view of a manufactur-
ing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5A] Fig. 5A is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5B] Fig. 5B is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5C] Fig. 5C is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5D] Fig. 5D is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5E] Fig. 5E is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 5F] Fig. 5F is a schematic view of a manufac-
turing step of a thin-film solar cell using the thin-film
solar-cell manufacturing system.
[FIG. 6A] Fig. 6A is a schematic view of the config-
uration of a common substrate storage rack accord-
ing to this embodiment.
[FIG. 6B] Fig. 6B is a schematic view of the config-
uration of the common substrate storage rack ac-
cording to this embodiment.
[FIG. 7A] Fig. 7A is a schematic view of an example
of use of the common substrate storage rack accord-
ing to this embodiment.
[FIG. 7B] Fig. 7B is a schematic view of an example
of the use of the common substrate storage rack
according to this embodiment.
[FIG. 8] Fig. 8 is a perspective view of the configu-
ration of a substrate storage rack according to this
embodiment.
[FIG. 9] Fig. 9 is a schematic view of the substrate
storage rack when a substrate is being supported.
[FIG. 10] Fig. 10 is a perspective view of an opening
mechanism of the substrate storage rack according
to this embodiment.
[FIG. 11] Fig. 11 is a top view of the opening mech-
anism of the substrate storage rack according to this
embodiment.
[FIG. 12] Fig. 12 is a perspective view of the config-

uration of a substrate moving device according to
this embodiment.
[FIG. 13] Fig. 13 is a perspective view of the opera-
tion of lower-substrate supporting rollers according
to this embodiment.
[FIG. 14A] Fig. 14A is a schematic view of the sub-
strate moving device when a substrate is being sup-
ported.
[FIG. 14B] Fig. 14B is a schematic view of the sub-
strate moving device when the substrate is being
moved.
[FIG. 15A] Fig. 15A is a schematic view of the lower-
substrate supporting rollers when the substrate is
being supported or moved.
[FIG. 15B] Fig. 15B is a schematic view of the lower-
substrate supporting rollers when the substrate is
being grabbed.
[FIG. 16] Fig. 16 is a perspective view of another
configuration of a substrate moving device according
to this embodiment.
[FIG. 17] Fig. 17 is a perspective view of another
configuration of a substrate moving device according
to this embodiment.
[FIG. 18] Fig. 18 is a perspective view of the config-
uration of a substrate moving device according to
this embodiment.

Explanation of Reference Signs:

[0042]

1: substrate loading device
2: substrate cleaner
4: transparent-electrode depositing equipment (ther-
mal CVD equipment)
7: TCO (transparent electrode) laser etching equip-
ment
8: substrate cleaner
9: substrate conveyer
10: photoelectric-conversion-layer depositing equip-
ment (plasma CVD equipment)
12: photoelectric-conversion-layer laser etching
equipment 13: back surface electrode depositing
equipment (sputtering equipment)
15: substrate cleaner
16-1: back surface laser etching equipment
16-2: insulation laser etching equipment
17: substrate-processing control device 20-1, 20-1,
22: region
30: thin-film solar-cell manufacturing system 30-1,
30-2: boundary (side surface)
40, 40-1, 40-2: common substrate storage rack 41,
41a to 41g: substrate storage rack
42: filter device
43: upper-substrate supporting roller
43a: roller
44: lower-substrate supporting roller
44a: roller
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44b: depressed section
45: case
46: opening mechanism
47: sheet
48, 48-1, 48-2: sheet storage section
49: open section
50: moving rail
51: substrate moving device
52: filter device
53: upper-substrate supporting roller
53a: roller
54: lower-substrate supporting roller
54a, 54b, 54b-1, 54b-1’, 54b-2, 54b-2’: member
54c: roller
54c-1, 54c-2: roller member
54e: depressed section
54f: roller driving section
55: clean bench
56: mover moving device
57: mover-section vertical-moving device
58: mover-section supporting base
61: substrate moving device
62: filter device
63: substrate-side supporting roller
64: substrate-side supporting roller
65: clean bench
66: mover moving device
67: mover-section vertical-moving device
68: mover-section supporting base
69: moving-section roller
70: moving rail
72: filter device
73: upper-substrate supporting roller
74: lower-substrate supporting roller
75: clean bench
81: substrate
82: transparent electrode layer
83: photoelectric conversion layer
84: back surface electrode layer
85: solar cell
86: module
90, 91, 92: separation groove
94: peripheral region
95: insulation groove
97: cover sheet
98: terminal box
200: gas related facility

Best Mode for Carrying Out the Invention

[0043] An embodiment of the present invention will be
described below with reference to the drawings. Fig. 3 is
a structural diagram of a thin-film solar-cell manufactur-
ing system according to this embodiment. A thin-film so-
lar-cell manufacturing system 30 is installed inside a thin-
film solar-cell factory and is for manufacturing thin-film
solar cells, such as amorphous solar cells and tandem
solar cells, on substrates, such as transparent glass sub-

strates. The thin-film solar-cell manufacturing system 30
includes a plurality of processing equipments and com-
mon substrate storage racks 40 (40-1 and 40-2) installed
in a room with a normal atmosphere.
[0044] The plurality of processing equipments is used
in the manufacturing steps of thin-film solar cells. As an
example of the plurality of processing equipments used
up to the module manufacturing step, it is provided with
a substrate loading device 1, a substrate cleaner 2, a
transparent-electrode depositing equipment (thermal
CVD equipment) 4, a TCO (transparent electrode) laser
etching equipment 7, a substrate cleaner 8, a substrate
conveyer 9, a photoelectric-conversion-layer depositing
equipment (plasma CVD equipment) 10, a photoelectric-
conversion-layer laser etching equipment 12, a back sur-
face electrode depositing equipment (sputtering equip-
ment) 13, a substrate cleaner 15, a back surface laser
etching equipment 16-1, and an insulation laser etching
equipment 16-2. These processing equipments are ar-
ranged such that the processing equipments used in
each manufacturing step and groups of the processing
equipments used in consecutive steps are generally
aligned in series in an area 22 flanked by the common
substrate storage racks 40-1 and 40-2. Each of the
processing equipments may be a combination of equip-
ments used for performing a processing sequence.
[0045] The common substrate storage racks 40-1 and
40-2 are buffers commonly used by each of the process-
ing equipments to absorb substrate accumulation. The
common substrate storage racks 40-1 and 40-2 are pro-
vided along two boundaries (side surfaces) 30-1 and 30-2
facing the area where the thin-film solar-cell manufactur-
ing system 30 is disposed. In other words, the common
substrate storage racks 40-1 and 40-2 are disposed
around the groups of processing equipments such that
they face the substrate loader and unloader of each of
the processing equipments. Designated areas (fixed ar-
eas) for storing substrates processed at specific process-
ing equipments are not provided for the common sub-
strate storage racks 40-1 and 40-2; instead, the racks
are shared by all of the processing equipments. Not only
substrates that are not yet processed but also substrates
that have been processed by the processing equipments
will be referred to as "substrates".
[0046] The loading and unloading of the substrates to
and from the common substrate storage racks 40-1 and
40-2 and the processing equipments are performed by
substrate moving devices (described below) that operate
mainly while moving in the X direction in areas 20-1 and
20-2. The areas 20-1 and 20-2 are areas between the
area 22 and the common substrate storage racks 40-1
and 40-2, respectively. The substrate moving devices
are not for specific processing equipments and can be
shared by all processing equipments. One or more sub-
strate moving devices may be provided for each of the
areas 20-1 and 20-2.
[0047] The processing order of the substrates is con-
trolled by a substrate-processing control device 17. The
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substrate-processing control device 17 controls the load-
ing and unloading of substrates to and from at least some
of the processing equipments and controls the loading
and unloading of substrates to and from the first common
substrate storage rack 40-1 and the second common
substrate storage rack 40-2. Furthermore, the substrate-
processing control device 17 links the substrate moving
devices, links each of the substrate moving devices with
each of the processing equipments, and is controlled by
a control program installed in a computer (not shown) for
controlling the substrate-processing control device 17.
In the substrate-processing control device 17, transmis-
sion and reception of information and commands be-
tween the substrate moving devices, between the sub-
strate moving devices and the processing equipments,
and among the substrate moving devices, the processing
equipments, and the computer can be performed, for ex-
ample, via a wireless LAN in the thin-film solar-cell man-
ufacturing system 30. The control program may store the
substrate positions (including storage positions) and
loading and unloading of substrates to and from the com-
mon substrate storage racks 40 in a recording area ex-
clusively used for the control computer. Furthermore,
substrate IDs of the substrates may be used for manage-
ment. The substrate IDs may be used in the processing
steps of the processing equipments and for quality con-
trol of the processed substrates in association with inter-
mediate inspection steps. The substrate IDs may be read
by reading devices provided in the substrate moving de-
vices and sent to the computer so as to confirm the load-
ing and/or unloading to and from the common substrate
storage racks 40.
[0048] The association of the processing equipments
with the manufacturing steps of the thin-film solar cell will
be described. Figs. 4A to 4H and 5A to 5F are schematic
views of the manufacturing steps of the thin-film solar
cell using the thin-film solar-cell manufacturing system.
First, a thin-film solar cell in the main steps of thin-film
solar-cell manufacturing is described with reference of
Figs. 4A to 4H and 5A to 5F. Here, the modular-forming
step includes the following steps (A) to (H), which are
shown in Figs. 4A to 4H, respectively:

