
SPECIFICATION ROBOT HAND FOR SUBSTRATE TRANSFER [Technical Field]
[0001]The present invention relates to a robot hand for substrate
transfer in which the robot hand is mounted on a transfer robot for
transferring a substrate such as a semiconductor wafer, a glass wafer
and the like to support the substrate in a state of being mounted on
the robot hand. [Background Art] [0002]Conventionally, as an
apparatus for performing various kinds of processing such as
film-forming processing, etching processing and the like on a
substrate, there is known a processing apparatus (a so-called cluster
tool apparatus) which is constituted as shown in FIG. 1 by arranging
a load-lock chamber B for the substrate and a plurality of processing
chambers C in a manner to enclose a centrally positioned transfer
chamber A having disposed therein a transfer robot 1. The processing
apparatus is thus so arranged that a substrate S loaded into the
load-lock chamber B can be transferred to the respective processing
chambers C by means of the transfer robot 1. The transfer robot 1 is
provided with a rotatable and telescopic robot arm 2. On a front end
of the robot arm 2 there is mounted a robot hand 3 which supports the
substrate S in a state of being placed on the robot hand. [0003]In
the course of subjecting the substrate S to various kinds of 



processing by means of the above-mentioned processing apparatus,
there are cases where the substrate S is warped upward into a convex
shape or is warped downward into a concave shape due to the
difference in the direction of stresses and in the intensity of
stresses depending on the kind and thickness of films that have been
formed on the substrate. The warped  substrate S is likely to become
slidable because it does not come into surface contact with the robot
hand. Then, if the speed of motion of the robot is accelerated to
improve the throughput, the substrate S will give rise to a
positional deviation on the robot hand 3. [0004]Conventionally, as a
robot hand in which this kind of disadvantages have been eliminated,
there is known one, in patent document 1, in which a plurality of
pads are attached to an upper surface respectively through spring
members. According to this arrangement, even if the substrate gives
rise to warping into convex or concave shape, each of the pads will
be displaced to follow the warping, whereby the pads come into
surface contact with the substrate. As a result, the frictional
resistance between the pads and the substrate becomes equivalent to
that when the substrate is flat, and the positional deviation of the
substrate will thus be suppressed. Patent Document 1:
JP-A-2002-353291 [0005]However, in the above-mentioned arrangement
described in the patent document 1, it becomes necessary to mount a
large number of spring members on the robot hand, thereby bringing
about an increase in cost. Further, the spring members are vibrated
when the robot hand has come to a stop after movement, and if the
substrate is handed over during the vibration, the substrate will be
deviated in position. Therefore, it becomes necessary to wait for the
vibration to stop before the substrate can be handed over. This will
be an obstacle to an attempt in improving the throughput. In
addition, if the robot hand is not held in a horizontal posture at
the time of handing over, nonuniform load will be applied to the
plurality of springs, resulting in a disadvantage in that the
substrate will be deviated in a certain direction. [Disclosure of the
Invention] 



[Problems to be Solved by the Invention]  [0006]In view of the
above-mentioned points, this invention has a problem to provide a
robot hand for transferring a substrate in which the robot hand is
capable of stably supporting the substrate without using spring
members and the like even if the substrate gives rise to warping.
[Means for Solving the Problems] [0007]In order to solve the
above-mentioned problems, according to a first embodiment of this
invention, there is provided a robot hand for substrate transfer in
which the robot hand is disposed on a substrate transfer robot to
support a substrate in a state of being placed on the robot hand. A
first seating surface on which a lower-surface peripheral portion of
the substrate is seated is provided on an upper surface of the robot
hand, and the first seating surface has an upward step formed on a
periphery thereof. A second seating surface which is inclined
downward toward a center of the substrate is provided on an upper
surface portion, away from the peripheral portion of the substrate,
of the robot hand such that the lower surface of the substrate is
seated on the second seating surface when the substrate is warped
downward into a concave shape. (00081According to the first
embodiment, in case the substrate is flat or warped upward into a
convex shape, the lower-surface peripheral edge of the substrate gets
seated on the first seating surface. And the outer peripheral edge of
the substrate comes into contact with the step along the periphery of
the first seating surface, whereby the substrate can be prevented
from positionally deviating. On the other hand, in case the substrate
is warped downward into a concave shape, the peripheral edge of the
substrate comes into contact with the step along the periphery of the
first seating surface in a state of being upwardly inclined.
Therefore, there is a possibility that the peripheral edge of the
substrate will get over the step due to an inertia force at the time
of stopping the movement of the robot hand. In the first embodiment,
however, in case the substrate is  



