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(57) ABSTRACT 
A substrate transfer system is used in an in-line ?lm depo 
sition system. The substrate transfer system is provided With 
an auxiliary vacuum chamber and a main vacuum chamber. 
The auxiliary vacuum chamber has a plurality of ?rst 
substrate cassettes. The main vacuum chamber is commu 
nicated With another vacuum chamber through Which car 
riers are transferred along a transport path. The main 
vacuum chamber has tWo robots and a plurality of second 
substrate cassettes arranged in parallel on Which the sub 
strates is placed. The second substrate cassettes are arranged 
betWeen the tWo robots. The substrates are disk-shaped 
substrates having center holes. The center holes are utilized 
as hook parts during a pickup operation. Thereby the method 
of mounting substrates in the holders of carriers etc. is 
improved Without changing the operating speed of the 
robots. Therefore the amount of substrates transported per 
unit time is increased and the processing capacity of the 
substrate processing system is enhanced. 
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FIG. 5A 
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FIG. 6 
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SUBSTRATE TRANSFER APPARATUS OF 
SUBSTRATE PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a substrate transfer 
apparatus of a substrate processing system, and more par 
ticularly, to a substrate transfer apparatus used in an inline 
?lm deposition system Which deposits a ?lm on a disk 
shaped substrate such as a magnetic disk or optical disk 
having a center hole. Further, this present invention relates 
to a technique for shortening a loading/unloading time to 
improve the throughput in ?lm deposition etc. When loading 
or unloading a substrate by the transfer operation in the 
substrate transfer apparatus. 

[0003] 2.Description of the Related Art 

[0004] Asubstrate transfer apparatus related to the present 
invention is disclosed in Japanese Unexamined Patent Pub 
lication (Kokai) No. 8-274142. This publication discloses an 
in-line ?lm deposition system. This ?lm deposition system 
includes a plurality of vacuum chambers functioning as ?lm 
deposition chambers and other processing chambers. The 
plurality of vacuum chambers is connected continuously in 
series in a ring. Due to this, a polygonal ring-shaped 
transport path is formed. In this transport path, a substrate 
rotation vacuum chamber including a rotational mechanism 
is provided at each of corners. FIG. 1 of this publication 
shoWs a substrate loader for loading an unprocessed sub 
strate from the outside to an in-line ?lm deposition system 
and a substrate unloader for unloading a processed substrate 
from the inside of the ?lm deposition system to the outside. 
The substrate loader mounts the substrate loaded into the 
?lm deposition system onto a carrier and moves it, for 
example, in the clockWise direction along the polygonal 
ring-shaped transport path to receive the necessary process 
ing in the individual vacuum chambers. After the processing 
is completed, the substrate is unloaded to the outside by the 
substrate unloader. 

[0005] The substrate loader and the substrate unloader are 
respectively provided With substrate transfer mechanisms 
and each of them functions as a substrate transfer apparatus. 

[0006] The “substrate transfer apparatus” means an appa 
ratus Which takes out tWo substrates from substrate cassettes 
carrying a plurality of (25 etc.) substrates and mounts the 
tWo substrates to the substrate holders provided on the 
carrier moving inside the chambers of the in-line ?lm 
deposition system, for example. In taking out and mounting 
the substrates according to the substrate transfer apparatus, 
for example, operations for picking up the substrates from 
the substrate cassettes, moving them, and mounting them 
onto holders are performed. The substrate transfer apparatus 
is provided With a robot having an arm for performing these 
operations. Further, in the above case, the substrate to be 
transferred is disk shaped and has a center hole. In trans 
ferring the substrate, the center hole is used as a hook portion 
When picking up the substrate. 

[0007] Next, a more detailed explanation Will be given 
about a conventional substrate transfer apparatus With ref 
erence to the ?gures. In this explanation, FIG. 6 to FIG. 9 
Will be referred. 
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[0008] FIG. 6 is a plane vieW of a substrate loader and a 
substrate unloader in the above in-line ?lm deposition 
system. This ?gure schematically shoWs the internal struc 
tures of the substrate loader and part of the transport path. 
The substrate loader 101 and substrate unloader 102 are 
connected to a vacuum chamber 100 forming the part of the 
transport path. FIG. 6 shoWs only the internal structure of 
the substrate loader 101. The substrate loading operation in 
the substrate loader 101 and the substrate unloading opera 
tion in the substrate unloader 102 are opposite to each other. 
In the folloWing paragraph, the transfer operation of a 
conventional typical substrate transfer apparatus Will be 
explained by describing the substrate loading operation of 
the substrate loader 101. 

