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(54) Mechanism and method for supporting substrate to be coated with film

(57) An object of the invention is to provide a mech-
anism and method for supporting a substrate to be
coated with a film, which enables transporting a sub-
strate (M) coated with a thin film, out of a film forming
apparatus (10) without damaging the substrate (M) or
the thin film. A support mechanism (20) is provided with
a stage (21), a shaft member (22), and support pins (23,
24). When the substrate (M) is placed on the stage (21)
which is held in a horizontal state, the shaft member
(22) is rotated so that the stage (21) is lifted up to a film
forming position where a substrate bearing surface
(21a) of the stage becomes a substantially vertical.
After film formation has been carried out at the film
forming position, an actuator (27) is driven so as to
move the support pins (23, 24) provided in the stage
(21). Accordingly, cracks and chips in the substrate (M)
as well as peeling-off of the thin film can be almost com-
pletely prevented.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a mecha-
nism and method for supporting a substrate to be
coated with a film, for use in liquid crystal display
devices and semiconductor devices such as transistors.

2. Description of the Related Art

[0002] In Japanese Unexamined Patent Publication
JP-A8-107076 (1996), there is described a CVD
(Chemical Vapor Deposition) apparatus for forming a
thin film on a surface of a supported wafer. In this CVD
apparatus, a susceptor is used as a wafer support
mechanism. A wafer is placed on a top of the bearing
surface of the susceptor which is horizontally held.
When the wafer has been placed, the susceptor is
angularly displaced so that the bearing surface is verti-
cal. In this state, a thin film is formed on a top of the
wafer. Wafer chuck pins are fixed to the bearing surface.
The wafer chuck pins support the wafer on the bearing
surface and prevent the wafer from falling due to the
angular displacement of the susceptor. After the film
has been formed, the susceptor is angularly displaced
again so that the bearing surface is vertical. In this state,
the wafer is lifted up and transported away.
[0003] In the CVD apparatus disclosed in JP-A 8-
107076, because the wafer is in contact with the wafer
chuck pins when the thin film is formed, thin film mate-
rial may adhere to surfaces of the wafer chuck pins as
well as forming the thin film on the wafer. When the
wafer in this state is forcibly lifted up from the top of the
susceptor to be transported out, the thin film on the
wafer is pulled by the thin film adhering to the wafer
chuck pins and is peeled off. Cracks, chips or the like
may also be caused in the wafer itself.

SUMMARY OF THE INVENTION

[0004] An object of the invention is to provide a
mechanism and method for supporting a substrate to be
coated with a thin film, which mechanism and method
enables transporting the substrate coated with a thin
film out of a film forming apparatus without damaging
the thin film as well as the substrate.
[0005] The invention provides a mechanism for
supporting a substrate to be coated with a film, which
mechanism is used in a film forming apparatus, com-
prising:

a stage for receiving a substrate which has been
transported into the film forming apparatus to form
a film on the substrate;
a shaft member for angularly displacing the stage

bearing the substrate from a substrate receiving
position at which the stage received the substrate,
to a film forming position at which a substrate bear-
ing surface of the stage is vertical or substantially
vertical;

a plurality of support members which are provided
so as to protrude from the substrate bearing sur-
face of the stage, for supporting an end surface of
the substrate, which faces downwards, when the
stage is angularly displaced to the film forming posi-
tion; and
moving means for moving the support members.

[0006] According to the invention, since the support
members, which support an end surface of a substrate
to be coated with a film, are movable during film forma-
tion, peeling-off of the thin film which has been formed
on the substrate, as well as cracks and chips in the sub-
strate coated with the thin film can be almost completely
prevented by moving the support meters before trans-
porting the substrate out of the film forming apparatus
after formation of the film.
[0007] In the invention it is preferable that the mov-
ing means causes the support members to move in par-
allel in one direction of three dimensional directions on
the stage or causes the support members to rotationally
move on the stage.
[0008] According to the invention, since the support
members are moved in parallel or moved rotationally,
peeling-off of the thin film formed on the substrate, as
well as cracks and chips in the substrate can be almost
completely prevented by moving the support members
before transporting the substrate out of the film forming
apparatus after formation of the film.
[0009] In the invention it is preferable that the mov-
ing means moves the support members towards or
away from the shaft member.
[0010] According to the invention, since the direc-
tion of movement of the support members is a direction
towards or away from the shaft member, the support
members can be prevented from rubbing against the
end surface of the substrate on which a film has been
formed when the support members are moved. Accord-
ingly, dust caused by rubbing can be prevented from
being contained in the thin film, with the result that the
quality of the thin film is improved.
[0011] In the invention it is preferable that the mov-
ing means is connected together with a plurality of the
support members and moves the plurality of support
members in one operation.
[0012] According to the invention, the plurality of
support members can be moved in one operation by a
single moving means, which makes the structure of the
support mechanism simple.
[0013] In the invention it is preferable that a plurality
of the moving means are provided to respectively con-
nect with the plurality of support members to move the
plurality of support members independently.
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[0014] According to the invention, the plurality of
support members can be moved independently by the
moving means respectively provided for the plurality of
support members, so that, for example, the respective
support members can move in different manners.