warped downward into a concave shape, the lower surface of the
substrate gets seated onto the second seating surface. As a result,
due to a frictional resistance of the second seating surface, the
positional deviation of the substrate can be suppressed. [0009]As
described above, according to the first embodiment of this invention,
whichever of the convex warping and concave warping may happen to the
substrate, the substrate can be stably supported without giving rise
to positional deviation. In addition, unlike the above-mentioned
prior art, there is no need of providing the robot hand with springs
and the like. Therefore, an attempt can be made to reduce the cost,
and also the substrate can be immediately handed over right after the
stopping of movement of the robot hand, thereby contributing to the
improvement in the throughput. [oolo]By the way, if the step along
the periphery of the first seating surface is formed vertically,
there is the following disadvantage, i.e., should the substrate be
positionally deviated even slightly when the substrate is received
with the robot hand, the lower-surface peripheral portion of the
substrate will be mounted on top of the step and, therefore, will not
be seated into contact with the first seating surface. On the other
hand, by forming the step in an inclined manner so as to obtain an
aligning effect, even if the substrate is slightly deviated, the
positional deviation is corrected, and the lower-surface peripheral
portion of the substrate can be seated into contact with the first
seating surface. In this case, if the step is simply provided with an
inclination, there is a possibility that the peripheral edge of the
substrate will get over the step at a stretch due to an inertia force
at the time of stopping the movement of the robot hand. [0011]As a
solution, according to the first embodiment of this invention, it is
preferable to provide the upward step along the periphery of the
first seating surface with a plurality of stages in the shape of
stairs. According  to this arrangement, even if the peripheral edge
of the substrate may get over a lower stage, the force will be
reduced by the contact of the substrate with the next upper stage. In
this manner, the peripheral edge of the substrate can be effectively
prevented from getting over the step by an inertia force. 



[0012]In the film-forming processing to the substrate, there is a
case in which the film is also formed by wrapping around the
peripheral edge of the substrate. In this case, the film on the
peripheral edge of the substrate will get scratched by the
above-mentioned stair-shaped stage to thereby become a source of dust
generation. As a solution, according to the first embodiment of this
invention, preferably, those portions of the stages which come into
contact with the peripheral edge of the substrate are formed into
rounded surfaces. [0013]In addition, in order to solve the
above-mentioned problems, according to a second embodiment of this
invention, there is provided a robot hand for substrate transfer in
which the robot hand is disposed on a substrate transfer robot to
support a substrate in a state of being placed on the robot hand. The
robot hand has on an upper surface thereof an upwardly raised band
(or projected strip) which is elongated in a band shape along the
same circle of a predetermined diameter that is smaller than an
outside diameter of the substrate, and an upper surface of the raised
band is formed into a curved surface with a downward inclination
toward both a diametrically outer side and a diametrically inner
side. [0014]According to the second embodiment, in case the substrate
is warped upward into a convex shape, the lower surface of the
substrate comes into linear contact with the curved surface on a
diametrically outer side of the raised band. On the other hand, in
case the substrate is warped downward into a concave shape, the lower
surface of the substrate will come into linear contact with the
curved surface on the diametrically inner side of   the upper surface
of the raised band. Therefore, whichever of the concave shape and the
convex shape of warping may happen to the substrate, the substrate
can be stably supported without positional deviation of the
substrate. [00151By the way, in the corn-se of film-forming
processing to the 



