SPECIFICATION
METHOD OF CONTROLLING TRANSFER ROBOT

[Technical Field]

[0001] The present invention relates to a method of controlling a
transfer robot which is disposed in a processing apparatus,

[Background Art)

[0002] As an apparatus for performing various processing operations on
a substrate, such as a film-forming operation, an etching operation, and the
like, there is conventionally known an apparatus (so-called cluster tool
apparatus) in which: as ghown in FIG. 1, a plurality of load lock chambers A,
B and a plurality of processing chambers C through F are disposed so as to
enclose a central transfer chambex T in which is disposed a transfer robot 1;
and a substrate S charged or fed into the load lock chamber A, B is
transferred to the processing chambera C through F or among the
processing chambers C through F by the transfer robot 1.

[0003] In this kind of apparatus, it is known that the state for the
tranafey robot to wait for a substrate to finish processing operation (so-called
proceasing rate controlling} and the state for the transfer rohot to wait for
the substrate to be traneferrad out of the processing chamber (go-called
transfer rate controlling) have effects on the processing capacity
(thronghput) of the processing apparatus, If the arrangement of the
processing apparatus becomes complicated, the above-mentioned processing
rate controlling and the transfer rate controlling will occur at a plurality of
places. When the substrate is continuously processed, the total sum of the
transfer time and the processing time, when due attention is paid to each of
the substrates, are said to be the maximum processing capacity of the

processing apparatus.
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[0004] In order to improve the processing capacity of the processing
apparatus, like in the processing apparatus as shown in FIQ. 1, it is known
to use a transfer robot having two robot hands for supporting the substrates
(see, ¢.g., patent document 1), By using two robot hands, the transfer rate
controlling can be minimized.
[00085] In thia kind of processing apparatus, the transfer robot performs
a single action in accordance with a single command that is issued from a
host computer. In other words, in case a substrate that is present in one
\ proceseing chamber ie transferred to another processing chamber, the
transfer robot used to perform a plurality of actione in accordance with the
commands such as “pick,” “go to,” “place” and the like, Whenever each of
the actiona of the transfer robot is finished, communication used to be made
between the transfer robet and the host computer. Therefore, in the
conventional method of controlling a transfer robos, the number of
communication between the transfer robot and the host computer is large
and the transfer time becomes longer by the time that is required for the
communication. Therefore, there wae a problem in that the throughput is
lowered.
(Prior Art Document]
[Patent Document]
(0006]  Patent Document 1: JP-A-2007-291580 (FIG, 8)
[Summary of the Invention]
[Problems to be Solved by the Invention]
[0007] In view of the above-mentioned points, this invention has a
problem of providing & method of controlling a transfer robot in which the
communication time of a tranafer robot can be reduced and in which the
tranefer time of the substrate can be shortened.
[Means for Solving the Problems]

fooos] In-order to solve the above problems, this invention is a method



of controlling a transfer robot which is turned and telescopically moved on a
same plane in a state in which a substrate to be processed (hereinafter
reforred to as a to-be-processed substrate) is supported by a robot hand so es
to transfer the substrate among a plurality of processing chambers disposed
in a turning direction of the transfer robot. The method comprises
performing by a single command a series of actions of the tranafer robot at &
time of transferring the subsirate present in one proceasing chamber to a
predefermined position in another processing chamber.

(0009] According to this invention, a series of actions of the transfer
robot at the time of transferring the substrate that is present in one
processing chamber to a predetermined position in another processing
chamber are performed not by a plurality of commands but by a single
command. Therefore, as compared with an exarople in which the series of
actions of the transfer robot are controlled by a plurality of commeands, the
communication time of the transfer robot can be reduced. As a result, the
time of transferring the substrate can be shortened.

[001.0] Preferably, the transfer robot has two robot hands disposed at a
predetermined distance from each other in the turning direction of the
transfer robot. There can be performed by the above-mentioned gingle
command 2 swapping action in which, after taking out the substrate present
in the said one processing chamber by means of one of the two robot hands,
a substrats different from the substrate that was taken out is handed aver
by the other of the two robot hands to a predetermined position in the said
ohe processing chamber.