[0015] In the invention it is preferable that the mov-
ing means is an actuator.
[0016] According to the invention, the movement of
the support members can be achieved by an actuator
having a simple structure.
[0017] In the invention it is preferable that each of
the plurality of support members is formed in a colum-
nar shape.
[0018] According to the invention, since the support
members are formed in a columnar shape, the areas of
the surfaces of the support members which come into
contact with the end surface of the substrate to be
coated with a film can be decreased. Accordingly, the
thin film which has been formed on the substrate tends
not to adhere to the support members and peeling-off of
the thin film from the substrate, as well as cracks and
chips in the substrate can be almost completely pre-
vented.
[0019] In the invention it is preferable that the sub-
strate is a glass substrate or a semiconductor wafer.
[0020] According to the invention, when a thin film is
formed on a glass substrate or a semiconductor wafer,
peeling-off of the thin film which has been formed on the
glass substrate or the semiconductor wafer, as well as
cracks and chips in the glass substrate or the semicon-
ductor wafer can be almost completely prevented.
[0021] Moreover, the invention provides a method
for supporting a substrate to be coated with a film, which
method is used in a film forming apparatus, comprising:

a step of placing a substrate to be coated with a
film, which substrate has been transported into the
film forming apparatus, on a stage movably pro-
vided with a plurality of support members;
a step of angularly displacing the stage on which
the substrate is placed, from a substrate receiving
position at which the substrate has been received
by the stage, to a film forming position at which a
substrate bearing surface of the stage is vertical or
substantially vertical and at which an end surface of
the substrate is supported from thereunder by the
support members;
a step of angularly displacing the stage from the
film forming position back to the substrate receiving
position, after film formation;
a step of moving the support members after the
stage has returned to the film placing position; and
transporting the substrate to be coated with a film,
out of the stage of the film forming apparatus, after
the movement of the support members.

[0022] According to the invention, since the support
members are moved before transporting the substrate

out of the film formation apparatus after the completion
of film formation on the substrate, peeling-off of the thin
film formed on the substrate, as well as cracks and
chips in the substrate can be almost completely pre-
vented.

[0023] In the invention it is preferable that in the
step of moving the support members, the support mem-
bers are moved in parallel to one direction of three
dimensional directions on the stage or are rotationally
moved on the stage.
[0024] According to the invention, because the sup-
port members are moved in parallel or rotationally
moved, peeling-off of the thin film fanned on the sub-
strate, as well as cracks and chips in the substrate can
be almost completely prevented.
[0025] In the invention it is preferable that in the
step of moving the support members, the support mem-
bers are moved in a direction towards or away from the
shaft member far angularly displacing the stage.
[0026] According to the invention, since the direc-
tion of movement of the support members is a direction
towards or away from the shaft member, the support
members can be prevented from rubbing against the
end surface of the substrate on which a film has been
formed, when the support members are moved. Accord-
ingly, dusts caused by rubbing can be prevented from
being contained in the thin film, thereby enabling the
quality of the thin film to be improved.
[0027] In the invention it is preferable that the sub-
strate is a glass substrate or a semiconductor wafer.
[0028] According to the invention, when the thin film
is formed on a glass substrate or a semiconductor
wafer, peeling-off of the thin film which has been formed
on the glass substrate or the semiconductor wafer, as
well as cracks and chips in the glass substrate or the
semiconductor wafer can be almost completely pre-
vented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Other and further objects, features, and
advantages of the invention will be more explicit from
the following detailed description taken with reference to
the drawings wherein:

Fig. 1 is a view showing a film forming apparatus 10
which is an embodiment of the invention;
Fig. 2 is a perspective view showing a support
mechanism 20 of a film forming apparatus 10; and
Fig. 3 is a side view showing the support mecha-
nism 20 of the film forming apparatus 10.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Now referring to the drawings, preferred
embodiments of the invention are described below.
[0031] Fig. 1 is a view showing a film forming appa-
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ratus 10 which is an embodiment of the invention. The
film forming apparatus 10 comprises a load lock cham-
ber 11 which can be sealed, a transport chamber 12,
and a film forming chamber 13. The load lock chamber
11 is a passage through which a substrate M to be
coated with a film is transported into the film forming
apparatus. The transport chamber 12 is connected to
the load lock chamber 11 and has a vacuum robot 14 for
transporting the substrate M in a vacuum. The film form-
ing chamber 13 is connected to the transportance
chamber 12 and has a support mechanism 20 for sup-
porting the substrate M.

