
SPECIFICATION TEACHING METHOD FOR TRANSFER ROBOT [Technical Field]
[00011The present invention relates to an inexpensive teaching method
for a transfer robot, the method utilizing such a sensor for
detecting the position of a substrate as is disposed in an existing
processing apparatus. [Background Art] [00021As an apparatus for
performing various processing operations such as film-forming
processing, etching processing, and the like on a substrate, there is
known the following processing apparatus (so-called cluster tool
apparatus). In other words, as shown in FIG. 1, a load lock chamber B
and a plurality of processing chambers C for the substrate S are
disposed in a manner to enclose a central transfer chamber A in which
is disposed a transfer robot 1. The substrate S that has been charged
into the load lock chamber B is transferred to each of the processing
chambers C or among the respective processing chambers C by the
transfer robot 1. [00031The transfer robot 1 is provided with a robot
arm 11, and a drive means for driving the robot arm 11 in a manner to
be capable of turning and telescopically moving (i.e., extended and
contracted) on the same plane. At a front end of the robot arm 11,
there is connected a robot hand 12 which is 



adapted to support the substrate S through a gear box G in a state in
which the substrate S is mounted in position thereon. The robot arm
11 and the robot hand 12 constitute an operating part of the transfer
robot. [00041In the above-mentioned transfer robot 1, it is
necessary: to appropriately hold by the robot hand 12 the substrate S
that is present in a predetermined position; to transfer the
substrate S to a target position (e.g., to a substrate stage Cs in
each of the processing chambers C); and to hand over the substrate S
to an appropriate position. For that purpose, there is  provided a
detection means 2 such as an optical sensor and the like on the
ceiling portion and the bottom portion at a border region between the
transfer chamber A and each of the processing chambers Cl through C3
(see FIG. 1(b)). (00051In case the substrate S is transferred by the
transfer robot from a predetermined position to the target position,
an arrangement is made: to confirm whether or not the substrate S is
supported by the robot hand 12 at a high accuracy; to perform the
operation of the robot arm 11 to the next position; to open or close
the gate valve that partitions each of the processing chambers; and
to perform the like operations. On the other hand, when a positional
deviation of the substrate S has been found, the operation of the
robot arm 11 is adjusted to compensate for the amount of the
positional deviation (see, e.g., patent document 1). [0006]In the
above-mentioned transfer robot, all the transfer actions have been
decided in advance by programs, and teaching is performed to teach
the programs the origin and the order (transfer action) of the
transfer actions of the transfer robot. It is so arranged that the
taught transfer actions are reproduced so that the transfer robot can
be operated. Therefore, at the time of disposing the transfer robot
to the processing apparatus or of replacing the robot arm or robot
hand for maintenance purpose, teaching used to be performed manually
at the position of handing over the substrate and the like. 



[0007]As the teaching method for the transfer robot, there are
generally known the following methods, i.e., a method (so-called
direct teaching) in which the robot arm or the robot hand is directly
held to teach the position of transferring the substrate and the
like, and a method (so-called remote teaching) in which the robot is
manipulated by a teaching box so that the position to serve as an
origin of transfer action is sequentially designated by operating the
robot.  [0008]However, in the conventional teaching, the operator
used to perform the teaching operation while visually confirming the
movement of the transfer robot, Therefore, there is a problem in that
fluctuations in accuracy are likely to occur from operator to
operator and consequently that the teaching of transfer actions lacks
in reliability. [Prior Art Document] [Patent Document] [0009]Patent
Document I: JP-A-2007-27378 [Summary of the Invention] 