substrate, there is a case where a film may be formed by wrapping
around to the lower-surface peripheral portion of the substrate. As a
result, when the lower-surface peripheral portion of the substrate
gets seated on the raised band, there is a possibility that the film
at the lower-surface peripheral portion of the substrate will be
scratched and peeled off. If there exists a peeled-off film between
the upper surface of the raised band and the substrate, this film
will serve the purpose of a roller, whereby the friction force will
extremely be lowered and the positional deviation of the substrate
becomes easier to takes place. [00161As a solution, in the second
embodiment, preferably the predetermined diameter is set such that
the substrate is seated on the raised band at a diametrically inner
portion than a lower-surface peripheral portion of the substrate
where a film is possibly formed by wrapping around of the film in a
film-forming processing to the substrate. According to this
arrangement, the film on the lower-surface peripheral portion of the
substrate will not be peeled off by the scratching with the projected
string. As a result, the above-mentioned disadvantage can be
prevented. [00171In addition, according to the second embodiment, it
becomes necessary to subject the raised band to the work of polishing
the curved surface on the diametrically outer side and the curved
surface on the diametrically inner side, respectively, of the upper
surface of the raised band. And the curved surface on the
diametrically outer side and the curved surface on the diametrically
inner side meet each other at the diametrically intermediate portion
of the upper surface of the raised band to thereby form   a ridge
line. Once this kind of ridge line is formed, scratches are likely to
be formed on the lower surface of the substrate. On the other hand,
if a diametrically intermediate portion of the upper surface of the
raised band is formed into a flat surface, there will be formed no
ridge line, thereby preventing the scratching on the lower surface of
the substrate. [0018]Further, in the second embodiment, in case the
above-mentioned raised band is formed separately into a plurality of
portions along the circle, the edge to be formed by the end surface
and the upper surface of each raised band comes into point-contact
with the lower surface of the substrate, should the robot hand be
warped or the like reason. The lower surface of the substrate will
thus be scratched. As a solution, if end surfaces of respective
raised bands are formed into inclined surfaces, the angle to be
formed by the end surfaces and the upper surface of each of the
raised bands will be an obtuse angle, whereby scratches are hardly
formed on the lower surface of the substrate. 



[Best Mode for Carrying Out the Invention] [00191A description will
now be made of an embodiment in which this invention is applied to a
robot hand 3 to be connected to a robot arm 2 of a transfer robot 1
as shown in FIG. 1. In other words, the transfer robot 1 is disposed,
like in the above-mentioned prior art, in a transfer chamber A. To a
front end of the robot arm 2 there is attached, as shown in FIG. 2, a
robot hand 3 according to a first embodiment through a gear box 2a.
[00201Since there is a case in which a substrate S is heated to a
high temperature in a processing chamber C, this robot hand 3 has
heat resisting properties and, in addition, is formed of a material
having a high coefficient of friction such as a plate material, e.g.,
of Al203, Si02, SiC and the like. Further, the robot hand 3 is
provided with a pair of finger portions 5 which are bifurcated at,
and are elongated forward from, a base end portion 4 that is
connected to the gear box 2a.  [00211At the base end portion 4 and at
a front end portion of each of the finger portions 5, there is
provided a first seating surface 6 on which a lower-surface
peripheral portion of the substrate S can be seated at three
circumferential positions thereof (see FIG. 3). On the inner
circumference of the first seating surface 6, there is formed a
downward step 7. It is ordinarily so arranged that the lower surface
of the substrate S other than the peripheral portion is kept out of
contact with the robot hand 3.  [00221 Further, on the periphery of
the first seating surface 6 there is formed an upward step 8.
According to this arrangement, even if an inertia force is operated
on the substrate S at the time of stopping the movement of the robot
hand 3, the peripheral edge of the substrate S comes into contact
with the step 8, whereby the substrate S can be prevented from
positionally deviating relative to the robot hand 3. 



[00231By the way, in case the step 8 on the periphery of the first
seating surface 6 is formed vertically, at the time of receiving the
substrate S by the robot hand 3, the lower-surface peripheral portion
of the substrate S will overlap with (sit on top of) the step 8 if
the substrate S is positionally deviated even slightly. This will
result in a failure for the substrate S to get seated on the first
seating surface 6. Therefore, it is desired to provide the step 8
with an inclination so that an aligning function to correct the
positional deviation of the substrate S can be obtained. In this
case, if the step 8 is simply provided with an inclination, there is
a possibility that the peripheral edge of the substrate S will get
over the step 8 at a stretch due to the inertia force at the time of
stopping the movement of the robot hand 3. As a solution, the step 8
is provided with a plurality of stages 8a, 8b, 8c in the form of
stairs. According to this arrangement, even if the peripheral edge of
the substrate S has got over the lower stage 8a, the momentum will be
decreased by the contact of the substrate with the next upper stage
8b. In this manner, the peripheral edge of the substrate S can be
effectively  prevented from getting over the step 8 due to its
inertia force. [00241Here, in case the substrate S is flat or warped
into an upwardly convex shape, the substrate S can be prevented by
the step 8 from positionally deviating, as described above. However,
in case the substrate S is warped into a downwardly concave shape as
shown by an imaginary line in FIG. 3, the peripheral edge of the
substrate S will come into contact with the step 8 of the periphery
of the first seating surface 6 in an upwardly inclined state. As a
result, when the robot hand 3 is operated at a high speed, there is a
possibility that the peripheral edge of the substrate S will get over
the step 8 due to the inertia force at the time of stopping the
movement of the robot hand 3. [00251Therefore, on an upper surface of
the inner edge portion at the branched position of the finger
portions 5, 5, i.e., at that portion of the robot hand 3 which is
away from the peripheral portion of the substrate S, there is
provided a second seating surface 9 which is downwardly inclined
toward the center of the substrate S. According to this arrangement,
in case warping into the concave shape has occurred to the substrate
S, the lower surface of the substrate S will be seated on the second
seating surface 9. As a result, the frictional resistance due to the
second seating surface 9 suppresses the positional deviation of the
substrate S. [00261As described hereinabove, according to the first
embodiment, 



