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(67)  The present invention provides a film substrate
conveying device that is capable of adjusting, with a high
degree of accuracy, the position of each of substrates
conveyed in both aforward feed direction and abackward
feed direction. The film substrate conveying device is a
device for conveying a belt-like film substrate 2 while
placing the film substrate 2 upright, with one end part
thereofbeing on an upper side in a width direction thereof,
this film substrate conveying device having: at least a
pair of first grip rollers 6 that is disposed so as to sandwich
an upper end part of the film substrate 2 therebetween;
and a first angle adjusting mechanism 11 that is capable
of adjusting an inclination direction and an inclination an-
gle of the first grip rollers 6 so as to be able to incline a
rotation angle of the first grip rollers 6 such that a rotation
direction of the first grip rollers 6 is on an upper side with
respect to a conveying direction.
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Description

TECHNICAL FIELD

[0001] The presentinventionrelates to a film substrate
conveying device for conveying a film substrate (referred
to as "substrate" hereinafter) while placing the film sub-
strate upright, with one end part thereof being on an upper
side with respect to a width direction thereof.

BACKGROUND ART

[0002] A device for manufacturing a thin-film laminated
body (referred to as "manufacturing device" hereinafter)
is used for forming, on a surface of a substrate, a photo-
electric conversion layer composed of a thin-film photo-
electric conversion element. This manufacturing device
is configured to hermetically form the substrate within a
film-forming chamber thereof. Furthermore, in order to
convey the substrate into the film-forming chamber, the
substrate wound by an unwinding core is dispatched to-
ward the film-forming chamber, passes through the film-
forming chamber, and then wound by a winding core.
[0003] As a substrate conveying method of a film sub-
strate conveying device (referred to as "conveying de-
vice" hereinafter) provided mainly in the above-described
manufacturing device, an upright conveying method is
adopted where a substrate is conveyed while being
placed upright, with one end part thereof being on upper
side with respect to a width direction thereof. A conveying
device using this upright conveying method is excellent
in terms of preventing contamination of the substrate be-
cause particles cannot accumulate on the surface of the
substrate, and in terms of reducing the space of the man-
ufacturing device by placing the substrate upright. Mean-
while, the substrate is pulled and held mainly between
the unwinding core and winding core. Therefore, the sub-
strate tends to be weighed down and might meander in
the width direction. In such a case, the position of the
substrate is displaced in the width direction, causing
warpage of the substrate in the width direction. Stress is
concentrated unevenly in the substrate due to this warp-
age, causing wrinkles on the substrate. Due to the wrin-
kles, the characteristics of the thin-film photoelectric con-
version element and the like formed on the substrate de-
teriorate.

[0004] For this reason, the structure disclosed in Pat-
ent Document 1 is adopted in which grip rollers for ad-
justing the position of a substrate in a width direction are
provided in a conveying device for conveying the sub-
strate in a forward feed direction. In this manufacturing
device, the plurality of pairs of grip rollers are provided
in a manner as to sandwich an upper end part and a
lower end part of the substrate. The pair of grip rollers
holding the upper end part is tilted upward with respect
to the forward feed direction of the substrate, whereas
the pair of grip rollers holding the lower end part is tilted
downward with respect to the forward feed direction of
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the substrate.

[0005] An outer circumferential surface of each pair of
grip rollers is provided with an elastic body for protecting
the substrate. However, when the elastic body wears out
and becomes weak, the gripping force acting between
each grip roller and the substrate becomes low, and, con-
sequently, adequate lifting force for lifting up the sub-
strate cannot be obtained. For this reason, Patent Doc-
ument 1 is designed to enhance the gripping force of the
pairs of grip rollers by increasing the force of the grip
rollers sandwiching the substrate therebetween (referred
to as "substrate sandwiching force" hereinafter), in order
to deal with the deterioration of the elastic body.

[0006] Patent Document 1: Japanese Patent Applica-
tion Publication No. 2009-38276

[0007] However, in Patent Document 1, the grip rollers
holding the upper end part are tilted upward only with
respect to the forward feed direction of the substrate,
whereas the grip rollers holding the lower end part are
tilted downward only with respect to the forward feed di-
rection of the substrate. Thus, when the substrate is con-
veyed in both the forward feed direction and a backward
feed direction, these grip rollers can accurately adjust
the position of the substrate conveyed in the forward feed
direction but cannot adjust the position of the substrate
conveyed in the backward feed direction.