[Problems to be Solved by the Invention] [oolo]In view of the
above-mentioned points, this invention has a problem of providing an
inexpensive teaching method for a transfer robot, in which method the
teaching can be made quickly at a high reliability. [Means for
Solving the Problems] [0011]In order to solve the above-mentioned
problems, according to this invention, there is provided a teaching
method for a transfer robot, in which teaching to the transfer robot
is made of transfer actions of the transfer robot adapted to perform
turning and telescopic actions on the same plane in a state of
supporting a to-be-processed substrate which is processed among a
plurality of processing chambers, The method comprises: detecting at
least one index part provided in advance on an operating part of the
transfer robot, the detection being made, while subjecting the
transfer robot to transfer actions, by using at least one detection
means disposed so as to detect the substrate at a time of
transferring the substrate among the processing chambers;
andteaching, from this detection position of the index part, a
reference position which serves as an origin of at least one of the
turning action and the telescopic action. [0012]According to this
invention, the following arrangement has been  made. In a processing
apparatus in which a plurality of processing chambers are disposed
around the transfer chamber in order to perform therein various
processing operations, at the time of transferring the substrate by
the transfer robot in the transfer chamber, the operating part of the
transfer robot is detected when it crosses the detection means
disposed to detect the substrate position. In view of the above
point, this detection means is utilized in teaching the transfer
action of the transfer robot to the transfer robot. In other words,
for example, based on the design dimensions or on the action region
of the operating part of the transfer robot, an index part is
provided in advance, out of the entire operating parts, at a position
which can serve as an origin at the time of telescopic action of; or
turning action of, the transfer robot, the position being also
capable of detection by the detection means. Then, at the time of
teaching the transfer action, the operating part is turned or
telescopically moved either manually or automatically to thereby
cause the index part to be detected by the detection means. From this
detection position, teaching is now made of the reference position
which serves as the origin of at least one of the turning and
telescopic actions. 



[00131As described, according to this invention, by making use of the
existing detection means that is disposed in the processing
apparatus, teaching is made of the transfer action of the transfer
robot while detecting the operating part. Therefore, fluctuations in
accuracy from one operator to another operator hardly occur, whereby
the work of teaching can be performed simply and quickly. In
addition, without bringing about an increase in the number of
constituent parts, the reduction in cost can be attained. Further,
since the teaching of transfer action is performed by using the
detection means, teaching can still be performed under the vacuum
atmosphere of the vacuum chamber. Still furthermore, in case
initializing operation is performed at the time of starting up the
transfer  robot, the soundness of the transfer robot can also be
judged if judgment is made as to whether the index parts of the
transfer robot are sequentially detected by the detection means.
[00141In this invention, in case the detection means is an optical
sensor disposed so as to project light in a direction perpendicular
to the plane, the instruction part is preferably constituted by at
least one through hole formed in the operating part. The index part
can thus be materialized in a simple arrangement. [00151In this case,
if the transfer robot is arranged to be moved for scanning around the
through hole, the center of the through hole can be more accurately
identified and thus teaching of higher accuracy becomes possible.
[0016]If, e.g., a robot hand is replaced at the time of maintenance, 



there is a case in which the robot hand is assembled in a state of
being inclined in the turning direction relative to the gear box. In
such a state, even if teaching is made of the reference position of
the transfer robot in the above-mentioned method, there is a
possibility that the robot hand will give rise to a positional
deviation at a target position. As a solution, preferably, prior to
the teaching of the origin, at least two index parts are detected by
the detection means, and a deviation in the direction of the
telescopic action or the turning action is corrected, at the time of
having assembled the operating part of the transfer robot, based on a
predetermined comparison value. The comparison value can be prepared
through computation of the design dimensions of the transfer robot or
the data at the time of previous teaching. [0017]In this invention,
there may be employed an arrangement in Which the substrate is
supported by the transfer robot and in which, in place of the
operating part or in addition to the operating part, the index part
is formed in the substrate.  [Brief Description of the Drawings]
[00181     FIGS. 1(a) and (b) are plan view and sectional view
showing a processing apparatus provided with a transfer robot, FIG. 2
is a plan view showing a robot hand according to an embodiment of
this invention. 