[0009] The vacuum chamber 100 serving as part of the 
transport path is connected to vacuum chambers 103 pro 
vided at its both sides and is connected through these 
vacuum chambers 103 to vacuum chambers 104 forming the 
polygonal ring-shaped transport path. Valve gates 105 are 
provided betWeen the vacuum chamber 100 and the vacuum 
chambers 103. Processing for ?lm deposition is performed 
in the plurality of vacuum chambers 103 forming parts of the 
transport path. Reference numeral 106 indicates a carrier 
moving along the transport path for carrying or transporting 
the substrates. The carrier 106 moves in the direction of the 
arroWs 107. The vacuum chambers 103 are positioned at 
corners or bent portions of the polygonal transport path. 
Rotational mechanisms are built inside the vacuum cham 
bers 103. Due to the rotational mechanisms, the direction of 
movement of the carrier 106 moving along the transport path 
is changed. Examples of the speci?c structures of the 
rotational mechanisms of the vacuum chambers 103 and 
polygonal transport path are disclosed in the above Japanese 
Unexamined Patent Publication (Kokai) No. 8-274142, for 
example. A detailed explanation Will be omitted here. 

[0010] The substrate loader 101 connected to the vacuum 
chamber 100 is comprised of one vacuum chamber 108 and 
tWo auxiliary vacuum chambers 109 and 110. The vacuum 
chamber 108 is connected to the above vacuum chamber 100 
and includes a built-in robot 111 for the substrate loading 
operation. The auxiliary vacuum chambers 109 and 110 are 
connected to the vacuum chamber 108 through gate valves 
112 and 113. In FIG. 6, the gate valve 112 is in the open 
state, While the gate valve 113 is in the closed state. The 
auxiliary vacuum chambers 109 and 110 are provided With 
loading doors, that is, gate valves 114 and 115, connected to 
the outside. The unprocessed substrates are introduced into 
the auxiliary vacuum chambers 109 and 110 through the gate 
valves 114 and 115. The auxiliary vacuum chambers 109 and 
110 are provided With substrate cassettes 117 each carrying, 
for example, 25 substrates 116 arranged in a single roW in a 
standing state in parallel With center axes aligned. The 
substrate cassettes 117 are af?xed inside the auxiliary 
vacuum chambers 109 and 110. Only the substrates are 
introduced into the auxiliary vacuum chambers 109 and 110. 
At the auxiliary vacuum chambers 109 and 110, ?rst, the 
inside and outside pressures are adjusted, and the gate valves 
114 and 115 are operated to open the chambers to the 
atmosphere. AfterWard, 25 unprocessed substrates are intro 
duced, the gate valves 114 and 115 are closed and the 
chambers is evacuated, and the gate valves 112 and 113 are 
opened to transfer the substrates by the robot 111. These 
operations are repeated. The auxiliary vacuum chambers 
109 and 110 are alternately used. The robot 111 moves as 



US 2001/0010204 A1 

shown by the arrows 120 to pick up two substrates 116 from 
the substrate cassette 117 by the substrate pickup portion 119 
formed at the front end of the front arm 18. Then it rotates 
as shown by the arrows 121 and moves the front arm 118 as 
shown by the arrows 122 to mount the two substrates 116 at 
predetermined locations of the holders of the carrier 106. 

[0011] In the above, the auxiliary vacuum chambers 109 
and 110, the vacuum chamber 100 forming the part of the 
transport path, and the vacuum chamber 108 provided with 
the robot 111 are evacuated up to a required vacuum level at 
desirable timings. The evacuation system is provided below 
the vacuum chamber. Here, the illustration and explanation 
of the evacuation system will be omitted since it is well 
known. 

[0012] FIG. 7 shows an example of the substrate cassette 
117. The substrate cassette 117 is comprised of four rods 130 
arranged substantially in parallel. The four rods 130 are 
connected by end frames so that both ends thereof satis?es 
the positional relationship shown in FIG. 7. In FIG. 7, for 
convenience of the explanation, the illustration of the end 
frames is omitted. The substrate cassette 117 con?gured by 
the four rods 130 is in a state that at least the front end 
thereof in FIG. 7 is opened. A total of 25 grooves (not 
shown) are formed at predetermined equal intervals (for 
example, d) in the axial direction at least at locations inside 
the circumferential surfaces of the four rods 130. These 
grooves support the substrates 116. Due to this, the 25 
substrates 116 are supported by the four rods 130, that is, the 
substrate cassette 117. The four rods 130 are placed in a 
positional relationship with the substrates 116 so as to 
support the substrates at the bottom halves. Therefore, in the 
substrate cassette 117, 25 substrates 116 are arranged at 
equal intervals of d in parallel and in a single row. Note that 
the substrates 116 are disk-shaped substrates such as mag 
netic disks or optical disks having center holes 116a. In 
present invention, the center holes 116a are used as hook 
parts, so each of the substrates 116 is required to have the 
center hole 116a. The substrates 116 carried in a substrate 
cassette 117 in this way are picked up by the robot 111 two 
at a time. The front end of the front arm 118 of the robot 111 
is formed with two grooves 131 at an interval d. The 
substrates 116 are picked up by these grooves 131. The 
grooves 131 form the above pickup portion 119. 