[0008] Moreover,inPatent Document 1, whenincreas-
ing the substrate sandwiching force of the grip rollers that
is obtained by the elastic body on the outer circumferen-
tial surface, the elastic body on the outer circumferential
surface might be squashed, changing the shape of the
cross-section of the outer circumferential surface into an
ellipse, as well as the diameter of the grip rollers. In such
acase, adesired gripping force and adequate lifting force
for lifting up the substrate cannot be obtained, which
makes it difficult to move the substrate to a desired po-
sition. This leads to a decrease of the accuracy of ad-
justing the position of the substrate.

DISCLOSURE OF THE INVENTION

[0009] The present invention was contrived in view of
the circumstances described above, and an object there-
of is to provide a film substrate conveying device capable
of adjusting, with a high degree of accuracy, the position
of each of substrates conveyed in both a forward feed
direction and a backward feed direction.

[0010] In order to achieve the object described above,
afilm substrate conveying device of the presentinvention
is a film substrate conveying device for conveying a belt-
like film substrate while placing the film substrate upright,
with one end part thereof being on an upper side in a
width direction thereof, this film substrate conveying de-
vice having: at least a pair of first grip rollers that is dis-
posed so as to sandwich an upper end part of the film
substrate therebetween; and a first angle adjusting
mechanism that is capable of adjusting an inclination di-
rection and an inclination angle of the first grip rollers so
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as to be able to incline a rotation axis angle of the first
grip rollers such that a rotation direction of the first grip
rollers is on an upper side with respect to a conveying
direction.

[0011] The film substrate conveying device according
to the present invention further has: at least a pair of
second grip rollers that is disposed so as to sandwich a
lower end part of the film substrate therebetween; and a
second angle adjusting mechanism that is capable of ad-
justing an inclination direction and an inclination angle of
the second griprollers so as to be able to incline a rotation
axis angle of the second grip rollers such that a rotation
direction of the second grip rollers is on a lower side with
respect to the conveying direction.

[0012] The film substrate conveying device according
to the present invention further has detection means for
detecting a level of a width direction end part of the film
substrate, wherein when the detection means detects a
displacement of the film substrate, the first angle adjust-
ing mechanism and/or the second angle adjusting mech-
anism performs control to incline the first grip rollers
and/or the second grip rollers in an inclination direction
corresponding to the conveying direction of the film sub-
strate.

[0013] In the film substrate conveying device accord-
ing to the present invention, the first angle adjusting
mechanism and/or the second angle adjusting mecha-
nism performs control to change the inclination angle of
the first grip rollers and/or the second grip rollers in order
to correct the displacement of the substrate.

[0014] The film substrate conveying device of the
present invention can accomplish the following effects.
The film substrate conveying device according to the
presentinvention is a film substrate conveying device for
conveying a belt-like film substrate while placing the film
substrate upright, with one end part thereof being on an
upper side in a width direction thereof and conveying the
film substrate, the film substrate conveying device hav-
ing: at least a pair of first grip rollers that is disposed so
as to sandwich an upper end part of the film substrate
therebetween; and afirst angle adjusting mechanism that
is capable of adjusting an inclination direction and an
inclination angle of the first grip rollers so as to be able
to incline a rotation angle of the first grip rollers such that
a rotation direction of the first grip rollers is on an upper
side with respect to a conveying direction.

The film substrate conveying device further has: at least
a pair of second grip rollers that is disposed so as to
sandwich a lower end part of the film substrate therebe-
tween; and a second angle adjusting mechanism that is
capable of adjusting an inclination direction and an incli-
nation angle of the second grip rollers, so as to be able
to incline a rotation angle of the second grip rollers such
that a rotation direction of the second grip rollers is on a
lower side with respect to the conveying direction.

The film substrate conveying device further has detection
means for detecting a level of a width direction end part
of the film substrate, wherein when the detection means

10

15

20

25

30

35

40

45

50

55

detects a displacement of the film substrate, the first an-
gle adjusting mechanism and/or the second angle ad-
justing mechanism performs control to incline the first
grip rollers and/or the second grip rollers in the inclination
direction corresponding to the conveying direction of the
film substrate.