PIG. 3(a) is a schematic plan view to explain the teaching of a
transfer robot and FIG. 3(b) is a plan view to explain the detection
of through holes as index parts.     FIG. 4 is another schematic plan
view to explain the teaching of a transfer robot. [Embodiments for
Carrying Out the Invention] [00191Description will now be made of an
embodiment in which this invention is applied to a processing
apparatus as shown in FIG. 1. In other words, the transfer chamber A
is provided with the transfer robot 1 having a known construction,
and is further provided with detection means 2 in the neighborhood of
the portions of connection to a load lock chamber B and to each of
the processing chambers Cl through C3, [0020]As the detection means
2, there are used an optical sensor such, e.g., as a laser sensor, an
LED fiber sensor and the like, and a visual sensor such as a CCD
camera, all having a known construction. A description will be made
of the following example. In this embodiment, the detection sensor 2
is disposed: such that light is projected vertically toward the
transfer robot 1 which is driven so as to be capable of turning and
telescopically moveable on the same plane (horizontal plane); and
also such that the detection sensor 2 is positioned on the line L1
that connects the center of rotation of a motor (to be described
hereinafter) of the transfer robot 1 and the center Ca of the
substrate stage Cs in the load lock chamber B and in each of the
processing chambers Cl through C3, The detection  sensor 2 uses a
translucent type of detection sensor 2 made up of a projector 21 and
a photo-detector 22. As the optical sensor, there may be used a
reflection type. 



[0021]With reference to FIG. 2, the transfer robot 1 has two motors
as driving means (not illustrated), and control means (not
illustrated) which controls the operation of the motors. A rotary
shaft 10a, 10b of each of the motors is disposed concentrically with
each other, and each of the rotary shafts 10a, 10b has connected
thereto a robot arm 11 so as to form a link mechanism. At a front end
of the robot arm, there is mounted a robot hand 12 through a gear box
G. According to this arrangement, by appropriately controlling the
angle of rotation and the direction of rotation of the rotary shaft
10a, 10b of each of the motors, the robot arm 11 becomes
telescopically moveable and/or capable of turning. The robot arm 11
and the robot hand 12 constitute the operating parts of this
invention. (0022]The robot arm 11 and the robot hand 12 are formed of
a material having heat resistivity such as a plate material of Al202,
Si02, SiC and the like since there are cases where the substrate S is
heated to a high temperature in the processing chamber C. The robot
hand 12 has a pair of finger portions 14 which are bifurcated and
elongated forward from a base end portion 13 that is connected to the
robot arm 11. At the base end portion 13 and at front end portions of
both the finger portions 14, there are provided seating surfaces 15
on which the peripherally outer portion of the bottom surface of the
substrate S can be seated after alignment at three positions. The
substrate S can thus be supported in such a manner that the bottom
surface other than the peripherally outer portion of the substrate S
is kept lifted off out of contact with the robot hand 12. [0023]After
having supported the substrate S by the robot hand 12, the robot arm
11 is telescopically moved or turned so that the substrate S charged
into the load lock chamber B is transferred to any one of the
processing chambers Cl through 03 or among each of the processing
chambers Cl through C3. At the time of transferring the substrate S
from a predetermined position to a target position, confirmation is
made by any one of the detection means 2 to see whether or not the
substrate S is being held at a high accuracy by the robot hand 12. 



[0024]A description will now be made of an example in which the
substrate S is transferred by the transfer robot 1 from the first
processing chamber Cl to the second processing chamber 02. From a
standby position (a predetermined position capable of turning) in
which the robot arm 11 is contracted and in which the front ends of
the finger portions 14 are directed toward the first processing
chamber Cl, the robot arm 11 is extended to the substrate stage Cs
(target position) inside the first pro. ceasing chamber Cl to thereby
receive the substrate S. The robot arm 11 is then contracted and is
returned to the standby position. Then, the robot arm 11 is turned to
the position in which the front ends of the finger portions 15 are
directed toward the second processing chamber 02. Then, the robot arm
11 is extended once again to hand over the substrate S (to become the
next target position) to the substrate stage Cs in the second
processing chamber C2, and returns to the standby position. [0025]In
order to teach the above-mentioned transfer actions, teaching of the
transfer robot 1 is performed when the transfer robot 1 is assembled
to the processing apparatus, or when the robot arm 11 or the robot
hand 12 is removed or replaced for the purpose of maintenance. Then,
the transfer actions 1 are stored in the control means (not
illustrated) which control the operations of the transfer robot 1. It
may be so arranged that the control means also performs an overall
(or central) control of the operations of the detection means 2 and
the operations of the constituent parts such as gate valves and the
like that are disposed in the processing apparatus. [0026]In case the
substrate S is sequentially transferred among each of  the processing
chambers Cl through C3 by using the processing apparatus to perform
predetermined processing operations, the above-mentioned transfer
actions are reproduced in accordance with the transfer actions as
stored in memory, and the transfer robot 1 is operated. At this time,
the robot arm 13. and the robot hand 12 will give rise to portions
which respectively cross the detection positions 2a, 2b (crossing
portions) of each of the detection means 2. [00271Therefore, in this
embodiment, the robot hand 12 has formed therein in advance at least
one index part in a manner to correspond to the crossing portions.
While detecting this index part by the detection means 2, the
teaching of the transfer robot 1 is arranged to be performed without
relying on the visual confirmation by an operator. A description will
hereinafter be made of a concrete teaching method of the transfer
robot 1 according to this embodiment. 