[0032] A gate valve 15 is provided between the load
lock chamber 11 and the transport chamber 12, and a
gate valve 16 is provided between the transport cham-
ber 12 and the film forming chamber 13. Exhaust pipes
17 and 18 are respectively provided in the transport
chamber 12 and film forming chamber 13.
[0033] In the film forming apparatus 10, firstly, a
substrate M is fed into the interior of the load lock cham-
ber 11 from one end thereof. The load lock chamber 11,
the transport chamber 12, and the film forming chamber
13 are then sealed. The gate valves 15 and 16 are then
closed and gas inside is exhausted via the exhaust
pipes 17 and 18. A vacuum is thus created inside the
transport chamber 12 and the film forming chamber 13.
[0034] When the substrate M inside the load lock
chamber 11 is transported to the gate valve 15, the gate
valve 15 opens. The vacuum robot 14 in the transport
chamber 12 extends an arm 14a and receives the sub-
strate M to transport the substrate M to the gate valve
16. When the vacuum robot 14 receives the substrate
M, the gate valve 15 is closed. When the substrate M
has been transported up to the gate valve 16, after the
substrate M waits for the transport chamber 12 to be
placed in a vacuum once more through the exhaust of
gas from the exhaust pipe 17, the gate valve 16 is
opened, and the vacuum robot 14 again extends an arm
and transfers the substrate M onto the support mecha-
nism 20 inside the film forming chamber 13. When the
substrate M has been transferred, the gate valve 16 is
closed.
[0035] After film formation has been completed
inside the film forming chamber 13, the substrate M is
fed back in reverse along the transporting path and is
taken out from the load lock chamber 11.
[0036] Fig. 2 is a perspective view showing the sup-
port mechanism 20 of the film forming apparatus 10 and
Fig. 3 is a side view of the same. The support mecha-
nism 20 has a stage 21, a shaft member 22, support
pins 23, 24 and the like. The stage 21 is constituted with
a rectangular plate-shaped member and has a flat sub-
strate bearing surface 21a on which the substrate M is
placed. Directions parallel to two adjacent sides of the
stage 21 are taken as direction X and direction Y.
[0037] The shaft member 22 is disposed at a prede-
termined distance from the stage 21 facing an end sur-
face 21b of the stage 21 and extends in the direction X.

The stage 21 and the shaft member 22 are linked by link
members 25 and 26. The shaft member 22 is rotatable
in directions Ω about a longitudinal axis thereof. After
the substrate M on which film formation has been com-
pleted has been transported out by the vacuum robot 14
and while the receipt of the next substrate M by the vac-
uum robot 14 is being awaited, the shaft member 22
supports the stage 21 in a horizontal state. A position
where the stage 21 is being supported in a horizontal
state to receive the substrate is hereafter called a sub-
strate receiving position. When film formation is per-
formed, the shaft member 22 rotates to angularly
displace the stage 21 up to a film forming position where
the substrate bearing surface 21a becomes parallel with
a vertical or substantially vertical direction.

[0038] The support pins 23, 24 are provided at an
end portion of the substrate bearing surface 21a so as
to protrude upright from the substrate bearing surface
21a. The support pins 23, 24 can support the end sur-
face of the substrate M from beneath even when the
stage 21 is lifted up to the film forming position by rota-
tion of the shaft member 22. By carrying out film forma-
tion in this way with the substrate M which has been
supported parallel with a vertical or substantially vertical
direction, particles and the like can be prevented from
falling onto the formed thin film.
[0039] The support pins 23, 24 are each formed in
a columnar shape and have a small area of contact with
the end surface of the substrate M. Accordingly, the thin
film which has been formed on the substrate M tends
not to adhere to the support pins 23, 24, and peeling-off
of the thin film from the substrate M and cracks or chips
in the substrate M can be prevented.
[0040] The support pins 23, 24 are also both con-
nected to an actuator 27 and can move in the direction
Y, namely in a direction in which the pins 23, 24 they
either move towards or away from the shaft member 22.
After film formation, the support pins 23, 24, contacting
with an end surface of the substrate M can be separated
therefrom without damaging the substrate M or the thin
film which has been formed thereon. The movement of
the support pins 23, 24 may be a movement where they
move towards the shaft member 22 in the direction Y, a
reciprocating motion where after this towards move-
ment they move away from the shaft member 22, or a
cyclic oscillating movement.
[0041] Note that the support pins 23, 24 are moved
by the actuator 27, but dedicated actuators may be indi-
vidually provided for the respective support pin 23, 24
so as to move the support pins independently of each
other.
[0042] Next, a support method for a substrate M
using the support mechanism 10 shown in Fig. 2 will be
explained. Firstly, the substrate M is transported into the
film forming chamber 13 and is placed on the stage 21.
Next, the stage 21 is angularly displaced from the sub-
strate receiving position at which the substrate M is
placed on the stage 21, to the film forming position at
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which the substrate bearing surface 21a of the stage 21
becomes vertical or substantially vertical. The end sur-
face of the substrate M is thus supported from beneath
by the support pins 23, 24.