In this manner, the position of the film substrate conveyed
in the forward feed direction and the backward feed di-
rection can be adjusted with a high degree of accuracy.
[0015] In the film substrate conveying device accord-
ing to the present invention, the first angle adjusting
mechanism and/or the second angle adjusting mecha-
nism performs control to change the inclination angle of
the first grip rollers and/or the second grip rollers in order
to correct the displacement of the substrate. Forinstance,
when the gripping force of the first grip rollers weakens
due to the wear of the first grip rollers, and adequate
lifting force for lifting the film substrate cannot be ob-
tained, the position of the film substrate can be corrected
by increasing the inclination of the first grip rollers and
the distance in which the film substrate moves in the width
direction. As a result, imposing an excess load onto the
film substrate can be inhibited without increasing the
force of the first grip rollers sandwiching the film sub-
strate. On the other hand, when the gripping force of the
first grip rollers fluctuates and therefore becomes so high
that the lifting force for lifting up the film substrate be-
comes excessively strong, the position of the film sub-
strate can be corrected by reducing the inclination of the
first grip rollers and the distance in which the film sub-
strate moves in the width direction. As a result, the ac-
curacy of adjusting the position of the film substrate can
be prevented from dropping.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a cross-sectional plan view schematically
showing a device for manufacturing a thin-film lam-
inated body according to a first embodiment of the
present invention;

Fig. 2(a) is a cross-sectional plan view schematically
showing an enlarged view of a film-forming chamber
of Fig. 1, and Fig. 2(b) is a cross-sectional diagram
taken along a line C-C shown in Fig. 2(a);

Fig. 3(a) is a schematic front view showing an angle
adjusting mechanism used when a rotation axis of a
grip roller is placed along a width direction of a film
substrate, according to the first embodiment of the
present invention, Fig. 3(b) is a schematic side view
of the angle adjusting mechanism shown in Fig. 3
(a), and Fig. 3(c) is a cross-sectional diagram taken
along a line D-D shown in Fig. 3(a);

Fig. 4(a) is a schematic front view showing the angle
adjusting mechanism that inclines the grip roller to
adjust the position of the substrate conveyed in a
forward feed direction, according to the first embod-
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iment of the present invention, and Fig. 4(b) is a
cross-sectional diagram taken along a line D’-D’
shown in Fig. 4(a);

Fig. 5 is a schematic enlarged front view showing
the grip roller of Fig. 4(a);

Fig. 6(a) is a schematic front view showing an angle
adjusting mechanism that inclines the grip roller to
adjust the position of the substrate conveyed in a
backward feed direction, according to the first em-
bodiment of the present invention, and Fig. 6(b) is a
cross-sectional diagram taken along a line D"-D"
shown in Fig. 6(a);

Fig. 7 is a schematic enlarged front view showing
the grip roller of Fig. 6(a);

Fig. 8 is a cross-sectional diagram taken along the
line C-C shown in n Fig. 2(a), according to a second
embodiment of the present invention; and

Fig. 9 is a graph showing a relationship between an
inclination angle of the grip roller and a lifting force
of the grip roller for lifting up the film substrate.

BEST MODE FOR CARRYING OUT THE INVENTION

[First Embodiment]

[0017] A film substrate conveying device according to
a first embodiment of the present invention is described
hereinafter.

As shown in Fig. 1, in a device for manufacturing a thin-
film laminated body (referred to as "manufacturing de-
vice" hereinafter) 1 that includes a film substrate convey-
ing device (referred to as "conveying device" hereinafter),
a belt-like film substrate (referred to as "substrate" here-
inafter) 2 is placed upright with one end part thereof being
on an upper side in a width direction thereof, and then
conveyed. A thin film is then formed on a surface of the
substrate 2. The first embodiment illustrates a situation
in which the width direction of the substrate 2 follows a
perpendicular direction, but the present invention is not
limited thereto.