(0028]The index part may be formed, e.g., in the following way. In a
predetermined position of the base end portion 13 of the robot hand
12, there is formed a through hole 16 which is circular in plan view
and which has a diameter larger than the diameter of the laser beam
of the detection means 2, so that the through hole 16 is located on
the center line L2 that passes through the center Sa of the substrate
S and the center of rotation Cr of the rotary shafts 10a, 10b of the
motors when the substrate S is appropriately supported by the robot
hand 12 (see FIG. 2). [0029)The through hole 16 may be fabricated at
the time of manufacturing the robot hand 12 based on detailed
specification about the position of the detection means 2 in the
processing apparatus, design dimensions of the transfer robot 1, and
the region of movements of the operating parts. Regarding the
diameter and the shape of the through hole 16, without being limited
to the above example, anything will do as long as such quantity of
light can be obtained as will be sufficient for the photo  detector
22 to stably receive light from the light projector 21. Further, in
case a reflection type of detection means is employed, a member to
reflect the light may be disposed in a predetermined position within
a range equivalent to the area of the above-mentioned through hole.
In addition, in case of a visual sensor, a mark may be attached to
the visual sensor. [0030]A description will now be made of an example
in which a transfer robot having a robot hand 12 provided with the
above-mentioned index part is used to perform the teaching of
transfer actions of the substrate S from the first processing chamber
Cl to the second processing chamber C2. First, the origin of the
telescopic action is specified relative to the processing chamber Cl.
In this case, from the standby position (see FIG. 1(a)) of the
transfer robot 1 in which the front end of the finger portion 14 is
directed toward the first processing chamber Cl, the robot arm 11 is
extended by rotating the rotary shafts 10a, 10b so as to search for
the position in which the through hole 16 is detected by the
detection means 2. [0031]At the beginning of extending the robot arm
11, since the light 



from the projector 21 will not be shielded by the robot hand 12, the
signal of the detection means 2 is in a state of being switched ON.
When the robot arm 11 is further extended so that the light from the
projector 21 is shielded by the base end portion 13 of the robot hand
12, the signal of the detection means 2 will be in a state of being
switched OFF. In this state the rotary shafts 10a, 10b are rotated to
perform turning and/or extending and contracting of the robot hand
12, thereby finding out the position in which the signal of the
detection means 2 becomes the state of being switched ON (see FIG.
3(a)). [0032]When the through hole 16 has been detected as a result
of the signal of the detection means 2 having been switched ON, the
robot arm 11 is moved for scanning in the X-axis direction and in the
Y-axis direction, respectively (see FIG. 3(b)). At this time, the
signal of the detection means  2 is switched ON or OFF and, from the
period of switching thereof, the center coordinates of the through
hole 16 are identified (see FIG. 4). In case the center coordinates
of the through hole 16 have been. identified by the detection means
2, the center line L2 can be seen to be positioned on the line Ll
(see FIG. 1) that connects the center of rotation Cr of the rotary
shafts 10a, 10b of the motors and the center Ca of the substrate
stages Cs in the load lock chamber B and each of the processing
chambers Cl through 03. The robot hand 12 can thus be aligned
accurately relative to the processing chamber Cl. From this state,
the robot arm 11 is contracted along the same line to return it to
the standby position. This position is taught to the control means as
a first reference position that serves to be an origin for turning or
telescopic action. The turning or telescopic action of the robot arm
11 and the robot hand. 12 may alternatively be performed manually.
[0033] From the distance between the center of rotation Cr of the
motors 10a, 10b and the center Ca of the substrate stage Cs in the
processing chamber Cl, computation is made of the length of extension
of the robot arm 11, and teaching is made of the position for
receiving and handing over the substrate S on the substrate stage Cs.
According to the above-mentioned arrangement, teaching to the
transfer robot 1 relating to the processing chamber Cl is finished.
Accordingly, it becomes possible to receive and hand over the
substrate S to and from the substrate stage Cs in a state in which
the center Sa of the substrate S is coincident with the center Ca of
the substrate stage Cs, [0034]After having returned the robot arm 11
to the standby position, 