(A) Fig. 4A: receiving and cleaning a substrate 81;
(B) Fig. 4B: depositing a transparent electrode layer
82 on the substrate 81;
(C) Fig. 4C: forming separation grooves 90 by laser
etching the transparent electrode layer 82, and
cleaning;
(D) Fig. 4D: depositing a photoelectric conversion
layer 83 on the transparent electrode layer 82;
(E) Fig. 4E: forming separation grooves 91 by laser
etching the photoelectric conversion layer 83, and
cleaning;
(F) Fig. 4F: depositing a back surface electrode layer
84 on the photoelectric conversion layer 83;
(G) Fig. 4G: forming separation grooves 92 by laser
etching the photoelectric conversion layer 83 and

the back surface electrode layer 84, and cleaning;
and
(H) Fig. 4H: forming insulation grooves 95 by laser
etching the transparent electrode layer 82, the pho-
toelectric conversion layer 83, and the back surface
electrode layer 84, cleaning, and completing a mod-
ule 86.

[0049] The paneling step includes the following steps
(I) to (N), as shown in Figs. 5A to 5F:

(I) Fig. 5A: removing the transparent electrode layer
82, the photoelectric conversion layer 83, and the
back surface electrode layer 84 in a peripheral area
94, and cleaning;
(J) Fig. 5B: bonding a cover sheet 97;
(K) Fig. 5C: attaching a terminal box 98;
(L) Fig. 5D: injecting sealant;
(M) Fig. 5E: inspecting power generation; and
(N) Fig. 5F: completing the thin-film solar cell panel.

[0050] The relationship between the processing equip-
ments and the common substrate storage racks 40 in the
manufacturing steps of the thin-film solar cell and the flow
of a substrate is described below with reference to Figs.
3 to 5F.

(A) The substrate is received by the substrate load-
ing device 1 ((1) in Fig. 3). Next, the substrate is
cleaned at the substrate cleaner 2 ((2) in Fig. 3 and
Fig. 4A). The substrate is unloaded from the sub-
strate cleaner 2 by the substrate moving device and
is loaded into the common substrate storage rack
40-2.
(B) The substrate is unloaded from the common sub-
strate storage rack 40-2 by the substrate moving de-
vice and is loaded into the transparent-electrode de-
positing equipment (thermal CVD equipment) 4.
Then, the transparent electrode layer 82 is deposited
on the substrate at the transparent-electrode depos-
iting equipment 4 ((3) in Fig. 3 and Fig. 4B). The
substrate is unloaded from the transparent-electrode
depositing equipment 4 by the substrate moving de-
vice and is loaded into the common substrate stor-
age rack 40-1.
(C) The substrate is unloaded from the common sub-
strate storage rack 40-1 and is loaded into the TCO
(transparent electrode) laser etching equipment 7.
Then, the separation grooves 90 are formed in the
transparent electrode layer 82 by laser etching per-
formed by the TCO laser etching equipment 7 ((4)
in Fig 3 and Fig 4C). In this way, the transparent
electrode layer 82 is separated into strips. Subse-
quently, the substrate is cleaned by the substrate
cleaner 8 ((5) in Fig. 3). The substrate is unloaded
from the substrate cleaner 8 by the substrate moving
device and is loaded into the common substrate stor-
age rack 40-2. Otherwise, the substrate is unloaded

17 18 



EP 2 224 499 A1

11

5

10

15

20

25

30

35

40

45

50

55

from the substrate cleaner 8, is loaded into the sub-
strate conveyer 9 by the substrate moving device, is
conveyed by the substrate conveyer 9 ((6) in Fig. 3),
is unloaded by the substrate conveyer 9 by the sub-
strate moving device, and is loaded into the common
substrate storage rack 40-1.
(D) The substrate is unloaded from the common sub-
strate storage rack 40-1 by the substrate moving de-
vice and is loaded into the photoelectric-conversion-
layer depositing equipment (plasma CVD equip-
ment) 10. Then, the photoelectric conversion layer
83 is deposited on the transparent electrode layer
82 by the photoelectric-conversion-layer depositing
equipment 10 ((7) in Fig. 3 and Fig. 4D). The photo-
electric conversion layer 83 is normally deposited of
semiconductor layers, i.e., a p layer, an i layer, and
an n layer. When the photoelectric conversion layer
83 is a tandem type, the substrate is unloaded from
the common substrate storage rack 40-2, is loaded
into the substrate conveyer 9 by the substrate mov-
ing device, is conveyed by the substrate conveyer 9
((6) in Fig. 3), is unloaded from the substrate con-
veyer 9 by the substrate moving device, and is load-
ed into the photoelectric-conversion-layer deposit-
ing equipment (plasma CVD equipment) 10. Then,
the photoelectric conversion layer 83, which is the
bottom layer of the tandem type solar cell, is depos-
ited by the photoelectric-conversion-layer depositing
equipment 10 ((7) in Fig. 3 and Fig. 4D).
(E) The separation grooves 91 are formed in the pho-
toelectric conversion layer 83 by laser etching per-
formed by the photoelectric-conversion-layer laser
etching equipment 12 ((8) in Fig. 3 and Fig. 4E). In
this way, the photoelectric conversion layer 83 is
separated into strips at positions slightly misaligned
from the etching positions of the transparent elec-
trode layer 82. The substrate is unloaded from the
photoelectric-conversion-layer laser etching equip-
ment 12 by the substrate moving device and is load-
ed into the common substrate storage rack 40-2.
(F) The substrate is unloaded from the common sub-
strate storage rack 40-2 by the substrate moving de-
vice and is loaded into the back surface electrode
depositing equipment (sputtering equipment) 13.
Then, the back surface electrode layer 84 is depos-
ited on the photoelectric conversion layer 83 by the
back surface electrode depositing equipment 13 ((9)
in Fig. 3 and Fig. 4F). The substrate is unloaded from
the back surface electrode depositing equipment 13
by the substrate moving device and is loaded into
the common substrate storage rack 40-1.
(G) The substrate is unloaded from the common sub-
strate storage rack 40-1 by the substrate moving de-
vice and is loaded into the substrate cleaner 15.
Then, the substrate is cleaned at the substrate clean-
er 15 ((10) in Fig. 3). Subsequently, the separation
grooves 92 are formed in the back surface electrode
layer 84 and the photoelectric conversion layer 83

via laser etching performed by the back surface laser
etching equipment 16-1 ((11) in Fig. 3 and Fig. 4G).
In this way, the back surface electrode layer 84 and
the photoelectric conversion layer 83 are separated
into strips at positions further misaligned from the
etching positions, to form the module 86 in which
strips of a plurality of solar cells 85 are connected in
series.
(H) The insulation grooves 95 are formed in the back
surface electrode layer 84, the photoelectric conver-
sion layer 83, and the transparent electrode layer 82
via laser etching performed by the insulation laser
etching equipment 16-2 ((12) in Fig. 3 and Fig. 4H).
In this way, two opposing sides of the module 86 are
isolated. The substrate is unloaded from the insula-
tion laser etching equipment 16-2 by the substrate
moving device and is loaded into the common sub-
strate storage rack 40-2. In Fig. 4H, the Y direction
is the same direction as the longitudinal direction of
the solar cells 85 in the module 86, shown in Fig. 4I,
and the X direction is the direction orthogonal to the
Y direction.