even in case the substrate S may give rise to warping of any of the
convex shape and concave shape, the substrate S can be stably
supported by the robot hand 3 in a manner not to positionally
deviate. As a result, the moving speed of the substrate transfer
robot 1 can be accelerated to improve the throughput. In addition,
unlike the above-mentioned conventional art, there is no need of
providing the robot hand with spring members and the like. Therefore,
an attempt can be made to reduce the cost. Further, unlike the
above-mentioned prior art, there is no need for the robot hand 3,
when stopped after having moved, to wait for the vibrations of the
spring members to be damped. Instead, the substrate S can immediately
be transferred. An attempt for further improving the throughput can
therefore be made. [00271In the first embodiment, the second seating
surface 9 is formed integrally with the robot hand 3. It is, however,
also possible to form the second seating surface 9 by adhering to the
robot hand 3 a material which has a large coefficient of friction
such as rubber and the like. Still furthermore, as shown in FIG. 4,
those portions of each of the stages 8a, 8b, Sc which come into
contact with the peripheral edge of the substrate S, may be formed
into rounded surfaces 8d. According to this arrangement, if the film
is formed in the film-forming processing by wrapping around the
peripheral edge of the substrate S, the film on the peripheral edge
of the substrate S can be prevented from getting peeled off due to
scratching.  [00281 With reference to FIGS. 5 through 7, a
description will now be made of a robot hand 30 according to a second
embodiment of this invention. The robot hand 30 which is mounted on a
front end of the robot arm 2 through a gear box 2a is formed, in the
same manner as in the above-mentioned first embodiment, of a material
having heat resisting properties and, in addition, having a high
coefficient of friction. The robot hand is provided with a base end
portion 31 which is connected to a gear box 2a, and a pair of finger
portions 32, 32 which are bifurcated from the base end portion 31 so
as to be elongated forward. [00291On an upper surface of the robot
hand 30, there is provided an upwardly raised band (projected strip)
33 which is elongated in a band shape along the same circle C of a
predetermined diameter that is smaller than an outside diameter of
the substrate S. It is thus so arranged that the substrate S can be
seated on the raised band 33 coaxially with the circle C. The raised
band 33 is provided separately in a plurality of portions on the  



circle C, i.e., separately in three portions at the base end portion
31, and at a pair of finger portions 32, 32. In this embodiment, the
raised band 33 is formed integrally with the robot hand 30.
Alternatively, the raised band 33 may be formed of rubber and the
like into a body separate from the robot hand 30, and the raised band
33 may then be mounted on the upper surface of the robot hand 30.
Considering the heat resisting properties, however, it is desirable
to integrally form, like in this second embodiment, the raised band
33 on the robot hand 30. [00301By the way, in the film-forming
processing on the substrate S, there are cases where a film is formed
to the lower-surface peripheral portion of the substrate S as a
result of wrapping around of the film Sa as shown in FIG. 6.
Therefore, when the lower-surface peripheral portion of the substrate
S is seated on the raised band 33, there is a possibility that the
film Sa on the lower-surface peripheral portion of the substrate S is
scratched and peeled off. When the peeled film is present between the
upper surface of the raised band 33 and the substrate S, this film
will serve the purpose of a roller, so that the friction force will
be extremely lowered, whereby positional deviation of the substrate S
easily takes place. [0031] As a solution, in this embodiment, the
diameter of the above-mentioned circle C is set such that the
lower-surface portion of the substrate S which is diametrically inner
side than the lower-surface peripheral portion of the substrate S is
seated on the raised band 33, the peripheral portion being defined as
the portion which is likely to be formed with a film by winding
around of the film Sa in the film-forming process. According to this
arrangement, there is no possibility that the film Sa on the
lower-surface peripheral portion of the substrate S is scratched and
peeled off by the raised band 33. The above-mentioned disadvantage
can thus be prevented. [00321Further, in this embodiment, the upper
surface of the raised  band 33 is formed, as shown in FIG. 6, into a
curved surface 33a which is inclined downward toward, the
diametrically outer side and toward the diametrically inner side,
respectively. According to this arrangement, in case the substrate S
is warped upward into a convex shape as shown by a solid line in FIG.
6, the lower surface of the substrate S will come into liner contact
with the curved surface 33a on the diametrically outer side on the
upper surface of the raised band 33. On the other hand, in case the
substiate S is warped downward into a concave shape as shown by an
imaginary line in FIG. 6 , the lower surface of the substrate S will
come into linear contact with the curved surface 33a on the
diametrically inner side on the upper surface of the raised band, 33.
It means that, whichever warping of concave shape and convex shape
may occur with the substrate S, the substrate S can be stably
supported so as not to be positionally deviated. It is to be noted
that the flat substrate S may also be deflected downward into a
concave shape due to its own weight and therefore that the lower
surface of the substrate S will come into linear contact with the
curved surface 33a on the diametrically inner side of the upper
surface of the raised band 33. The substrate S will thus be stably
supported. [00331By the way, when the raised band 33 is integrally
formed on the robot hand 30, it becomes necessary to finish-grind,
from the diametrically outer side and from the diametrically inner
side, the curved surface 33a on the diametrically outer side and the
curved surface 33a on the diametrically inner side, respectively, of