In order to convey the substrate 2, the manufacturing
device 1 is provided with an unwinding chamber 3 for
unwinding the substrate 2 and a winding chamber 4 for
winding the substrate 2. Six film-forming chambers 5a to
5f, for example, are provided between the unwinding
chamber 3 and the winding chamber 4. Furthermore, the
substrate 2 can be conveyed in a forward feed direction
from the unwinding chamber 3 to the winding chamber
4 (shown by an arrow A in the diagram), and a backward
feed direction from the winding chamber 4 to the unwind-
ing chamber 3 (shown by an arrow B in the diagram).
Moreover, a conveying section between the unwinding
chamber 3 and the film-forming chamber 5a, conveying
sections between the five adjacent film-forming cham-
bers, and a conveying section between the winding
chamber 4 and the film-forming chamber 5f, are each
provided with, for example, a pair of first grip rollers 6.
[0018] Anunwinding core 3a capable of unwinding the
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wound substrate 2 is provided on the inside of the un-
winding chamber 3, in a manner as to be able to be able
to rotate around its own rotation axis that is along the
width direction of the substrate 2. Five rollers 3b to 3f,
for example, driven to convey the substrate 2 and con-
trolling the tension thereof are provided on the inside of
the unwinding chamber 3 and on a forward feed direction
downstream side from the unwinding core 3a, in a man-
ner as to be able to rotate around their own rotation axes
that are along the width direction of the substrate 2. The
unwinding core 3a and the rollers 3b to 3f are configured
torotate in amanner as to be able to convey the substrate
2 in the forward feed direction and the backward feed
direction. Note that the number of rollers provided to be
driven for conveying the substrate 2 and controlling the
tension thereof as shown in Fig. 1 is merely an example
and may not only be the number described above, but
also any number that can be changed in accordance with
specifications of the manufacturing device 1. Itis not nec-
essary to provide the rollers driven to convey the sub-
strate 2 and controlling the tension thereof.

[0019] A winding core 4a capable of winding the sub-
strate 2 is provided on the inside of the winding chamber
4, in a manner as to be able to rotate around its own
rotation axis that is along the width direction of the sub-
strate 2. Seven rollers 4b to 4h for conveying the sub-
strate 2 and controlling the tension thereof are provided,
as an example, on the inside of the winding chamber 4
and on a forward feed direction upstream side from the
winding core 4a, in a manner as to be able to rotate
around their own rotation axes that are along the width
direction of the substrate 2. The winding core 4a and the
rollers 4b to 4h are configured to rotate in a manner as
to be able to convey the substrate 2 in the forward feed
direction and the backward feed direction. Note that the
number of rollers provided for conveying the substrate 2
and controlling the tension thereof as shown in Fig. 1 is
merely an example and may not only be the number de-
scribed above, but also any number that can be changed
in accordance with the specifications of the manufactur-
ing device 1. Itis not necessary to provide the rollers for
conveying the substrate 2 and controlling the tension
thereof.

[0020] A structure of each of the film-forming chambers
5a to 5f is described with reference to Figs. 2(a) and 2
(b). As shown in Figs. 2(a) and 2(b), the substrate 2 is
fed in the forward feed direction (the arrow A), and the
first grip rollers 6 are accommodated to the substrate 2
fed in the forward feed direction. High-voltage electrodes
7ato 7f and ground electrodes 8a to 8f are placed, face-
to-face, in the film-forming chambers 5a to 5f, respec-
tively. The substrate 2 passes through between each of
the high-voltage electrodes 7a to 7f and each of the
ground electrodes 8a to 8f. The high-voltage electrodes
7a to 7f and the ground electrodes 8a to 8f are shorter,
in the width direction of the substrate 2, than the width
of the substrate 2. The thin-film laminated body is not
formed neither an upper end part nor a lower end part of
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the substrate 2 in the width direction. Film formation gas
is supplied into the film-forming chambers 5a to 5f. The
film-forming chambers 5a to 5f can be kept hermetic. In
these film-forming chambers 5a to 5f, the thin film is
formed on the substrate 2 when the substrate 2 is posi-
tioned between each of the high-voltage electrodes 7a
to 7fand each of the ground electrodes 8a to 8f. Examples
of a method for forming a film on the surface of the sub-
strate 2 include CVD (Chemical Vapor Deposition), PVD
(Physical Vapor Deposition) and the like. The number of
film-forming chambers shown in Fig. 1 is used an exam-
ple, and is not limited to the one described above and
can be changed in accordance with the specifications of
the manufacturing device 1. In addition to the film-forming
chambers, a heat chamber for heating the substrate 2
may be provided.

[0021] The manufacturing device 1 is further provided
with detection means 9 for detecting the position of the
substrate 2 in the width direction. The detection means
9 may be configured to be able to detect, for example,
the position of an edge part of the substrate 2 in the width
direction. In addition, it is particularly preferred that the
detection means 9 be a noncontact sensor or, for exam-
ple, a transmission-type laser sensor or a reflective pho-
tosensor. The detection means 9 is connected to control
means 10.