[0011] In this invention, preferably, the transfer robot ia controlled such
that the telescopic action and the turning action of the transfer robot are
locally eynthesized before and after & switching point at which the telescopic
action and the turning action of the tyansfor robot are switched o each other.

According to this arrangement, it becomes unnecessary to stop the transfer



robot at the switching point. Therefore, as compared with the case in
which the transfer rohot is stopped at the switching point, the time can be
shortened for the transfer robot to get accelerated and decelerated. In
combination with the raduction in the above-mentioned time of
communication by the transfer robot, the time for transferring the substrate
can further be shortened.
[0012] In this invention, preferably, the presence or absence of a
substrate on the robat hand is detested during a series of actions of the
transfer robot and, based on the results of the detection, operation is made
of parts disposed in a transfer passage that is used in transferring the
substrate present in said one of the processing chambers to said anothsr
proceseing chamber. According to this arrangement, even at the time of
transferring the substrate that is present. in one of the processing chambers
to another processing chamber, the substrate can be transferred safely and
gurely.
[0013] As the above-mentioned parts, at least one of the following may
be included, i.e.’ an igolation valve which separates the processing chamber
from a transfer chamber in which the transfer robot is disposed; a lift pin
which is moved up and down when a substrate is handed over between the
transfer robot and a substrate stage disposed in the processing chamber;
and a shield which forme a protection wall in the processing chamber. In
case the above-mentioned swapping action is performed by a single
command, by closing the isolation valve after having handed over the
substrate to one of the processing chambers, the processing of the substrate
in the said one processing chamber can be startad.
[Brief Description of the Drawings]
[0014]

FIGS. 1(A) and 1(B) are plan view and sectional view, respectively,

schematically showing a processing apparatus which is provided with a



transfer robot.

FIGS, 2(A) through 2(J) are plan views showing a series of actions to
ba performed by a single command according to this embodiment.

FIG. 3 is a table showing the actions of the transfer robot 1 shown in
FIGS. 2(A) through 2(J) for each of the ateps.

FIG. 4 is a timing chart when an isolation valve is closed subject to the
completion of a series of actions,

FIG. b is a timing chart when the isolation valve is closed without
waiting for the completion of a series of actions.

FIG. 6 is a timing chart when the isolation valve is closed without
weiting for the completion of a series of actions.

FIG. 7 is a plan view to explain a case in which the transfer robot 1 is
controlled so that the telescopic action and the turning action of a robot
hand 12 are locally synthesized. '

[Embodiments for Carrying Out the Invention]

f0015] A description will now be made of an embodiment in which this
invention is applied to the processing apparatus as shown in FIG. 1. In the
transfer chamber T of the processing apparatus, there is disposed the
transfer robot 1 having a known construction. Also disposed in the transfer
chamber T are detection means 2 which perform detecting actions of a
substrate S in the neighborhood of connecting points between the the
transfer chamher T and each of load lock chambers A, B and the processing
chambers C through F.  The tranefer chamber T and the load lock
chambera A, B and each of the processing chambers C through F are
partitioned or isolated by respsctive gate valves (igolation valves) 3. The
isolation valves 3 are to prevent the gas and the pressure inside each of the
processing chambers C through F from leaking into the transfer chambex T,
[0016] The load lock chambers A, B and each of the processing

chambers C through F are each provided with a substrate stage Cs which



performs receiving and handing over of the substrate S. Each of the
proceasing chambers C through ¥ is provided, where necessary, with a
shield (not illustrated) which forms a protection wall. This protection wall
has the function of an adhesion prevention plate which prevents the
reaction byproducts from getting adhered to the wall surfaces of the
proceasing chamber, or the function of preventing the dust from splashing
and the light and electromagnetic waves from leaking from sach of the
processing chambers C through F into the transfer chamber T. In addition,
various sensors and drive mechanisms which constitute the processing
apparatus such as the transfer robot 1, the detection means 2, the isolation
valve 8, and the like are connected {0 a host computer 4 that performs the
control of the entire procesging apparatus,

f0017] The articulated type of transfer robot 1 which is represented by
a flog leg type of robot is provided with a plurality of robot arms 11 as
operating parts, and motors 10 as drive means to drive each of the robot
arms 11 in a manner to be capable of turning, extending and contracting
(teleacopically moveable), and capable of moving up and down.