[0013] The appearance of the robot 111 is shown in FIG. 
8. The robot 111 is provided with a rotating shaft 142 on a 
base 141. A base arm 143 is af?xed on the top end of the 
rotating shaft 142. The base arm 143 is structured to rotate 
freely around the rotating shaft 142. The outside end of the 
base arm 143 has an intermediate arm 144 attached to it in 
a freely rotating manner. Further, the front arm 118 is 
provided to freely rotate at the outside end of the interme 
diate arm 144. The front arm 118, strictly speaking, is 
formed with a large base portion (118a) having a high 
strength. The front portion is formed as a thin or narrow 
portion (118b) able to be inserted into the center hole 116a 
of the substrate 116. At the top surface of the front end of the 
front arm 118 is formed the above pickup portion 119 (two 
grooves 131). The pickup portion 119 of the front arm 118 
is made to move freely as shown by the arrows 120 and 121 
based on the operation of the robot 111. 

[0014] The carrier 106 is shown in FIG. 9. The carrier 106 
is comprised of two holders 151 for carrying substrates 116 
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and a slider 152 provided with these holders. The carrier 106 
has a plate-like shape overall and is used in a longitudinally 
standing state. The two holders 151 are each formed with 
circular holes 151a. The substrates 116 are attached to the 
holes 151a in the standing state. The holes 151a are provided 
with ?nger-like spring members (not shown) for holding 
down the substrates, for example. Under the slider 152 are 
alternately arranged N-pole and S-pole magnets 153. As 
shown by the arrow 107 the slider 152 is moved by the 
rotation drive mechanism using magnetic coupling provided 
under the bottom plate of the vacuum chamber 100. 

[0015] Next, an explanation about the operation for load 
ing substrates by the conventional substrate loader 101 
having the above con?guration will be made by referring to 
FIG. 6 to FIG. 9. 

[0016] FIG. 6 shows the state where the auxiliary vacuum 
chamber 109 is evacuated to a required vacuum pressure in 
the state that the 25 substrates 116 are set in the substrate 
cassette 117 of the auxiliary vacuum chamber 109, the gate 
valve 112 is opened, and two substrates 116 are picked up 
from the substrate cassette 117 in the auxiliary vacuum 
chamber 109 and successively mounted to the two holders 
151 of carriers 106 moving in the vacuum chamber 100. The 
robot 111 simultaneously takes out two substrates 116 from 
the substrate cassette 117 by the pickup portion 119 formed 
at the front end of the front arm 118 utiliZing the center holes 
116a as the hook parts and mounts them one by one to the 
two holders 151 of the carrier 106. The pickup portion 119 
of the robot 111 holds the two substrates 116 arranged in the 
front-back direction. In this way, the 25 substrates 116 in the 
substrate cassette 117 set in a auxiliary vacuum chamber 109 
are mounted two by two in the holders of the carriers 106 
successively moved to the vacuum chamber 100 by the robot 
111 of the vacuum chamber 108. During this time, the other 
auxiliary vacuum chamber 110 is opened once to the atmo 
sphere, and unprocessed substrates are introduced through 
the loading door, that is, the gate valve 115. After the transfer 
operation of the robot 111 with respect to the substrate 
cassette 117 of the auxiliary vacuum chamber 109 is com 
pleted, the gate valve 112 of the auxiliary vacuum chamber 
109 is closed, the gate valve 113 of the auxiliary vacuum 
chamber 110 is opened, and the robot 111 continues trans 
ferring substrates in the same way as above for the 25 
substrates 116 newly introduced in the substrate cassette 
117. 

[0017] The substrate unloader 102 is con?gured substan 
tially the same except for performing an operation opposite 
to the substrate transfer operation at the substrate loader 101. 
Therefore, the same reference numerals are assigned to the 
vacuum chamber, two auxiliary vacuum chambers, gate 
valves, etc. in the substrate unloader 102. 