[0051] When there is a device with a short device
length included in the processing equipments installed
in the space between the common substrate storage
racks 40-1 and 40-2, a substrate conveyer having a re-
quired length is additionally installed at the loading side
or the unloading side of the processing equipment in or-
der to allow substrates to be loaded and unloaded to and
from the substrate moving device. For any of the process-
ing equipments whose substrate loading and/or unload-
ing directions do not face the common substrate storage
racks 40-1 and 40-2, additional devices for rotating the
loading and unloading directions of the substrate are pro-
vided.
[0052] The substrates can move between the common
substrate storage racks 40-1 and 40-2 by the substrate
conveyer 9. However, by providing a plurality of substrate
conveyers 9, if required, the takt time for moving the sub-
strates can be reduced, thus improving the flexibility of
the manufacturing line.
[0053] Subsequently, in the paneling step, the
processing equipments may be installed in other sections
of the factory since the installation atmosphere of the
processing equipments may be a usual environment that
does not have to be as clean as that required for the
modular-forming step. For example, a processing equip-
ment that performs the steps carried out from the film
polisher 120 to the performance-sorted storage container
128 of Japanese Unexamined Patent Application, Pub-
lication No. 2005-235904 which is shown in Fig. 1, may
be installed in a floor above, below, or adjacent to the
floor where the modular-forming step shown in Fig. 3 is
performed.

(I) The back surface electrode layer 84, the photoe-
lectric conversion layer 83, and the transparent elec-
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trode layer 82 in the peripheral area 94 of the sub-
strate removed from a common substrate storage
rack 40-2 is removed by polishing carried out by the
film polisher 120 (Fig. 5A).
(J) Subsequently, the substrate is cleaned at the sub-
strate cleaner 121, and the cover sheet 97 is bonded
to the substrate at the lay-up equipment 122, the
laminator 123, and the paneling equipment 124 (Fig.
5B).
(K) Next, a terminal box is attached to the substrate
at the terminal-base attaching equipment 125 (Fig.
5C).
(L) The terminal box is filled with sealant (potting
agent) and is sealed airtight (Fig. 5D).
(M) Then, the substrate is conveyed by the substrate
conveyer 126 to the power-generation inspection
equipment 127, where power generation inspection
is performed (Fig. 5E).
(N) Then, the substrate is sorted into the perform-
ance-sorted storage container 128 as a final product
(Fig. 5F).

[0054] In the above-described thin-film solar cell man-
ufacturing steps, areas are generally not provided for
specific processing equipments in the common substrate
storage racks 40-1 and 40-2; instead the areas are
shared by a plurality of the processing equipments.
Therefore, since the areas do not have to correspond to
the maximum number of substrates to be stored by each
processing equipment, the volume of the common sub-
strate storage racks 40-1 and 40-2 can be significantly
reduced compared with the total volume when a corre-
sponding substrate cassette 140 is added, as shown in
Fig. 1. In other words, the common substrate storage
racks 40-1 and 40-2 can be used efficiently and can be
minimized in size.
[0055] As shown in Fig. 3, it is preferable that the
processing equipments or the groups of processing
equipments be installed in the area 22 such that one of
the substrate inlet and the substrate outlet faces the com-
mon substrate storage rack 40-1 and the other faces the
common substrate storage rack 40-2.
In this way, the substrates unloaded from the common
substrate storage racks 40 can be easily loaded into the
processing equipments. Furthermore, it is preferable that
the processing equipments be positioned substantially
orthogonal to the longitudinal direction of the common
substrate storage racks 40-1 and 40-2 when the process-
ing equipments are rectangular and have substrate inlets
at one end and substrate outlets at the other end. In the
example shown in Fig. 3, the processing by the process-
ing equipments or the groups of processing equipments
proceeds in the Y direction of the common substrate stor-
age racks 40, which are longer in the X direction.
[0056] However, only one of the common substrate
storage racks 40-1 and 40-2 need to be positioned this
way so long as substrate accumulation does not occur
or so long as the substrates do not have to be accumu-

lated at one of the sides facing the common substrate
storage racks 40-1 and 40-2. In such a case, at the side
not facing the common substrate storage racks 40, the
substrate is moved to the next processing equipment by,
for example, a substrate moving device (described be-
low).
[0057] With the example shown in Fig. 3, a plurality of
processing equipments for performing the modular-form-
ing step of a thin-film solar cell, which has a single pho-
toelectric conversion layer, are provided as the thin-film
solar-cell manufacturing system 30. However, the
present invention is not limited thereto, and the present
invention may provide a system for manufacturing tan-
dem thin-film solar cells, which include a plurality of pho-
toelectric conversion layers, or a manufacturing system
performing a paneling step. In such cases, additional
processing equipments are installed in an area 22
flanked by the common substrate storage racks 40-1 and
40-2, if required.
[0058] In the thin-film solar cell manufacturing steps,
there are processing equipments that lower the efficiency
of the installation space in the factory if aligned in the
order of the processing steps due to characteristics of
the processing equipments, such as the size of the
processing equipment and the positions of the loader and
unloader. Moreover, there are processing equipments
whose installation positions are limited in the factory due
to utilities (for example, gas related facilities such as a
gas supplying equipment and an exhaust gas processing
equipment). For example, in the case shown in Fig. 3,
the photoelectric-conversion-layer depositing equipment
(plasma CVD equipment) 10 must supply and receive
exhaust gas from and to a gas related facility 200 pro-
vided outside the factory building. Since it is desirable to
shorten the gas pipes as much as possible, in some cas-
es, it is preferable to install the photoelectric-conversion-
layer depositing equipment 10 as close to the wall of the
factory building as possible. Since the height of the pho-
toelectric-conversion-layer depositing equipment 10
from the floor is greater than the other processing equip-
ments, it is preferable to use a ceiling crane when per-
forming maintenance.
Therefore, it is difficult to make efficient use of space by,
for example, constructing a room in the space above the
equipment 10 (for example, on the second floor). In order
to efficiently use space by constructing a large room on
the second floor in a factory, the photoelectric-conver-
sion-layer depositing equipment 10 must be installed as
close to the wall of the factory building as possible, and
lower processing equipments above which a second floor
room can be constructed must be collected on the side
opposite to the equipment 10. Therefore, the photoelec-
tric-conversion-layer depositing equipment 10 is installed
in an area P2 which is by the wall of the factory building,
and the other processing equipments are installed in an
area P1, which is opposite to the area P2. By constructing
a room on a floor in the space above the area P1 (for
example, a second floor) and installing the processing
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equipments used in the paneling step on this floor, the
installation area in the factory can be reduced, and the
floor area can be efficiently used.
[0059] In this way, instead of arranging the processing
equipments in the order of the processing steps, by dis-
posing the processing equipments in series in positions
appropriate for installation in the thin-film solar cell factory
and using the common substrate storage racks and the
substrate moving devices installed in the periphery, the
substrates can be efficiently conveyed to the required
equipment used for the subsequent step. Using the com-
mon substrate storage racks ensures dual functions: au-
tomatic storage and flexibility of each equipment handling
the substrates. The installation position in the factory may
be, for example, sites for installing processing equip-
ments having similar heights or sites designated based
on the utilities to be used. In this embodiment, since the
gaps between processing equipments are used as com-
mon maintenance spaces, the size of the maintenance
space can be reduced.
[0060] Furthermore, when some of the thin-film solar
cell manufacturing steps are changed in order or omitted,
the order of the thin-film solar cell manufacturing steps
can be changed by changing the control program of the
substrate-processing control device 17, without moving
or reinstalling the processing equipments corresponding
to the changed steps. Thus, the factory has excellent
production flexibility.
[0061] In this embodiment, each of the processing
equipments has good installation flexibility compared to
that in a snake-like line according to the related art, as
shown in Fig. 1. In this way, a manufacturing line that is
suitable for production and the available factory space
can be formed by reducing the size of unused space, and
thus, the installation space efficiency in the factory can
be improved. For example, the installation space of
processing equipments used in the paneling step of the
thin-film solar-cell manufacturing system 30 shown in Fig.
3 takes up approximately 40% less space compared with
those used in the paneling step of the thin-film solar-cell
manufacturing system shown in Fig. 1.
[0062] Next, the common substrate storage racks 40
will be described in detail.
Figs. 6A and 6B are schematic views of the common
substrate storage racks according to this embodiment.
Here, the common substrate storage rack 40-1 will be
described. However, the common substrate storage rack
40-2 has the same configuration. As shown in Fig. 6A,
the common substrate storage rack 40-1 includes a plu-
rality of substrate storage racks 41, which are aligned in
the X direction. For example, if one of the substrate stor-
age racks 41 can accommodate 50 substrates, a total of
300 substrates can be stored in 6 substrate storage racks
41a to 41f, as shown in the drawing.
[0063] As shown in Fig. 6B, for example, if the sub-
strate storage rack 41c is filled with substrates and is
unable to receive substrates from other processing
equipments because one of the processing equipments