[0018] As shown in FIG, 1(B), rotary shafts 10a, 10b, 10c, 10d of each of
the motors 10 are coaxially disposed. The rotary shafts 10a, 10b have
connected thereto the robot arm 1la in a manner to form a link mechaniam,
and the rotary shafts 10¢, 10d have connected therato the robot arm 11bina
manner to form a link mechanism. At the front ends of these robot arma
1la, 11b there are disposed robot hands 12a, 12b respectively which support
the substrate S in a manner fo be mounted therson.

[0019] The robot hands 12a,12b are disposed so as to have a distance
from each other in the turning direction. By adequately controlling the
rotating angles and the rotating directionas of the rotary shafts 10a, 10b, the
robot hand 12a becomes telescopic and capable of turning. Independent of

this robot hand 12a, the robot hand 12b becomes telescopic and capable of
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turning by appropriately controlling the rotation angles and the directions
of rotation of the rotary shafts 10¢, 10d, Further, the robot hands 12a, 12b
are moveable up and down hy the control of motors (not illustrated).

[0020] In this embodiment, by means of the transfer robot 1, the
substrate S charged into, e.g., the load lock chamber A is transferred to the
processing chamber C, and the substrate S subjected to processing in the
processing chamber C is transferred to the processing chamber E, and the
subatrate S subjected to processing in the processing chamber E is then
returned to the load lock chamber A. Similarly, the substrate S charged
into the load lock chamber B is returned to the load lock chamber B after
having been sequentially subjected to processing in the processing chamber
D and the processing chamber F, respectively.

[0021] As the detection means 2, there are used, e.g., an optical sensor
having a known construction such as a laser sensor, an LED fiber sensor,
and the like, or a visual sensor such as a CCD camera and the like. In this
embodiment, a description will be made of an example in which g
translucent laser sensor made up of a laser projector 21 and a photo detector
22 are used as the detection sensor 2. An opague projector may also be
used as the optical sensor.

fooz2] A description will now be made of a method of controlling the
transfer robot 1. The feature of the control method of the transfex robot 1
according to this invention lieg in that a series of actiona of the transfer
robot are performed by a single command at the time of transferring a
subatrate present in one processing chamber to a predetermined position
(e.g., & substrate stage Cs) in another processing chambex.

{00231 With reference to FIGS. 2 and 8, a description will now be made
of an example in which a series of actions of the transfor robot 1 are .
performed by a single command at the time of transferring a substrate S2

present in the processing chamber C to a predetermined position of the

-------



pfocessing chamber E, FIG. 3 ig a table in which the actions of the tranafer
rbot 1 shown in FIGS, 2(4) through 2(J) are summarized for each of the
steps.

[0024] Here, the substrate S1 shown in FIG. 2 was transferred to the
pfbcessing chamber C earlier than the substrate S2 and, after having been
eubjected to the processing in the processing chamber C, was transferred to
the processing chamber E. The substrate S2 is the substrate that waa
transferred to the processing chamber C subsequent to the substrate S1,
and was gubjected to the processing in the processing chamber C.

Substrate S8 is a substrate that has not been processed yet {a
to-be-processed gubstrate) and that iz going to be transferred to the
processing chamber C after the substrate S2 has been taken out of the
processing chamber C. In other words, processing is performed in the
processing chamber C in the order of the substrate S1, the substrate ‘82, and
the substrate 83 and, thereafter, the processing is performed thexeon in the
processing chamber E, By the way, a downward or upward arrow
iltustrated on the left side of the center of rotation Cr of the motor in FIG. 2
shows the downward movement or the upward movement of the transfer
robot 1, respectively.

[0025] First, as shown in FIG. 2(A), in a state in which the robot hand
12b is extended to the substrate stage Cs (not illustrated), a single command
“exchange” is transmitted from the host computer 4 to the tranafer xobot 1.
The transfer robot 1 that has received the command “exchange” operates to
move upward the robot hand 12b so as to support by the robot hand 12b the
s@_:trate S2 that has finished the processing in the processing chamber C.
Tlien, the robot hand 12b is contracted to take the substrate S2 out of the
pféﬁceseing chamber C (step 1).