[0022] Each pair of first grip rollers 6 is configured to
be able to rotate around rotation axes 6a thereof, and is
placed between the adjacent film-forming chambers, in
a manner as to sandwich the upper end part of the sub-
strate 2 therebetween. In other words, the pair of first grip
rollers 6 sandwiches a section of the substrate 2 that
does not have the thin-film laminated body formed ther-
eon. An outer circumferential surface 6b of each of the
first grip rollers 6 may be formed of an elastic body. Ex-
amples of the elastic body include silicon rubber, fluorine
rubber, and other heat-resistant rubbers. In another in-
stance, the outer circumferential surface 6b of each of
the first grip rollers 6 may be formed of a synthetic resin
such as PTFE and polyimide or may be formed of a ma-
terial applied with stainless steel, iron, or chrome. More-
over, the outer circumferential surface 6b of each of the
first grip rollers 6 may be formed of any materials as long
as predetermined performances such as a force for pro-
tecting and gripping the substrate 2 can be obtained.
[0023] The first grip rollers 6 are configured to be able
to adjust the inclination thereof. A first angle adjusting
mechanism 11 for adjusting the inclination of the first grip
rollers 6 is described with reference to Figs. 3(a) to 3(c).
As shown in Figs. 3(a) to 3(c), by mean of the first angle
adjusting mechanism 11, the rotation axis 6a of each of
the first grip rollers 6 is adjusted to be placed neutrally
along the width direction of the substrate 2. A roller shaft
6¢ is disposed in the first grip roller 6, in a manner as to
extend upward from an upper end of the first grip roller
6 along the width direction of the substrate 2. An upper
end of the roller shaft 6¢ is attached rotatably to a roller
attachment part 12. Alink 13 is also disposed in a manner
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as to extend upward from the roller attachment part 12
along the width direction of the substrate 2. An upper part
of the link 13 is provided with an engaging roller 14. In
the link 13, a link attachment part 13a is provided in the
middle of the width direction of the substrate 2, which is
located between the roller attachment part 12 and the
engaging roller 14. This link attachment part 13a is con-
figured to be able to rotate the link 13 around a link rota-
tion axis 13b that extends in the width direction with re-
spect to the surface of the substrate 2, and is attached
to a supporting part 15. Therefore, the link 13 can rotate
with respect to the supporting part 15. Moreover, biasing
means 16 is disposed between the link 13 and the sup-
porting part 15 and along a conveying direction of the
substrate 2. This biasing means 16 may be configured
to be able to return the link 13 to a neutral position thereof,
by using a coil spring, a plate spring, a torsion spring, a
rubber member or the like.

[0024] An actuator 17 is disposed above the link 13.
The actuator 17 has an arm 18 that is placed along the
width direction with respect to the surface of the substrate
2. A tip end part 18a of the arm 18 is engaged with the
engaging roller 14 attached to the link 13. On the other
hand, a rotating shaft 19 extending along the width di-
rection of the substrate 2 is attached to a base end part
18b of the arm 18. A lower end of the rotating shaft 19 is
attached to the base end part 18b of the arm 18, and an
upper end of the rotating shaft 19 is attached to a drive
source 20. Therefore, the arm 18 can be rotated by the
rotary drive of the drive source 20. Note that this drive
source 20 is supported by the supporting part 15, and
the drive source 20 of the actuator 17 is connected to the
control means 10.

[0025] Operations of the manufacturing device 1 ac-
cording to the first embodiment of the present invention
are now described.

Conveying the substrate 2 and performing film formation
on the substrate 2 in the manufacturing device 1 is de-
scribed with reference to Fig. 1 again. In the unwinding
chamber 3, the substrate 2 wound by the unwinding core
3a is unwound while being driven and guided by the roll-
ers 3b to 3f. This substrate 2 leaves the unwinding cham-
ber 3, and is then conveyed sequentially through the film-
forming chambers 5a to 5f along the forward feed direc-
tion. Subsequently, various thin films are formed on the
surface of the substrate 2 in the film-forming chambers
5a to 5f. The substrate 2 obtained after the film formation
is conveyed into the winding chamber 4 and wound by
the winding core 4a while being driven and guided by the
rollers 4b to 4h. The substrate 2 is conveyed along the
backward feed direction, if needed.