has to be shut down for a long period of time and a large
number of processed substrates accumulate upstream
of this processing equipment, the processing equipment
that is shut down for a long period of time affects the
processing work of the processing equipments upstream
and downstream. In such a case, the substrate storage
rack 41c, which is filled with substrates, can be removed
and moved to another storage area and an empty sub-
strate storage rack 41g can be inserted in its place. In
this way, if one of the substrate storage racks 41 is filled
and is unable to accommodate the subsequent sub-
strates, other substrate storage racks 41 can be used
instead, and flexible operation, such as the processing
equipments upstream and downstream of the shut-down
processing equipment continuing their processing, be-
comes possible. As a moving method, conveying using
a ceiling crane described in Japanese Unexamined Pat-
ent Application, Publication No. 2005-235904 may be
employed.
[0064] Figs. 7A and 7B are schematic views showing
examples of the use of the common substrate storage
racks according to this embodiment. Figs. 7A and 7B
illustrate examples of accumulated substrates at different
points of time. The number of substrates accumulated
after a processing step differs depending on the process-
ing condition of each processing step. At a certain point
in time, as shown in Fig. 7A, substrates 100a which have
completed processing step A, substrates 100b which
have completed processing step B, substrates 100c
which have completed processing step C, and substrates
100d which have completed processing step D are stored
in the common substrate storage rack 40-1. One sub-
strate storage rack 41 is sufficient for accommodating
the substrates 100a and substrates 100c. However, to
accommodate the substrates 100b and substrates 100d,
two substrate storage racks 41 are required.
At a certain point in time, as shown in Fig. 7B, the sub-
strates 100a which have completed the processing step
A, the substrates 100b which have completed the
processing step B, the substrates 100c which have com-
pleted the processing step C, and the substrates 100d
which have completed the processing step D are stored
in the common substrate storage rack 40-1. One sub-
strate storage rack 41 is sufficient for accommodating
the substrates 100b and substrates 100d. However, to
accommodate the substrates 100a and substrates 100c,
two substrate storage racks 41 are required.
[0065] When considering such a situation, in the case
shown in Fig. 1 according to the related art, two substrate
storage racks 41 must be provided for each of the
processing steps A, B, C, and D. In other words, eight
substrate storage racks 41 are required.
However, as shown in Figs. 7A and 7B, since each of
the substrate storage racks 41 of the common substrate
storage rack 40-1 is shared in each processing step, any
of the nearby substrate storage racks 41 may be used in
each processing step, regardless of the substrate stor-
age racks 41 not being the closest. In other words, when
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the number of accumulated substrates increases, a plu-
rality of substrate storage racks 41 other than the closest
substrate storage rack 41 can be used. In such a case,
the substrate storage rack 41 can be used regardless of
it being used in other processing steps. In this way, the
required number of substrate storage racks 41 is reduced
and the amount of margin can be reduced. In this case,
the required number of substrate storage racks 41 is six
in total.
[0066] Since the processing speed and the mainte-
nance cycle of each processing step do not match, sub-
strate storage racks for temporarily storing accumulated
substrates are required. If the substrates are conveyed
without accumulation in one continuous line, the produc-
tivity of the entire factory is significantly reduced because
there are differences in the processing speed and the
maintenance cycle of each of the processing equip-
ments. If substrate storage racks are provided for each
processing step (related art in Fig. 1), substrate storage
racks corresponding in number to the maximum number
of substrates that accumulate in each processing step
are required. Moreover, the processing line may become
complicated because, if the accumulation of substrates
temporarily increases, measures such as storing the sub-
strates in a substrate cassette and moving the substrates
outside the factory must be taken.
[0067] However, with the common substrate storage
racks according to this embodiment, the substrate stor-
age racks are not used for specific processing equipment
but are shared by a plurality of processing equipments.
In this way, the numbers of substrates stored in the sub-
strate storage racks do not have to correspond to the
maximum number required by each of the processing
equipments, and thus the substrate storage racks can
be efficiently used, and the size can be reduced. For ex-
ample, the installation space, including the storage
space, of processing equipments takes up approximately
50% less space compared with the storage space of the
substrate cassettes installed in an S-shaped snake line,
as shown in the related art in Fig. 1. By reducing the total
number of substrate storage racks, the space in the fac-
tory can be efficiently used, and costs of the substrate
storage racks can be reduced. Moreover, the accumula-
tion of substrates in each processing step can be con-
trolled, and the processing line can be prevented from
becoming complicated. Moreover, if the number of sub-
strates to be stored increases, the substrate storage rack
can be lifted and temporarily removed from the process-
ing step by, for example, a ceiling crane, and an empty
substrate storage rack can be inserted to the space cre-
ated by the removal.
[0068] In the above-described cases shown in Figs.
6A, 6B, 7A, and 7B, the common substrate storage racks
40-1 and 40-2 do not have areas designated for each
processing equipment and can be shared by all of the
processing equipments. However, a certain allocated ar-
ea may be set in advance. For example, the substrate
storage rack 41 closest to a processing equipment and