[0?:)261 Here, it i to be noted that the action for the command “pick”

thf%.,it wae employed in the conventional control has ajready been completed
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by the above-mentioned atep 1, but that a series of actions of the transfer
robot 1 corresponding to the abovermentioned command “exchange” have
not been completed yet. Therefore, at this point of time, the transfer vobot
1 will not generate an action completion signal.

(0027} It may be so arranged that the above'mentioned command
“exchange” is tranemitted from the host computer 4 to the transfer robot 1
in a etate in which. the front end of the rcbot hand 12h is directed toward the
processing chamber C and also in a contracted state.

[o028] Next, ini order to place the to-be-processed substrate S3 into the
processing chamber C, the robot hand 12a is turned, as shown in FIG. 2(B),
such that the front end of the robot hand 12a to supi)ort thereon the
substrate S3 points to the processing chamber C (step 2). Thereafter, aa
ghown in FIG, 2(C), the robot hand 12a that is supporting the substrate S8
is extended to the substrate stage Cs of the processing chamber C, and the
robot hand 122 is lowered, (step 3). As a result, the substrate S8 is
mounted on the substrate stage Cs in the processing chamber C,

- Subsequently, as shown in FIG. 2(D), the robot hand 12a is contracted (step
4.

{00291 Then, in order to take out the substrate S1 that has finished
processing in the processing chamber E, the robot hand 12a is turned o
th-at, as shown in FIG, 2(E), the front end of the robot hand 12a that is not
supporting the substrate points to the processing chamber E (step E).
[0030] Subsequently, as shown in FIG. 2(F), the robot hand 12a is
extended to the substrate stage Cs of the processing chamber E (step 6),
Then, as shown in FIG. 2(Q), the robot hand 12a is lified 8o that the
substrate 51 is supportad by the robot hand 12a, and then the robot hand
12a is contracted (step 7). According to this arrangement, the substrate S1
is taken out of the processing chamber E.

[0031] Thereafter, in order to place the substrate S2 into the processing



A

chamber E, ag shown in FIG. 2(H), the robot hand 12b ia turned so that the
front end of the robot hand 12b that is supporting the auhstrats S2 points to
the procesaing chamber E (step 8).

{oos2] Here, the action of the command “go to” that is used in the
conventional control has already been finished in the above-mentioned step
8, but the series of actions of the transfer robot 1 corresponding to the
above-mentioned command “exchange” have not been finished yet.
Therefore, the transfer robot 1 at this stage has not generated the action
completion signal yet,

[o033] Then, as shown in FIG. 2(1), the robot hand 12b is extended to _
the substrate stage Cs in the processing chamber E (step §). Thereafter, as
shown in FIG. 2(J), the robot hand 12b is lowered (atep 10). According to
this arrangement, the substrate S2 will be placed on the substrate stage Cs
in the processing chamber E. As a rssult of completion of etep 10, the
seriea of actions of the transfer robot 1 corresponding to the
above-mentioned command “exchange” will be finished, Therefore, the
transfer robot 1 will generate an action completion gignal and the generated
action completion signal is transmitted to the hoest computer 4.

[0034] In thie manner, according to this embodiment, a series of actions
by the transfer robot 1 at the {ime of transferring the substrate S2 that is
present in the processing chamber C to the substrate stage Cs in the
processing chamber E can be performed by a single command of “exchange.”
When the series of actions of the transfor robot 1 corresponding to this
command “exchangs” have been completed, the action completion signal is
transmitted from the transfer robot 1 to the host computer 4. Therefore, as
compared with the case in which these geries of actions are performed by a
plurality of commands, the number of communications between the transfer
robot 1 and the host computer 4 can be reduced, and the time of

communication between the transfer robot 1 and the host computer 4 can be
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largely reduced. The throughput of the processing apparatus can thus be
improved.