[0026] Adjusting the position of the substrate 2 con-
veyed in the forward feed direction is described with ref-
erence to Figs. 4(a), 4(b) and 5. When the detection
means 9 (see Fig. 2(b)) detects a downward displace-
ment of the substrate 2 conveyed in the forward feed
direction, the detection means 9 sends a signal to the
control means 10 (see Fig. 2(b)). Next, the control means
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10 sends the signal to the drive source 20 of the actuator
17, and the drive source 20 is subjected to rotation control
such that the tip end part 18a of the arm 18 is moved in
toward the backward feed direction. At this moment, the
engaging roller 14 that is engaged with the tip end part
18a of the arm 18 also moves toward the backward feed
direction, and the link 13 rotates around the link rotation
axis 13b. As a result, the first grip rollers 6 are inclined
by an inclination angle 64 with respect to the width direc-
tion of the substrate 2 such that the lower sides of the
first grip rollers 6 are directed toward the forward feed
direction along the surface of the substrate 2. In other
words, the first grip rollers 6 are inclined upward with
respect to the forward feed direction of the substrate 2.
Note that in the state in which the first grip rollers 6 are
inclined by the inclination angle 64, the link 13 is biased
by the biasing means 16 such that the first grip rollers 6
are returned to a neutral position thereof.

[0027] Adjusting the position of the substrate 2 con-
veyed in the backward feed direction is described with
reference to Figs. 6(a), 6(b) and 7. When the detection
means 9 (see Fig. 2(b)) detects a downward displace-
ment of the substrate 2 conveyed in the backward feed
direction, the detection means 9 sends a signal to the
control means 10 (see Fig. 2(b)). Next, the control means
10 sends the signal to the drive source 20 of the actuator
17, and the drive source 20 is subjected to rotation control
such that the tip end part 18a of the arm 18 is moved in
toward the forward feed direction. At this moment, the
engaging roller 14 that is engaged with the tip end part
18a of the arm 18 also moves toward the forward feed
direction, and the link 13 rotates around the link rotation
axis 13b. As a result, the first grip rollers 6 are inclined
by an inclination angle 0, with respect to the width direc-
tion of the substrate 2 such that the lower sides of the
first grip rollers 6 are directed toward the backward feed
direction along the surface of the substrate 2. In other
words, the first grip rollers 6 are inclined upward with
respect to the backward feed direction of the substrate
2. Note that in the state in which the first grip rollers 6 are
inclined by the inclination angle 8,, the link 13 is biased
by the biasing means 16 such that the first grip rollers 6
are returned to the neutral position thereof.

[0028] Here, when the detection means 9 detects that
adequate lifting force cannot be obtained due to a low-
ered gripping force of the first grip rollers 6 and that the
substrate 2 remains displaced downward even after po-
sition correction is performed thereon, the control means
10 controls the drive source 20 of the actuator 17, in a
manner as to increase the inclination angle 64 or 6, of
the first grip rollers 6. As a result, the position of the sub-
strate 2 is corrected. However, when the detection means
9 detects that the lifting force is strong due to an exces-
sively increased gripping force of the first grip rollers 6
and that the substrate 2 is displaced upward after the
position correction is performed thereon, the control
means 10 controls the drive source 20 of the actuator
17, in a manner as to reduce the inclination angle 64 or
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0, of the first grip rollers 6. As a result, the position of the
substrate 2 is corrected.

[Second Embodiment]