the substrate storage racks 41 on both sides of this sub-
strate storage rack 41 may be set as an allocated area.
In such a case, the substrates associated with the
processing equipments will be disposed at positions not
too far away from the processing equipment, thus reduc-
ing the traveling distance of the substrates. However,
even in such a case, since a designated area is not set,
sharing of the areas is not restricted.
[0069] Next, the substrate storage racks 41 will be de-
scribed in detail.
As described above, each of the common substrate stor-
age racks 40 include a plurality of substrate storage racks
41, which are aligned in the X direction. Fig. 8 is a per-
spective view of the configuration of the substrate storage
racks according to this embodiment. Each of the sub-
strate storage racks 41 includes a case 45, a filter device
42, a plurality of upper-substrate supporting rollers 43,
and a plurality of lower-substrate supporting rollers 44.
The case 45 is substantially cubic. One of the surfaces
orthogonal to the Y direction is open to allow the sub-
strates 100 to be loaded and unloaded. The substrates
100 include not only unprocessed substrates but also
substrates that have been processed by film deposition,
etching, and the like.
The filter device 42 sucks in outside air, filters the air with
a HEPA filter, and supplies the filtered air, which has a
higher cleanliness level than the ambient air, to the case
45 so that the inside of the case 45 becomes slightly
positive pressure.
The plurality of upper-substrate supporting rollers 43 are
aligned parallel to each other in the X direction on the
inner upper surface of the case 45 such that their longi-
tudinal directions are parallel to the Y direction. Each of
the upper-substrate supporting rollers 43 includes a plu-
rality of rollers which can rotate to smoothly move the
substrates 100.
The plurality of lower-substrate supporting rollers 44 are
aligned parallel to each other in the X direction on the
inner lower surface of the case 45 such that their longi-
tudinal directions are parallel to the Y direction. Each of
the lower-substrate supporting rollers 44 includes a plu-
rality of rollers which can rotate to smoothly move the
substrates 100.
[0070] The processed surface, such as the film-depo-
sition surface, of the substrate 100 on which, for example,
film deposition has been performed is supported by the
upper-substrate supporting rollers 43 and the lower-sub-
strate supporting rollers 44 at an angle α to the vertical
direction, and the orientation of the substrate 100 is stably
maintained by the substrates own weight such that the
film-deposition surface does not touch the rollers. Fig. 9
is a schematic view of a substrate being supported at a
substrate storage rack. The lower section of the substrate
100 is supported by depressed sections 44b of rollers
44a of the lower-substrate supporting rollers 44. The up-
per surface (the surface opposite to the film-deposition
surface) of the substrate 100 is supported by rollers 43a
of the upper-substrate supporting rollers 43. When the
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substrate 100 is loaded or unloaded into or from the sub-
strate storage rack 41, the rollers 43a and the rollers 44a
rotate while supporting the substrate 100 so as to
smoothly move the substrate 100. The substrate 100 is
tilted in the direction of the surface opposite to the surface
that contacts the rollers 43a when the surface on which
the solar cell is to be formed (film-deposition surface) is
the upper surface. The depth of the depression of the
depressed section 44b is smaller than the width of the
peripheral region 94 of the solar cell module. In this way,
since the rollers 43a that support the weight of the sub-
strate 100 will be positioned opposite to the film surface,
and the depressed section 44b does not contact the film,
the film-deposition surface will not be damaged when the
substrate 100 is loaded into or unloaded from the sub-
strate storage rack 41. For the rollers, such as the rollers
43a and the rollers 44a, it is preferable to use a material
that does not damage the substrates and that generates
less dust. For example, UPE, Duracon, or Teflon (regis-
tered trademark) may be used.
[0071] In order to maintain a stable conveying state
due to the substrate’s weight, it is preferable to set the
angle α of the substrate 100 relative to the vertical direc-
tion at an angle of 7° or larger and preferable 12° or small-
er from the device space, as described in "Carrying De-
vice and Vacuum Processing System" in Japanese Un-
examined Patent Application, Publication No.
2000-177842. However, the substrate storage racks 41
support the substrates 100 in a motionless state. There-
fore, the allowed range can be increased slightly, and,
according to verification test results, the substrate 100
can be stably held by its own weight if it is tilted at an
angle of 5° or larger. On the other hand, since many sub-
strates are stocked, only the size of the unused space
caused by the tilted substrate at the ends of the substrate
storage rack 41 changes when the tilt angle relative to
the vertical direction changes slightly. Therefore, the in-
crease in size of the rack is very small. Therefore, the
allowed range can be increased slightly in the direction
of increasing angle, and the size can be kept sufficiently
small with respect to the space occupied if the angle is
15° or smaller.
[0072] Since the bending of the substrate 100 is equiv-
alent to the sine component of the tilt angle in the vertical
direction, within the above-described tilt angle range, the
bending is reduced to approximately 1/10 of that when
the substrate is horizontal. In this way, the distance be-
tween substrates loaded in the common substrate stor-
age racks 40 can be reduced to approximately 30 mm
from approximately 50 mm, which is the distance when
the substrates are horizontal. As a result, the installation
space of the substrate storage racks 41 can be reduced
by approximately 20%.
[0073] Fig. 10 is a perspective view of an opening
mechanism of the substrate storage rack according to
this embodiment. Fig. 11 is a top view of the opening
mechanism of the substrate storage rack according to
this embodiment. An opening mechanism 46 restricts the

area of the opening for loading and unloading the sub-
strates 100, which is formed in the surface of the case
45 orthogonal to the Y direction. The opening mechanism
46 includes sheet storage sections 48-1 and 48-2 and a
sheet 47. The cleanliness level of the inside of the sub-
strate storage rack can be easily improved by restricting
the size of the opening.
[0074] One of the sheet storage sections 48-1 and 48-2
takes up the sheet 47, and the other lets out the sheet
47. The sheet 47 has substantially the same width as the
surface of the case 45 orthogonal to the Y direction so
as to cover this surface. However, an open section 49 is
formed in part of the sheet 47. When the open section
49 appears between the sheet storage sections 48-1 and
48-2 (on the surface of the case 45 orthogonal to the Y
direction), the substrates 100 can be loaded or unloaded
through the open section 49. An antistatic vinyl curtain
for a clean booth may be used as the sheet 47. The open-
ing mechanism 46 and the case 45 constitute a clean
bench that is capable of maintaining a high cleanliness
level for the substrates 100.
Here, an example in which the substrates 100 are loaded
or unloaded through one of the two surfaces of the case
45 orthogonal to the Y direction will be described. If the
substrates 100 are to be loaded or unloaded through both
surfaces of the case 45 orthogonal to the Y direction
(when both surfaces of the case 45 orthogonal to the Y
direction are open), an opening mechanism 46 may also
be provided on the other surface.
[0075] Next, the substrate moving device will be de-
scribed in detail.
Fig. 12 is a perspective view of the configuration of a
substrate moving device according to this embodiment.
A substrate moving device 51 is a device for moving a
substrate positioned between each processing equip-
ment and the common substrate storage rack 40 or an-
other device and for performing loading and unloading.
The substrate moving device 51 is provided at each of
the regions 20-1 and 20-2 and moves along a moving
rail 50 extending in the X direction. The substrate moving
device 51 includes a filter device 52, upper-substrate
supporting rollers 53, lower-substrate supporting rollers
54, a clean bench 55, a mover moving device 56, a mov-
er-section vertical-moving device 57, and a mover-sec-
tion supporting base 58.
[0076] The filter device 52 sucks in outside air, filters
the air with a HEPA filter, and supplies the filtered air,
which has a higher cleanliness level than the ambient
air, to the clean bench 55 so that the inside of the clean
bench 55 becomes slightly positive pressure.
The upper-substrate supporting rollers 53 are aligned on
the inner upper surface of the clean bench 55 such that
their longitudinal directions are parallel to the Y direction.
Each of the upper-substrate supporting rollers 53 in-
cludes a plurality of rollers, which support the surface of
the substrate 100 opposite to the upper film-deposition
surface and which can rotate to smoothly move the sub-
strates 100.
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The lower-substrate supporting rollers 54 are aligned on
the inner lower surface of the clean bench 55 such that
their longitudinal directions are parallel to the Y direction.
Each of the lower-substrate supporting rollers 54 in-
cludes a plurality of rollers, which are rotated when the
substrates 100 are moved in the moving direction. The
end sections of the lower-substrate supporting rollers 54
on the side of the common substrate storage racks 40
move toward the common substrate storage racks 40
when the substrates are loaded or unloaded. Similarly,
the end sections of the lower-substrate supporting rollers
54 on the side of the processing equipment move toward
the processing equipment when the substrates are load-
ed or unloaded.
The clean bench 55 is substantially cubic. The surface
orthogonal to the Y direction has a door (not shown),
which is opened when the substrates are loaded or un-
loaded. The surface orthogonal to the Y direction also
has a slit-like opening, which does not hinder the loading
and unloading of the substrates. The clean bench 55 and
the filter device 52 allow the substrate moving device to
hold the substrate 100 in a space with a cleanliness level
that is stable even while the substrates are being moved.
The mover-section moving device 56 supports the mov-
er-section supporting base 58, which supports a mover-
section and the mover-section vertical-moving device 57.
However, the mover section includes the filter device 52,
the upper-substrate supporting rollers 53, the lower-sub-
strate supporting rollers 54, and the clean bench 55. The
mover-section moving device 56 moves along the mov-
ing rail 50 in the �X directions to move the mover-section
supporting base 58 to a desired position in the �X direc-
tions.
The mover-section vertical-moving device 57 moves the
mover section in the vertical direction (Z direction) such
that the substrate conveying level of the mover section
in the Y direction matches the processing equipment and
the common substrate storage rack 40 when the sub-
strate is loaded or unloaded.
The mover-section supporting base 58 moves the mover-
section vertical-moving device 57 in the vertical direction
(Z direction).
[0077] Fig. 13 is a perspective view illustrating the op-
eration of the lower-substrate supporting rollers 54 ac-
cording to this embodiment. The lower-substrate sup-
porting rollers 54 have a member 54a that extends in the
Y direction, members 54b (54b-1 and 54b-2) that extend
in the Y direction and that are provided at both ends of
the member 54a, and a plurality of rollers 54c. When the
substrate 100 is moved, the plurality of rollers 54c are
rotated in the moving direction of the substrate 100.
[0078] When the substrate is unloaded, an extension
mechanism (not shown) moves the member 54b-1, which
is provided at the end of the member 54a closer to the
common substrate storage rack 40, toward the common
substrate storage rack 40 (to the position 54b-1’) and to
a position proximal to the lower-substrate supporting roll-
ers 44 of the common substrate storage rack 40. In this