the robot arm 11 is turned from the position in which the front end
of the finger portion 14 is directed to the processing chamber Cl to
the position in which the front end of the finger portion 14 is
directed to the second processing chamber C2 (see FIG. 4). Then, in
the procedures similar to those as described above, the second
position which serves as the origin of  operation of the transfer
robot 1 is specified.By repeating the above-mentioned procedures,
teaching is made of the reference positions which serve as the
origins for turning or telescopic actions relative to the load lock
chamber B and all of the processing chambers Cl through CS.
[0036]According to the above-mentioned embodiment, by making use of
the existing detection means 2 disposed in the processing apparatus,
teaching is made of the transfer actions of the transfer robot 1.
Therefore, fluctuations in accuracy hardly take place from operator
to operator, and it becomes possible to simply and quickly perform
the teaching operation. In addition, without incurring an increase in
the number of constituent parts, an attempt can be made to reduce the
cost. [0036]In addition, since the teaching of the transfer actions
is performed by using the detection means 2, there are cases in which
teaching is possible in each of the processing chambers Cl through C3
that are under .vacuum atmosphere. Furthermore, if judgment is made
as to whether the index part 16 is detected by the detection means 2
when initializing action is performed at the starting up of the
transfer robot 1, the soundness of the transfer robot 1 can also be
judged. [0037]In the above-mentioned processing apparatus, an
arrangement has been made that load lock chamber B and the transfer
chambers Cl through 03 are disposed while deviating by 90 degrees
around the transfer chamber A. Therefore, it is also possible to
perform the teaching of the transfer robot 1 relative to the other
load lock chamber B and the transfer chambers Cl through 03 based on
the design values thereof by using the coordinates at the position
which serves as the origin of the transfer robot 1 that has received
teaching in any one of the load lock chamber B and the transfer
chambers Cl through C3, as described above. According to this
arrangement, the center of the through hole 16 can be searched
quickly to the advantage of simplification of the teaching work.
Further, when 