[0029] A device for manufacturing a thin-film laminated
body according to a second embodiment of the present
invention is described hereinafter. The basic configura-
tion of the device for manufacturing a thin-film laminated
body according to the second embodiment is the same
as that of the device for manufacturing a thin-film lami-
nated body according to the first embodiment. The same
reference numerals and names as those of the first em-
bodiment are used to describe the same components of
the firstembodiment. The configurations that are different
than those of the first embodiment are now described.
[0030] As shown in Fig. 8, a pair of second grip rollers
6’ is further provided in a manner as to sandwich the
lower end part of the substrate 2 therebetween. As with
the first grip rollers 6, each of the second grip rollers 6’
has a rotation axis 6a’ and an outer circumferential sur-
face 6b’. Although not shown, a second angle adjusting
mechanism capable of adjusting an inclination direction
and an inclination angle of the second grip rollers 6’ is
provided to incline the second grip rollers 6’ downward
with respect to the conveying direction and toward both
the forward feed direction and the backward feed direc-
tion with respect to the conveying direction, with the outer
circumferential surfaces 6b positioned along the surface
of the substrate 2. This second angle adjusting mecha-
nism corresponds to the second grip rollers 6’ and has
the basic configuration as the first angle adjusting mech-
anism 11. Note that Fig. 8 shows a state in which the
substrate 2 is fed in the forward feed direction (the arrow
A) and upper sides of the second grip rollers 6’ are in-
clined in the forward feed direction so as to correspond
to the substrate 2 fed in the forward feed direction.
[0031] According to the first embodiment and the sec-
ond embodiment of the present invention described
above, the inclination direction and the inclination angle
of the first and/or second grip rollers 6, 6’ are adjusted
by the first angle adjusting mechanism 11 and/or the sec-
ond angle adjusting mechanism, in a manner that the
first and/or second grip rollers 6, 6’ are inclined toward
both the forward feed direction and the backward feed
direction in the conveying direction of the substrate 2. In
this manner, the position of the substrate 2 conveyed in
the forward feed direction and the backward feed direc-
tion can be adjusted with a high degree of accuracy.
[0032] According to the first embodiment and the sec-
ond embodiment of the present invention, for instance,
when the gripping force of the first grip rollers 6 weakens
due to the wear of the first grip rollers 6, and adequate
lifting force for lifting the substrate 2 cannot be obtained,
the position of the substrate 2 can be corrected by in-
creasing the inclination of the first grip rollers 6 and the
distance in which the substrate 2 moves in the width di-
rection. As a result, imposing an excess load onto the
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substrate 2 can be inhibited without increasing the force
of the first grip rollers 6 sandwiching the substrate 2. On
the other hand, when the gripping force of the first grip
rollers 6 fluctuates and therefore becomes so high that
the lifting force for lifting up the substrate 2 becomes ex-
cessively strong, the position of the substrate 2 can be
corrected by reducing the inclination of the first grip rollers
6 and the distance in which the substrate 2 moves in the
width direction. As a result, the accuracy of adjusting the
position of the substrate 2 can be prevented from drop-
ping.

[0033] The above has described the embodiments of
the present invention. However, the present invention is
not limited to these above-described embodiments and
can be modified and changed in various ways based on
the technical idea of the present invention.

[0034] In afirst modification of the embodiments of the
present invention, the first and/or second grip rollers 6,
6’ may be configured such that the force thereof for sand-
wiching the substrate 2 therebetween (referred to as
"substrate sandwiching force" hereinafter) can be adjust-
ed. For example, when the detection means 9 detects
that adequate lifting force for lifting up the substrate 2
cannot be obtained due to a lowered gripping force of
the first grip rollers 6 and that the substrate 2 remains
displaced downward even after position correction is per-
formed thereon, the control means 10 may control the
pair of first grip rollers 6 to correct the position of the
substrate 2, in a manner as to increase the substrate
sandwiching force of the pair of first grip rollers 6. How-
ever, when the detection means 9 detects that the lifting
force for lifting up the substrate 2 is strong due to an
excessively increased gripping force of the first grip roll-
ers 6 and that the substrate 2 is displaced upward after
the position correction is performed thereon, the control
means 10 may control the pair of first grip rollers 6 to
correct the position of the substrate 2, in a manner as to
reduce the substrate sandwiching force of the pair of first
grip rollers 6. In this manner, the same effects as those
of the present invention can be obtained.

[0035] In asecond modification of the embodiments of
the present invention, the first and/or second grip rollers
6, 6" may be provided in at least one conveying section
out of the conveying section between the unwinding
chamber 3 and the film-forming chamber 5a, the convey-
ing sections between the five adjacent film-forming
chambers, and the conveying section between the wind-
ing chamber 4 and the film-forming chamber 5f. The
number of conveying sections provided with the first
and/or second grip rollers 6, 6’ can be changed such that
the position of the substrate 2 can be adjusted appropri-
ately. In addition, the number of the first and/or second
grip rollers 6, 6’ provided in each conveying section may
be two or more. In this manner, the same effects as those
of the present invention can be obtained.