way, the substrate can be stably moved from the sub-
strate moving device 51 to the common substrate storage
rack 40. When the substrate is loaded, the extension
mechanism moves the member 54b-1 temporarily down-
ward (-Z direction), toward the common substrate stor-
age rack 40 (in the direction 54b-1’), and then upward
(+Z direction) to the position 54b-1’. When the member
54b-1 (position 54b-1’) moves upward, it grabs the edge
of the substrate 100 in the common substrate storage
rack 40. Then, when the member 54b-1 returns to its
original position, the substrate 100 is pulled out toward
the substrate moving device 51. Then, by driving the roll-
ers 54c, the substrate 100 can be stably moved to the
substrate moving device 51.
[0079] Similarly, when the substrate is unloaded, an
extension mechanism (not shown) moves the member
54b-2, which is provided at the end of the member 54a
closer to the common substrate storage rack 40, toward
the processing equipment (to the position 54b-2’) and to
a position proximal to a substrate loading section (not
shown) of the processing equipment. In this way, the sub-
strate can be stably moved from the substrate moving
device 51 to the processing equipment. When the sub-
strate is loaded, the extension mechanism moves the
member 54b-2 temporarily downward (-Z direction), to-
ward the common processing equipment (in the direction
54b-2’), and then upward (+Z direction) to the position
54b-2’. When the member 54b-2 (position 54b-2’) moves
upward, it grabs the edge of the substrate 100 in the
processing equipment. Then, when the member 54b-2
returns to its original position, the substrate 100 is pulled
out toward the substrate moving device 51. Then, by driv-
ing the rollers 54c, the substrate 100 can be stably moved
to the substrate moving device 51.
[0080] The substrate 100 is supported by the upper-
substrate supporting rollers 53 and the lower-substrate
supporting rollers 54 at an angle β to the vertical direction
in such a manner that the processed surface, such as
the film-deposition surface, is the upper surface. Fig. 14A
is a schematic view of the substrate being supported in
the substrate moving device. Fig. 14B is a schematic
view of the substrate being moved in the substrate mov-
ing device. The lower side of the substrate 100 is sup-
ported by a depressed section 54e of the rollers 54c of
the lower-substrate supporting rollers 54. Furthermore,
the surface opposite to the film-deposition surface of the
substrate 100 is supported by rollers 53a of the upper-
substrate supporting rollers 53 disposed above the sub-
strate 100. The rollers 54c each include roller members
54c-1 and 54c-2.
[0081] When the substrate moving device 51 is holding
the substrate 100, as shown in Fig. 14A, the rollers 53a
support the substrate 100 in a similar manner as the roll-
ers 43a. At the same time, although the rollers 54c sup-
port the substrate 100 with the roller members 54c-1 and
the roller members 54c-2, the roller members 54c-1 and
the roller members 54c-2 loosen to increase the width of
the depressed section 54e and do not grab the substrate
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100.
It is preferable that a brake be provided on the rollers 53a
so that the position of the substrates does not change
while the substrate moving device 51 moves. It is pref-
erable to employ a method in which a braking mechanism
is provided on the rotary shaft of the roller by grabbing
the substrate with the rollers 53a.
[0082] When the substrate moving device 51 loads or
unloads the substrate 100, the rollers 53a support the
substrate 100 in the state shown in Fig. 14A and rotate
to facilitate the movement of the substrate 100. At the
same time, the roller members 54c-1 and the roller mem-
bers 54c-2 loosen to increase the width of the depressed
section 54e and are rotated by a roller driving section 54f
in order to move the substrate 100 in a desired direction.
However, as described above, when the members 54b-
1 and 54b-2 extend to the common substrate storage
rack 40 or the processing equipment to grab and pull out
the substrate 100, the rollers 54c are in the state shown
in Fig. 14B. In other words, the roller members 54c-2
coupled with a shaft member 54d are pushed against the
roller members 54c-1 due to the movement of the shaft
member 54d driven by the roller driving section 54f, and
the width of the depressed section 54e is decreased. As
a result, the rollers 54c can grab the substrate 100.
[0083]  The substrate 100 is tilted in the direction of
the surface opposite to the surface that contacts the roll-
ers 53a when the surface on which the solar cell is to be
formed (film-deposition surface) is the upper surface. The
depth of the depression of the depressed section 54e is
smaller than the width of the peripheral region 94. In this
way, since the rollers 53a that support the weight of the
substrate 100 will be positioned opposite to the film sur-
face, and the depressed section 54e does not contact
the film, the film-deposition surface will not be damaged
when the substrate 100 is loaded into or unloaded from
the substrate moving device 51.
[0084] In order to maintain a stable conveying state
due to the substrate’s weight, it is preferable to set the
angle β of the substrate 100 relative to the vertical direc-
tion at an angle of 7° or larger and preferably 12° or small-
er from the device space, as described in "Carrying De-
vice and Vacuum Processing System" in Japanese Un-
examined Patent Application, Publication No.
2000-177842.
[0085] Figs. 12 to 14B describe a substrate moving
device that conveys only one substrate. However, the
present invention is not limited thereto, and a plurality of
substrates may be simultaneously moved by increasing
the number of the upper-substrate supporting rollers 53
and the lower-substrate supporting rollers 54. Fig. 15A
is a schematic view illustrating the state of the lower-
substrate supporting rollers when substrates are being
supported or moved. Here, lower-substrate supporting
rollers that grab four substrates simultaneously are de-
scribed. Fig. 15B is a schematic view illustrating the state
of the lower-substrate supporting rollers when substrates
are being grabbed. The configuration and the operation