[0043] After film formation, the stage 21 is angularly
displaced from the film forming position back to the sub-
strate receiving position. Once the stage 21 has
returned to the substrate receiving position from the film
forming position, the actuator 27 is driven so as to move
the support pins 23, 24. Finally, the substrate M is lifted
up and transported out from the film forming chamber
13.
[0044] Note that not only a glass substrate but also
a semiconductor wafer may be used as the substrate M
in the present embodiment. Moreover, the mechanism
and method for supporting a substrate to be coated with
a film of the invention may be applied to a film forming
apparatus for forming a desired film on a glass substrate
or a semiconductor wafer.
[0045] The invention may be embodied in other
specific forms without departing from the spirit or essen-
tial characteristics thereof. The present embodiments
are therefore to be considered in all respects as illustra-
tive and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the
foregoing description and all changes which come
within the meaning and the range of equivalency of the
claims are therefore intended to be embraced therein.

Claims

1. A mechanism for supporting a substrate to be
coated with a film, which mechanism is used in a
film forming apparatus (10), comprising:

a stage (21) for receiving a substrate (M) which
has been transported into the film forming
apparatus (10) to form a film on the substrate;
a shaft member (22) for angularly displacing
the stage (21) bearing the substrate (M) from a
substrate receiving position at which the stage
(21) received the substrate (M), to a film form-
ing position at which a substrate bearing sur-
face (21a) of the stage is vertical or
substantially vertical;
a plurality of support members (23, 24) which
are provided so as to protrude from the sub-
strate bearing surface (21a) of the stage (21),
for supporting an end surface of the substrate
(M), which faces downwards, when the stage
(21) is angularly displaced to the film forming
position; and
moving means (27) for moving the support
members (23, 24).

2. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein the moving
means (27) causes the support members (23, 24)

to move in parallel in one direction of three dimen-
sional directions on the stage (21) or causes the
support members to rotationally move on the stage
(21).

3. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein the moving
means (27) moves the support members (23, 24)
towards or away from the shaft member (22).

4. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein the moving
means (27) is connected together with a plurality of
the support members (23, 24) and moves the plu-
rality of support members (23, 24) in one operation.

5. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein a plurality of
the moving means (27) are provided to respectively
connect with the plurality of support members (23,
24) to move the plurality of support members (23,
24) independently.

6. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein the moving
means (27) is an actuator.

7. The mechanism for supporting a substrate to be
coated with a film of claim 1, wherein each of the
plurality of support members (23, 24) is formed in a
columnar shape.

8. The mechanism for supporting a substrate (M) to
be coated with a film of claim 1, wherein the sub-
strate (M) is a glass substrate or a semiconductor
wafer.

9. A method for supporting a substrate to be coated
with a film, which method is used in a film forming
apparatus (10), comprising the steps of:

placing a substrate to be coated with a film (M),
which substrate has been transported into the
film forming apparatus (10), on a stage (21)
movably provided with a plurality of support
members (23, 24);
angularly displacing the stage (21) on which
the substrate (M) is placed, from a substrate
receiving position at which the substrate (M)
has been received by the stage (21), to a film
forming position at which a substrate bearing
surface (21a) of the stage (21) is vertical or
substantially vertical and at which an end sur-
face of the substrate (M) is supported from
thereunder by the support members (23, 24);
angularly displacing the stage (21) from the
film forming position back to the substrate
receiving position, after film formation;
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moving the support members (23, 24) after the
stage (21) has returned to the film placing posi-
tion; and

transporting the substrate to be coated with a
film (M), out of the stage (21) of the film forming
apparatus (10), after the movement of the sup-
port members (23, 24).

10. The method for supporting a substrate to be coated
with a film of claim 9, wherein in the step of moving
the support members, the support members (23,
24) are moved in parallel to one direction of three
dimensional directions on the stage (21) or are rota-
tionally moved on the stage (21).

11. The method for supporting a substrate to be coated
with a film of claim 9, wherein in the step of moving
the support members, the support members (23,
24) are moved in a direction towards or away from
the shaft member (22) for angularly displacing the
stage (21).

12. The method for supporting a substrate (M) to be
coated with a film of claim 9, wherein the substrate
(M) is a glass substrate or a semiconductor wafer.
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