[0035] The above-mentioned series of actions include the swapping
action in the processing chamber C, i.e., the action of placing the
to-beprocessed substrate 83 into the processing chamber C by means of
another robot hand after having taken the subatrate 82 by the robot hand
12b out of the processing chamber C. It is not alv?aye necessary to place
the substrate S8 into the procossing chambex C. In other words, by
performing the series of actions by the transfer xobot 1 at the time of
transferring the substrate S2 that is present in the processing chamber C to
the substrate stage Ca in the processing chamber E, the above-mentioned
effects can be materialized.

foo3sl As described above, the border between the transfer chamber T
and each of the processing chambers C through F of the processing
apparatus is partitioned by the respective isolation valves 8. Therefore, at
the time of extending and contracting the robot hands 12a, 12b, the isolation
valves 3 muet be opened. On the other hand, after having contracted the
robot handa 121, 12b, the isolation valves 3 must be closed. In particular,
even if a to-be-processed substrate ia traneferred into the proces_sing
chambers C through F, the processing on this to*be'proceassd substrate
cannot be started unlesa the isclation valve 3 ia cloged.

fo037] In the conventional processing apparatus, whenever each of the
actions of the rebot hand to ba performed by a single command is finished,
the action completion signal used to be transmitted from the transfer xobot
to the host computer, or the host computer used to generate the action
cornpletion signal, The host computer that has received or generated the
action completion signal detects the presence or absence of a substrate on
the robot hand by means of the detection means, Based on the detection

result, after having confirmed that the transfer has been performed
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normally, the isglation valve used to be closed,

[0038] On the other hand, in this embodiment, a series of actions of the
transfer robot 1 are performed by a single command and, until the geries of
actions are finished, the action completion signal will not be generatad.
Therefors, when an isolation valve 8 is going to be closed in the same
manner ad in the conventional method, the presence or absence of the
substrate S on the robot hand 12a, 12b cannot be detected until the series of
actions have been completed and, therefore, the isolation valve 8 cannot be
closed. As a result, as shown in FIG. 4, the time from the insertion, into
the processing chamber C through F, of the to-be-processed substrate S fo
the closing of the isolation valve will be wasted (i.e., there will be time loss),
resulting in the possibility of lowering in the throughput of the processing
apparatus, .

(0039] As a solution, in this embodiment, it has been 80 arranged that
the presence or absence of the substrate S on the robot hand 12a, 12b can be
detected by the detection means 2 during the series of actions of the transfer
robot 1. For example, when the contraction action of the xobot hand 12a,
12b is finished, the presence or absence of the substrate S on the robot hand
12a, 12b can be detected. In detail, when the robot hand 12a, 12b has
finished the contraction action, there will be generated a signal to show that
the transfer robot 1 is in a state in which the presence or absence of the
substrate S can be detected based on the signal of an encoder of the motor
10 and the like, i.e,, a signal to show that the isolation valve 8 in the
processing chamber C through F is in a state of being closable, This
generated signal is transmitted to the hoat computer 4. Alternatively, this
signal may be generated by the host computer 4.

{00401 The host computer 4 that has received or generated this signal
detects the presence or absence of the substrate S on the robot hand 12a,

12b by the detection means 2 without waiting for the completion of the
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geries of actions of the transfer robot 1 and, based on the result of detection,
closes the isolation valve 3 between the processing chamber C through F
into which the substrate S has been transferred and the transfer chamber T.
[0041] According to this arrangement, the iaolation valve 3 can be
closed without waiting for the completion of the series of actions of the

transfor robot 1. ‘Therefore, the processing can be started earlier inside the

-processing chamber C through F into which the to-be-processed substrate S

has been transported. Consequently, as shown in FIG, 5, there is no time
loss from the time at which the to-be-processed substrats S is charged into
the processing chamber C through F to the time of closing the isolation
valve 3, whereby the throughput can be improved.

{0042] By eliminating the time logs from the time of charging the
substrate S to the time of closing the isolation valve 3, the time thus saved
may be allocated to the processing time. As a result, as shown in FIG, 6,
the processing having a long processing time in the processing chamber C
through F ean be performed without lowering the throughput,

[0043] In this embodiment, at the time of handing over the substrate 8
betweon the robot hand 12a, 12b and the substrate stage Cs in the

processing chamber C through F, the robot hand 12a, 12b is lifted or lowered.