are the same as those illustrated in Figs. 12 to 14B, ex-
cept that the numbers of the upper-substrate supporting
rollers 53 and the lower-substrate supporting rollers 54
are increased, and thus, descriptions thereof will be omit-
ted.
[0086] Figs. 12 to 15B illustrate the substrate moving
device that supports, moves, loads, and unloads sub-
strates while the substrates are substantially upright (ver-
tical direction). However, the present invention is not lim-
ited thereto, and the substrates may be supported,
moved, loaded, and unloaded while the substrates are
placed laterally (horizontal direction). This is because
some processing equipments process substrates in a
horizontal orientation, and for such processing equip-
ments, in some cases it is inefficient to provide a sub-
strate-tilt-angle rotating mechanism for the loaders and
unloaders of the processing equipments. Figs. 16 and
17 are perspective views illustrating another configura-
tion of the substrate moving device according to this em-
bodiment. Fig. 16 illustrates the substrate placed later-
ally, and Fig. 17 illustrates the substrate substantially up-
right (corresponding to the cases shown in Figs. 12 to
15B). A substrate moving device 61 is a device for moving
a substrate positioned between each processing equip-
ment and the common substrate storage rack 40 or an-
other device and for performing loading and unloading.
The substrate moving device 61 is provided at each of
the regions 20-1 and 20-2 and moves along a moving
rail 50 extending in the X direction. The substrate moving
device 61 includes a filter device 62, substrate-side sup-
porting rollers 63, substrate-side supporting rollers 64, a
clean bench 65, a mover moving device 66, a mover-
section vertical-moving device 67, and a mover-section
supporting base 68, moving-section rollers 69, and a
moving rail 70.
[0087] The filter device 62 sucks in outside air, filters
the air with a HEPA filter, and supplies the filtered air,
which has a higher cleanliness level than the ambient
air, to the clean bench 65 so that the inside of the clean
bench 65 becomes slightly positive pressure.
The substrate-side supporting rollers 63 and the sub-
strate-side supporting rollers 64 have functions of sup-
porting the horizontal load of the substrates and guiding
the substrates in the transverse direction.
The clean bench 65 is substantially cubic. The surface
orthogonal to the Y direction has a door (not shown),
which is opened when the substrates are loaded or un-
loaded. The surface orthogonal to the Y direction also
may have a slit-like opening, which does not hinder the
loading and unloading of the substrates. The clean bench
65 and the filter device 62 allow the substrate moving
device to hold the substrate 100 in a space with a clean-
liness level that is stable even while the substrates are
being moved.
[0088] In the state shown in Fig. 16, the substrate-side
supporting rollers 63 and 64 are disposed parallel to the
Y direction in the clean bench 65, and a plurality of rollers
are provided. The plurality of rollers are rotated by a ro-
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tation driving unit (not shown) when the substrates 100
are moved in the moving direction.
During loading or unloading of a substrate horizontally
(see the arrows), the substrate-side supporting rollers 63
and the substrate-side supporting rollers 64 can pull in
the substrate 100 from both sides in the Y direction. Then,
the substrate-side supporting rollers 63 and the sub-
strate-side supporting rollers 64 are rotated, and the sub-
strate 100 is unloaded outside the clean bench 65.
The mover moving device 66 holds a mover section, the
mover-section vertical-moving device 67, the mover-sec-
tion supporting base 68, and the moving rail 70. The mov-
er section includes the filter device 62, the substrate-side
supporting rollers 63, the substrate-side supporting roll-
ers 64, and the clean bench 65, and a moving-section
roller 69. The mover moving device 66 moves along the
moving rail 50 in the �X directions to move the mover
section, the mover-section vertical-moving device 67, the
mover-section supporting base 68, and the moving rail
70 to a desired position in the �X directions.
[0089] When the substrate is loaded or unloaded, the
mover-section vertical-moving device 67 moves the mov-
ing section so that the substrate in the moving section
moves in substantially the longitudinal direction (sub-
stantially the vertical direction) or the lateral direction
(horizontal direction) to correspond to the tilt with respect
to the vertical direction of the device to or from which the
substrate is loaded or unloaded. When the substrate is
positioned in substantially the longitudinal direction (sub-
stantially the vertical direction) in the moving section, a
mover-section vertical-moving device 67a is moved up-
ward (+Z direction) along a moving guide 67b. In this
way, while the moving-section rollers 69 move in the �X
direction on the moving rail 70, the main body of the mov-
ing section rotates relatively around a rotation supporting
shaft 67c. As a result, the state illustrated in Fig. 17 oc-
curs. The moving section is moved such that it becomes
substantially the longitudinal direction (substantially the
vertical direction) or the lateral direction (horizontal di-
rection). When the substrate in the moving section is lat-
eral (horizontal), the operation is substantially opposite
to that when the substrate is longitudinal.
The mover-section supporting base 68 holds the mover-
section vertical-moving device 67 in the vertical direction
(Z direction).
The moving-section rollers 69 are provided in the clean
bench 65 at a position corresponding to the position of
the moving rail 70. When the moving section is moved,
the moving section can be smoothly moved by moving it
on the moving rail 70.
The moving rail 70 is provided on the mover moving de-
vice 66 and guides the moving-section rollers 69.
[0090] When a substrate is to be moved from one of
the common substrate storage racks 40-1 and 40-2 to
the other, the substrate conveyer 9 can be used. Fig. 18
is perspective view of the configuration of the substrate
conveyer according this embodiment. The substrate con-
veyer 9 includes a filter device 72, upper-substrate sup-

porting rollers 73, lower-substrate supporting rollers 74,
and a clean bench 75. The filter device 72, the upper-
substrate supporting rollers 73, the lower-substrate sup-
porting rollers 74, and the clean bench 75 are basically
the same as the filter device 52, the upper-substrate sup-
porting rollers 53, the lower-substrate supporting rollers
54, and the clean bench 55, respectively. However, un-
like the upper-substrate supporting rollers 53 and the low-
er-substrate supporting rollers 54, intermediate sections
of the upper-substrate supporting rollers 73 and the low-
er-substrate supporting rollers 74 are extended because
the moving distance of the substrate is long. The clean
bench 75 and the filter device 72 allow the substrate mov-
ing device to hold the substrate 100 in a space with a
cleanliness level that is stable even while the substrates
are being moved. By using the substrate conveyer 9, for
example, not only the processing equipments share the
substrate storage space in only one of the common sub-
strate storage racks 40 (for example, 40-1), but they can
also substantially share the substrate storage space in
the other common substrate storage racks 40 (for exam-
ple, 40-2). In other words, the flexibility of the storage
space for the substrate 100 is increased. A plurality of
substrate conveyers 9 may be provided. By providing a
plurality of substrate conveyers 9, when necessary, the
takt time for moving the substrates can be shortened,
and the flexibility of the production line can be increased.
[0091] In this embodiment, since the common sub-
strate storage racks and the substrate moving device use
clean benches, substrates can be stored and moved in
clean spaces. For example, when the entire thin-film so-
lar-cell manufacturing system 30 is in a normal atmos-
phere (for example, about class 500,000), the substrate
storage rack is about class 1,000 to 5,000 with an opening
mechanism or about class 10,000 to 50,000 without an
opening mechanism. The substrate moving device is
about class 10,000. Moreover, when the regions 20, in-
cluding the space between the common substrate stor-
age rack and the substrate moving device and the space
between the substrate moving device and the processing
equipment, are covered with clean benches or clean
booths (not shown), if the cleanliness level of the regions
is about class 100,000, the substrate storage rack is
about class 1,000 with an opening mechanism or about
class 1,000 to 5,000 without an opening mechanism. The
substrate moving device is about class 1,000. In this way,
strict management, such as constructing the entire fac-
tory as a clean room, is not required, and the cost of the
factory can be reduced. Moreover, since each device in
the factory is in a normal atmosphere, special work man-
agement involving wearing lint-free clothes is not re-
quired. In particular, the operability during maintenance
can be improved, thus improving productivity.
[0092] As described above, the thin-film solar-cell
manufacturing system according to the present invention
enables the installation space in the factory to be re-
duced. The common substrate storage racks according
to the present invention enables the space required for
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storage and the installation space to be reduced. The
common substrate storage racks according to the
present invention functions as a buffer for substrate ac-
cumulation and enables flexible operation corresponding
to changes in the accumulation that occurs during the
manufacturing steps.
[0093] The present invention is not limited to the
above-described embodiments, and the embodiments
may be modified within the scope of the present inven-
tion.