[0018] In the transfer operation of substrates by the con 
ventional substrate loader 101, two substrates 116 are placed 
one by one in the holders 151 of the carrier 106 by the robot 
111, so the mounting operation has to be performed two 
times. If the robot 111 picking up the two substrates 116 
from the substrate cassette 117 does not successively per 
form the operation for mounting a substrate on the carrier 
106 two times, the operation for mounting substrates on the 
next carrier cannot be performed. Therefore, in an in-line 
?lm deposition system, the transport speed of the carriers 
carrying the processed objects, that is, the substrates, is 
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restricted by the operating speed of the substrate transfer by 
the robot 111. As a result, there Was the problem that the 
throughput of the ?lm deposition system as a Whole is 
reduced and the production capacity of the system as a 
Whole is restricted. To solve this problem, in so far as the 
con?guration for substrate transfer of the related art is 
utiliZed, it is necessary to further increase the operating 
speed of the robot 111. Further increasing the operating 
speed of the robot itself, hoWever, is dif?cult as the limit has 
been reached at the present time. 

SUMMARY OF THE INVENTION 

[0019] An object of the present invention is to provide a 
substrate transfer apparatus of a substrate processing system 
designed to increase the amount of substrates transferred per 
unit time and to enhance the processing capacity of the 
substrate processing system by improving the method of 
mounting substrates in holders on carriers Without changing 
the operating speed of the robot. 

[0020] The substrate transfer apparatus of the substrate 
processing system according to the present invention is 
con?gured as folloWs to achieve the above object. 

[0021] The substrate processing system is provided With a 
plurality of vacuum chambers, a transport system, a plurality 
of carriers. The plurality of vacuum chambers is arranged in 
a polygonal ring shape and connected in series, and in each 
of the vacuum chamber substrates are processed in vacuum 
environments. The transport system is provided so as to pass 
through the vacuum chambers and forms a transport path of 
the polygonal ring shape. Each of the carriers carries at least 
tWo substrates With the substrate processing surfaces facing 
the sides of the transport direction. In the substrate process 
ing system, the plurality of carriers move along the transport 
path at predetermined intervals by said transport system. At 
the time of movement, for eXample, in the stopped state, at 
least tWo substrates on a carrier are processed in the plurality 
of vacuum chambers. As the substrate processing system, 
there is typically an in-line ?lm deposition system. Note that 
the scope of application of the substrate transfer apparatus 
according to the present invention is not limited to this 
hoWever. 

[0022] The substrate transfer apparatus is characteriZed by 
provision of a ?rst vacuum chamber (corresponding to 
auxiliary vacuum chamber 17) having the folloWing struc 
ture and a second vacuum chamber (corresponding to 
vacuum chamber 16). The ?rst vacuum chamber is arranged 
at the outside and is provided With a plurality of ?rst 
substrate cassettes arranged in parallel. Each of the ?rst 
substrate cassettes is able to carry a plurality of substrates 
(preferably 25 substrates). Further, the ?rst substrate cas 
settes are preferably arranged in tWo parallel roWs. The 
second vacuum chamber is communicated With a transport 
vacuum chamber (corresponding to vacuum chamber 10c) 
through Which carriers move along a transport path. The 
second vacuum chamber is provided With a ?rst robot for 
substrate transport arranged at the ?rst vacuum chamber 
side, a second robot for substrate transport arranged at the 
transport vacuum chamber side, and a plurality of second 
substrate cassettes arranged betWeen the ?rst robot and the 
second robot. A plurality of substrates is placed on the 
second substrate cassettes. The plural second substrate cas 
settes are arranged in parallel. The parallel second substrate 
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cassettes normally have substantially the same structure as 
the ?rst substrate cassettes. The substrates are disk-shaped 
substrates having center holes. The center holes of the 
substrates are utiliZed as hook parts for the pickup operation. 

[0023] In the above con?guration, more practically, all of 
the substrates placed on a substrate cassette can be simul 
taneously transferred by the ?rst robot, While the substrates 
can be simultaneously mounted to all of the substrate 
holders provided at the carriers by the second robot. There 
fore, according to the above con?guration, it is possible to 
increase the number of substrates able to be simultaneously 
transferred (mounted to the holders or dismounted from the 
holders) utiliZing the second robot. Due to this, it becomes 
possible to increase the amount of transfer of substrates per 
unit time by the substrate transfer apparatus, upgrade the 
substrate transport capacity by the substrate transport sys 
tem, and enhance the ?lm deposition or other processing 
capability by the substrate processing system. 