It may alternatively be so arranged that a lift pin disposed in the substrate
atage Cs is lifted or lowered.

[0044] The parts such as the isolation valve 8, the lift pin, the shiald
and the like appropriately disposed in the processing chamber C through F
ave disposed in the transfor passage of the substrate S. They may
therefore be obstacles to the transforring of the substrate S,

Conventionally, the action of these parts that are disposed in the transfer
passage used to be performed at a timing in which each of the actions of the
transfer robot is finighed. In other words, the parts in the transfor passage

used to be acted at a timing in which the action completion signal is
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generated. As described above, according to this embodiment, there will be
generated no action completion signal until the series of actions have been
completed. ‘Therefore, the above-mentioned parts may be operated, like in
the timing of closing the isolation valve 8, by the time of completion of the
gerieg of actiona., According to this arrangement, the parts that may be
obstacles to the transfexring of the substrate S can surely be operated.
[0045]) As shown by a solid line L in FIG. 7, the transfer robot 1 may be
controlled such that the extension and contraction actions as well as the
turning action of the robot hand 12 are locally synthesized in the
neighborhood of the switching point P at which the extension and
contraction as well ag the turning action of the robot hand 12 are switched
(or changed over). As a result, the stopping of the transfer robot 1 at the
switching point P becomes unnecessary. As compared with the case in
which the transfer robot 1 makes a stop at the switching point P, the
transfer xobot 1 can shorten the time for acceleration and deceleration,
thereby shortening the time for transferring. Even in case the transfer
robot 1 does not make a stop at the switching point P, the presence or
absence of the substrate S on the robot hand 12 during the series of actions
of the transfer xobot 1 can be detected.
[Description of Reference Numerals and Characters]
[0046]

1 transfer robot

12 robot hand

3 detection means

S substrate

C,D,E,I' processing chambey

P ewitching (changeover) point
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WHAT IS CLAIMED IS:
1. A method of cantrolling a transfer reboi which is turned and

telescopical ly moved on a same plane in a state in which a to-be-processed
substrate is supported by a robot hand so as fo transfer the substrate among a
plurality of processing chambers disposed in a turning direction of the transfer
robot,

compr 1sing performing by a single command a series of actions of the transfer
robot at a time of transferring the substrate present in one processing chamber
to a predetermined position in another processing chamber,

' wherein the transfer robot has two robet hands disoosed at a predetermined
distance from each other in the turning direction of the transfer robot, and
vheréin. after suppérting a first subistrate by moving upward one robot

hand in the one processing chamber, the first substrate is taken

out of the one processing. chamber by contracting the one robot hand;

a second to-be-processed substrate fs_nl:a‘ced into the one processing chamber.
by turning extending and lowering the other robot hand: after
sontracting the other robot hand, the second substrate is supoorted

in the one processing chamber by turning, extending and moving uoward the other
robot hand: a third substrate is taken gut of the other processing
chamber by contracting the other robot handi.and the first substrate

is placed into the other processing chamber by turning extending and
lower ing the one robot hand., the sbove-mentioned swapping action being
performed by the single cbmmand.

2. The method of controlling a transfer robot according to elaim 1, wherein
the telescopic action and the turning action of the transfer robot are locally
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syhthesized before and atter a switching point at which the telescopic action and
the turning action of the transfer robot are switched to each other,

3. The method of controlling a transfer robot according to claim 1 or 2,
wherein the presence or absence of a substrate on the robot hand is dekected during
a series of actions of the transfer robot and, based on results of the detection,
operation {s made of parts disposed in a transfer passage that |ies in transferring
the substrate present in said one of the processing chambers to said another
processing chamber.

4. The method of controlling a transfer robot according to claim3, wherein
the parts include at [east one of an isolation valve which separates the processing
chamber from a transfer chamber in which the transfer robot is disposed, =2 lift
pifh which ts moved up and down when a substrate is handed over between the transfer
robot and a substrate stage disposed in the processing chamber, and 2 shield which
forms a protection wall in the processing chamber.
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