Claims

1. A thin-film solar-cell manufacturing system compris-
ing:

a first common substrate storage rack for ac-
commodating a substrate tilted from the vertical
direction; and
a plurality of processing equipments that proc-
ess the substrate in manufacturing steps of a
thin-film solar cell and that are arranged to un-
load the processed substrate to the first common
substrate storage rack,
wherein the first common substrate storage rack
is shared by the plurality of processing equip-
ments and accommodates the substrate regard-
less of the processing order of the manufactur-
ing steps.

2. The thin-film solar-cell manufacturing system ac-
cording to Claim 1, further comprising:

a second common substrate storage rack for ac-
commodating the substrate tilted from the verti-
cal direction; and
a substrate-processing control device for con-
trolling the processing order of the substrate,
wherein the plurality of processing equipments
are arranged in a region between the first com-
mon substrate storage rack and the second
common substrate storage rack, the plurality of
processing equipments being arranged such
that one of a substrate unloader or a substrate
loader faces the first common substrate storage
rack and the other faces the second common
substrate storage rack,
wherein the first common substrate storage rack
and the second common substrate storage rack
are shared by the plurality of processing equip-
ments, and
wherein the substrate-processing control device
controls loading and unloading of the substrate
to and from at least some of the plurality of
processing equipments and controls the loading
and unloading of the substrate to and from the
first common substrate storage rack and the

second common substrate storage rack.

3. The thin-film solar-cell manufacturing system ac-
cording to Claim 2,
wherein at least some of the plurality of processing
equipments are arranged in series with each other
via the first common substrate storage rack or the
second common substrate storage rack, and the ar-
rangement order of at least some of the plurality of
processing equipments does not follow the manu-
facturing steps of the thin-film solar cell.

4. The thin-film solar-cell manufacturing system ac-
cording to Claim 3,
wherein the order of the manufacturing steps of the
thin-film solar cells of at least some of the plurality
of processing equipments can be changed by the
substrate-processing control device, without chang-
ing the arrangement order of the plurality of process-
ing equipments.

5. The thin-film solar-cell manufacturing system ac-
cording to Claim 3 or 4,
wherein each of the plurality of processing equip-
ments is arranged at a region assigned on the basis
of the height of each of the plurality of processing
equipments.

6. The thin-film solar-cell manufacturing system ac-
cording to Claim 3 or 4,
wherein each of the plurality of processing equip-
ments is arranged in a region assigned on the basis
of the utility to be used by each of the plurality of
processing equipments.

7. The thin-film solar-cell manufacturing system ac-
cording to one of Claims 1 to 6,
wherein the first common substrate storage rack in-
cludes a first cleaning device for maintaining the
cleanliness level of an inner atmosphere at a clean-
liness level higher than an outside atmosphere, and
wherein the second common substrate storage rack
includes a second cleaning device for maintaining
the cleanliness level of the inner atmosphere at a
cleanliness level higher than the outside atmos-
phere.

8. The thin-film solar-cell manufacturing system ac-
cording to Claim 7, further comprising:

a first chamber including a space between the
first common substrate storage rack and the plu-
rality of processing equipments;
a third cleaning device for maintaining the clean-
liness level of an atmosphere inside the first
chamber at a cleanliness level higher than an
atmosphere in other regions;
a second chamber including a space between
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the second common substrate storage rack and
the plurality of processing equipments; and
a fourth cleaning device for maintaining the
cleanliness level of an atmosphere inside the
second chamber at a cleanliness level higher
than an atmosphere in other regions.

9. The thin-film solar-cell manufacturing system ac-
cording to Claim 8, further comprising:

a first substrate moving device for moving the
substrate inside the first chamber; and
a second substrate moving device for moving
the substrate inside the second chamber,
wherein the first substrate moving device in-
cludes a fifth cleaning device for maintaining the
cleanliness level of an inside atmosphere at a
cleanliness level higher than the outside atmos-
phere, and
wherein the second substrate moving device in-
cludes a sixth cleaning device for maintaining
the cleanliness level of the inside atmosphere
at a cleanliness level higher than an atmosphere
in outside regions.

10. The thin-film solar-cell manufacturing system ac-
cording to one of Claims 1 to 9,
wherein the tilt of the substrate being accommodated
is between 5° or larger and 15° or smaller from the
vertical direction.

11. The thin-film solar-cell manufacturing system ac-
cording to one of Claims 1 to 10,
wherein the first common substrate storage rack and
the second common substrate storage rack each in-
clude a plurality of substrate storage racks, and
wherein each of the plurality of substrate storage
racks is replaceable by other substrate storage rack
that is of the same configuration as each of the plu-
rality of substrate storage racks.

12. The thin-film solar-cell manufacturing system ac-
cording to one of Claims 1 to 11, further comprising:

a substrate conveyer that is provided between
the first common substrate storage rack and the
second common substrate storage rack, the
substrate conveyer maintaining the cleanliness
level of an inside atmosphere at a cleanliness
level higher than an atmosphere in outside re-
gions and moving the substrate from one of the
first common substrate storage rack and the
second common substrate storage rack to the
other.

13. A common substrate storage rack comprising:

a plurality of substrate storage racks for accom-

modating a substrate tilted from the vertical di-
rection, the storage racks being provided in se-
ries in a direction different from the loading and
unloading direction of the substrate; and
a plurality of cleaning devices provided for the
corresponding substrate storage racks, each
cleaning device supplying gas of a cleanliness
level higher than the cleanliness level of ambient
atmosphere to the corresponding substrate stor-
age rack,
wherein one of a substrate loader and a sub-
strate unloader of a plurality of processing equip-
ments that are used in manufacturing steps of
a thin-film solar cell faces the plurality of sub-
strate storage racks and are arranged such as
to be shared by the plurality of processing equip-
ments, and
wherein each of the plurality of substrate storage
racks is replaceable by other substrate storage
rack that is of the same configuration as each
of the plurality of substrate storage racks.

14. A method of manufacturing a thin-film solar cell using
a thin-film solar-cell manufacturing system, the thin-
film solar-cell manufacturing system comprising:

a first common substrate storage rack accom-
modating a substrate at an angle between 5° or
larger and 15° or smaller from the vertical direc-
tion,
a second common substrate storage rack ac-
commodating the substrate at an angle between
5° or larger and 15° or smaller from the vertical
direction,
a plurality of processing equipments that proc-
ess the substrate in manufacturing steps of a
thin-film solar-cell and that are arranged in a re-
gion between the first common substrate stor-
age rack and the second common substrate
storage rack such that one of a substrate loader
and a substrate unloader faces the first common
substrate storage rack and the other faces the
second common substrate storage rack, and
a substrate-processing control device for con-
trolling the processing order of the substrate,
wherein the first common substrate storage rack
and the second common substrate storage rack
are shared by the plurality of processing equip-
ments,
wherein loading and unloading of the substrate
to and from at least some of the plurality of
processing equipments are controlled and the
loading and unloading of the substrate to and
from the first common substrate storage rack
and the second common substrate storage rack
are controlled by the substrate-processing con-
trol device, and
wherein the substrate is accommodated regard-
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less of the processing order of the manufactur-
ing steps,
the method of manufacturing a thin-film solar cell
comprising the steps of:

(a) unloading a substrate accommodated in
the first common substrate storage rack or
the second common substrate storage rack
and loading the substrate to one of the cor-
responding processing equipments among
the plurality of processing equipments;
(b) processing the loaded substrate with the
corresponding processing equipment; and
(c) unloading the processed substrate from
the corresponding processing equipment
and loading and accommodating the sub-
strate to the first common substrate storage
rack or the second common substrate stor-
age rack.
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