[0036] In a third modification of the embodiments of
the present invention, in place of the roller attachment
part 12, a drive source for rotating the first and/or second
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grip rollers 6, 6° may be provided so that the first and/or
second grip rollers 6, 6’ can be rotated by this drive
source. This drive source may be connected to the control
means 10 to rotate the first and/or second grip rollers 6,
6. In this manner, the same effects as those of the
present invention can be obtained.

[Example]

[0037] An example using the manufacturing device 1
of the first embodiment of the present invention is now
described. In the example according to the present in-
vention, the substrate sandwiching force of a pair of the
first grip rollers 6 was set at 4.4 N, 8.9 N or 16.3 N, and
changes in a lifting force F of the pair of first grip rollers
6 (referred to as "lifting force" hereinafter) for lifting up
the substrate 2 were measured when the inclination an-
gle 8, or 6, of the first grip rollers 6 was changed between
0° to 8°.

[0038] Fig. 9 shows a relationship between the incli-
nation angle 84 or 6, of the first grip rollers 6 and the
lifting force F of the first grip roller 6 for lifting up the
substrate 2, wherein a solid line P shows that the sub-
strate sandwiching force is 4.4 N, a dashed line Q shows
that the substrate sandwiching force is 8.9 N, and a chain
line R shows that the substrate sandwiching force is 16.3
N.

[0039] AsshowninFig.9, itis clearthat the lifting force
Fincreases in proportion to the inclination angle 6, or 6,.
For example, in order to obtain approximately 2 N for the
lifting force F for lifting the substrate 2, and when the
substrate sandwiching force is 4.4 N, the inclination angle
6, or 8, may be approximately 3.5°. When the substrate
sandwiching force is 8.9 N, the inclination angle 6, or 6,
may be approximately 2°. When the substrate sandwich-
ing force is 16.3 N, the inclination angle 8, or 6, may be
approximately 1°. According to the example of the
presentinvention illustrated above, it was confirmed that,
instead of increasing the substrate sandwiching force of
the pair of first grip rollers 6, the lifting force F can be
increased by increasing the inclination angle 6, or 6, of
the first grip rollers 6.

EXPLANATION OF REFERENCE NUMERALS

[0040]

1 Device for manufacturing thin-film laminated body
(manufacturing device)

2 Film substrate (substrate)

6 First grip roller

6’ second grip roller

6a, 6a’ Rotation axis

6b, 6b’ Outer circumferential surface
9 Detection means

11 Angle adjusting mechanism

A, B, C, D, D', D" Arrow

F Lifting force
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04, 6, Inclination angle the substrate.
P Solid line

Q Dashed line

R Chain line

Claims

1. A film substrate conveying device for conveying a
belt-like film substrate while placing the film sub- 70
strate upright, with one end part thereof being on an
upper side in a width direction thereof,
the film substrate conveying device comprising:

at least a pair of first grip rollers that is disposed 75

so as to sandwich an upper end part of the film

substrate therebetween; and

afirstangle adjusting mechanism thatis capable

of adjusting an inclination direction and an incli-

nation angle of the first grip rollers so as to be 20

able to incline a rotation axis angle of the first

grip rollers such that a rotation direction of the

first grip rollers is on an upper side with respect

to a conveying direction.

25
2. The film substrate conveying device according to
claim 1, further comprising:

at least a pair of second grip rollers that is dis-
posed so as to sandwich a lower end part of the 30
film substrate therebetween; and

a second angle adjusting mechanism that is ca-
pable of adjusting an inclination direction and an
inclination angle of the second grip rollers so as

to be able to incline a rotation axis angle of the 35
second grip rollers such that a rotation direction

of the second grip rollers is on a lower side with
respect to the conveying direction.

3. The film substrate conveying device according to 40
claim 1 or 2, further comprising:

detection means for detecting a level of a width
direction end part of the film substrate,

wherein when the detection means detects a 45
displacement of the film substrate, the first angle
adjusting mechanism and/or the second angle
adjusting mechanism performs control to incline

the first grip rollers and/or the second grip rollers

in an inclination direction corresponding to the 50
conveying direction of the film substrate.

4. Thefilmsubstrate conveying device according toany
one of claims 1 to 3, wherein the first angle adjusting
mechanism and/or the second angle adjusting 55
mechanism performs control to change the inclina-
tion angle of the first grip rollers and/or the second
grip rollers in order to correct the displacement of
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