teaching is performed by assembling the transfer robot 1 to another
apparatus having similar construction, the teaching of the transfer
robot 1 may alternatively be performed by using the above-mentioned
coordinates.  [0038] In the above-mentioned embodiment, a description
was made of an example in which a detection means is attached to an
ordinary processing apparatus. However, without being limited
thereto, the teaching method of this invention can be applied if the
position of the index part is appropriately changed depending on the
position of mounting the detection means. Further, in performing the
teaching of the transfer actions, it may be so arranged that the
substrate S is supported by the transfer robot 1 and that, in place
of the robot arm 11 and the robot hand 12, or in addition thereto,
through holes may be formed in the substrate S or notches may be
formed on the peripheral portion of the substrate to thereby make
them serve as index parts. [0089]In this embodiment, a description
was made of an example in which one through hole 16 was formed in the
base end portion 13 and in which this through hole 16 was detected to
perform teaching of the transfer actions. It is to be noted that the
index part may be formed in a plurality of pieces. In other words, in
case the robot arm 11 is turned from the standby position thereof,
the position portion of the finger portion 14 comes to cross the
detection means 2 (see FIG. 4). In such a case, based on the design
values and the like of the processing apparatus, that part of the
finger portion 14 which crosses the detection means 2 has formed
therein a circular, as seen in plan view, through hole (another index
part) 17 which is larger in diameter than the laser beam diameter of
the detection means 2. Then, after having performed teaching of the
reference position as described above, judgment is made as to whether
said another index part 17 is detected or not when the robot arm 11
is rotated. [0040]When the robot hand 12 has been removed for
maintenance or  has been replaced, the robot hand 12 will sometimes
be deviated so as to be inclined from the center line Ll. However,
according to the above-mentioned arrangement, if teaching is
performed by specifying the two positions of the index parts 16, 17,
the inclination can be corrected and the transfer actions can be
taught, whereby a high-accuracy teaching becomes possible. On the
other hand, when the inclination of the robot hand 12 is corrected,
the coordinate value at which the through hole 17 as said another
index part is detected, is stored in the control means in advance as
a comparative value. After completion of the maintenance and prior to
the teaching, the coordinate data at which both the through holes 17
are detected by the detection means 2 is obtained. It is thus
possible to correct the inclination of the robot hand 12 by comparing
this coordinate value and the comparison value. [0041]Further, in
case the robot hand 12 is provided with a pair of finger portions 14
that are bifurcated into a fork from the base end portion 13 so as to
be elongated forward, the robot arm 11 may be turned, and both the
finger portions are respectively detected by the detection means 2,
to thereby specify the center line L2, In other words, when the robot
arm 11 is turned, the finger portion 14 that lies on the front side
of the turning direction crosses the detection means 2. At this time
the signal of the detection means 2 will be switched from OFF to ON
and will then be switched to OFF after a lapse of a predetermined
time. When the finger portion 14 that lies on the rear side of the
turning direction subsequently crosses the detection means 2, the



part. [0042]In the above-mentioned embodiment a description has been
made of an example in which the robot arm 11 is telescopically
moveable and/or is capable of turning by appropriately controlling
the rotation angle and rotation direction of those rotary shafts 10a,
10b of the motors which are disposed in a coaxial relationship with
each other. This invention can however be applicable to other
articulated robots. In such a case, if the robot hand can be moved
horizontally in a direction perpendicular to the direction of
telescopic movement of the robot hand, teaching may be made by
forming two index parts at an equal distance from each other on both
sides of the line orthogonal to the line that connects the center of
rotation of the driving source to be disposed in the transfer chamber
A and the center Ca of the substrate stage Cs in each of the
processing chambers Cl through C3. [Description of Reference Numerals
and Characters] [0043] 11robot arm 12robot hand 16, 17 through hole
(index part) 



2detection means 2a, 2b detection position Ssubstrate A load lock
chamber Btransfer chamber Cprocessing chamber Cssubstrate stage  WHAT
IS CLAIMED IS: 



1. A teaching method for a transfer robot, in which teaching to the
transfer robot is made of transfer actions of the transfer robot
adapted to perform turning and telescopic actions on a same plane in
a state of supporting a to-be-processed substrate which is processed
among a plurality of processing chambers, the method comprising:
detecting at least one index part provided, in advance on an
operating part of the transfer robot, the detection being made, while
subjecting the transfer robot to transfer actions, by using at least
one detection means disposed so as to detect the substrate at a time
of transferring the substrate among the processing chambers; and
teaching, from this detection position of the index part, a reference
position which serves as an origin of at least one of the turning
action and the telescopic action.     2. The teaching method
according to claim 1, wherein, in case the detection means is an
optical sensor disposed so as to project light in a direction
perpendicular to the plane, the index part is constituted by at least
one through hole formed in the operating part.     3. The teaching
method according to claim 2, wherein the transfer robot is arranged
to be moved for scanning around the through hole.     4. The teaching
method according to any one of claims 1 through 3, wherein, prior to
the teaching of the origin, at least two index parts are detected by
the detection means, and a deviation in the direction of the
telescopic action or the turning action is corrected, at the time of
having assembled the operating part of the transfer robot, based on a
predetermined comparison,      5. The teaching method according to
any one of claims 1 through 4, wherein the substrate is supported by
the transfer robot and wherein, in place of the operating part or in
addition to the operating part, the index part is formed in the
substrate. 