substrate S is easily scratched. As a solution, in this embodiment,
the curved surface 33a is arranged to be ground such that a slight
flat surface 33b remains at a diametrically intermediate portion of
the upper surface of the raised band 33. According to this
arrangement, there will be formed no ridge line, thereby preventing
the substrate from getting scratched. [00341In addition, according to
this embodiment, the end surface of the raised bands 33 provided by
separating them into the base end portion 31, and a pair of finger
portions 32, 32, are respectively formed into inclined surfaces 33c
as shown in FIG. 7. In case the robot hand 30 is warped as shown by
an imaginary line in FIG. 7, the edge to be formed by the end surface
and the upper surface of each of the raised bands 33 will come into
point contact with the lower surface of the substrate S, thereby
giving rise to the possibility of scratching the lower surface of the
substrate S. However, if the end surface of each of the raised bands
33 is formed in inclined surface 33c, the angle to be formed by the
end surface and the upper surface of each of the raised bands 33 will
form an obtuse angle, so that the lower surface of the substrate S is
hardly scratched. The inclined surfaces 33c may alternatively be
formed into curved surfaces. [00351In the second embodiment the robot
hand 30 is not provided with the step 8 according to the first
embodiment. However, this kind of step may also be formed in the
robot hand 30. [Brief Description of the Drawings] [0036]FIG. 1 is a
schematic plan view showing a substrate processing apparatus provided
with a transfer robot; 



FIG. 2 is a plan view showing a robot hand according to the first
embodiment of this invention; FIG. 3 is an enlarged sectional view
taken along the linein FIG. 2; FIG. 4 is an enlarged sectional view
of an essential part of a modified  example of robot hand according
to the first embodiment of this invention; FIG. 5 is a plan view
showing a robot hand according to the second embodiment of this
invention;      FIG. 6 is an enlarged sectional view taken along the
line IV-IVin FIG. 5; and      FIG. 7 is an enlarged sectional view
taken along the line VI-VI in FIG. 5. [Description of Reference
Numerals and Characters] 



(00371 Ssubstrate Sa film 3, 30 robot hand 6 first seating surface
step 8a, 8b, Sc stage 8drounded surface 9second seating surface 



33raised band 33acurved surface 33bflat surface 33cinclined surface
WHAT IS CLAIMED IS: 1.A robot hand for substrate transfer in which
the robot hand is disposed on a substrate transfer robot to support a
substrate in a state of being placed on the robot hand, the robot
hand comprising:       a first seating surface on which a
lower-surface peripheral portion of the substrate is seated, the
first seating surface being provided on an upper surface of the robot
hand and having an upward step formed on a periphery thereof; 



a second seating surface which is inclined downward toward a center
of the substrate, the second seating surface being provided on an
upper surface portion, away from the peripheral portion of the
substrate, of the robot hand such that the lower surface of the
substrate is seated on the second seating surface when the substrate
is warped downward into a concave shape,    wherein the step is
provided with a plurality of stair-shaped stages, and wherein those
portions of the stages which come into contact with a peripheral edge
of the substrate are formed into rounded surfaces. 