[0024] Further, in the above con?guration, the substrate 
transfer apparatus may be con?gured as a substrate loader. 
In this substrate transfer apparatus, the ?rst vacuum chamber 
is used as a chamber for loading unprocessed substrates 
from the outside, unprocessed substrates are placed on the 
parallel plurality of ?rst substrate cassettes, the ?rst robot is 
simultaneously operated to transfer all of the unprocessed 
substrates placed on the ?rst substrate cassettes on the 
parallel plurality of second substrate cassettes, and the 
second robot simultaneously takes out the front substrates 
from the plurality of second substrate cassettes and simul 
taneously mounts them on the holders of the carriers present 
in the transport vacuum chamber. 

[0025] In the above con?guration of the substrate loader, 
preferably the ?rst substrate cassettes and the second sub 
strate cassettes are arranged in tWo parallel roWs, the carriers 
have tWo holders, the ?rst robot has tWo substrate support 
rods at a bifurcated front arm, and the second robot has tWo 
substrate support blocks at a bifurcated front arm. 

[0026] In the above con?guration, the substrate transfer 
apparatus may also be con?gured as a substrate unloader. In 
the substrate transfer apparatus, the ?rst vacuum chamber is 
used as a chamber for unloading the processed substrates to 
the outside, the second robot simultaneously dismounts the 
processed substrates from the holders of the carriers present 
in the transport vacuum chamber, transfers them on the 
parallel plurality of second substrate cassettes, and repeats 
this operation to ?ll the second substrate cassettes, the ?rst 
robot is simultaneously operated to transfer all of the pro 
cessed substrates placed on the plurality of second substrate 
cassettes to the parallel plurality of ?rst substrate cassettes, 
and the processed substrates carried in the plurality of ?rst 
substrate cassettes are unloaded to the outside. 

[0027] In the above con?guration of the substrate 
unloader, preferably the ?rst substrate cassettes and the 
second substrate cassettes are arranged in tWo parallel roWs, 
the carriers have tWo holders, the ?rst robot has tWo sub 
strate support rods at a bifurcated front arm, and the second 
robot has tWo substrate support blocks at a bifurcated front 
arm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] These and other objects and features of the present 
invention Will become clearer from the folloWing descrip 
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tion of the preferred embodiments given With reference to 
the attached drawings, in Which: 

[0029] FIG. 1 is a plane vieW of an in-line type ?lm 
deposition system to Which the substrate transfer apparatus 
according to the present invention is applied; 

[0030] FIG. 2 is a plane vieW shoWing in detail a portion 
of the substrate loader and substrate unloader and related 
surrounding portions; 

[0031] FIG. 3A is a plane vieW of a substrate cassette; 

[0032] FIG. 3B is a side vieW of a substrate cassette; 

[0033] FIG. 4A is a plane vieW of a ?rst substrate transfer 
robot; 
[0034] FIG. 4B is a side vieW of a ?rst substrate transfer 
robot; 
[0035] FIG. 5A is a plane vieW of a second substrate 
transfer robot; 

[0036] FIG. 5B is a side vieW of a second substrate 
transfer robot; 

[0037] FIG. 6 is a plane vieW of a portion of a typical 
substrate loader and substrate unloader of the related art and 
related surrounding portions; 

[0038] FIG. 7 is a perspective vieW of a conventional 
substrate cassette seen from the front and side; 

[0039] FIG. 8 is a perspective vieW of a robot provided at 
a substrate loader of the related art; and 

[0040] FIG. 9 is a perspective vieW of a carrier of the 
related art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Next, preferred embodiments of the present inven 
tion Will be explained With reference to the attached draW 
ings. 
[0042] FIG. 1 is a plane vieW of an example of a substrate 
processing system in Which the substrate transfer apparatus 
according to the present invention is used. The substrate 
processing system 10 is, for example, an in-line ?lm depo 
sition system as explained in the related art (hereinafter 
referred to simply as the “?lm deposition system 10”). The 
?lm deposition system 10 is provided With a substrate loader 
11 and substrate unloader 12 in the front in FIG. 1. The 
substrate loader 11 is an apparatus for loading the unproc 
essed substrates as shoWn by the arroW 13 into the ?lm 
deposition system 10. The substrate unloader 12 is an 
apparatus for unloading the processed substrates as shoWn 
by the arroW 15 from the ?lm deposition system 10. The 
substrate loader 11 and the substrate unloader 12 are 
arranged in parallel at close locations and both operate to 
transfer the substrates as explained later. The substrate 
transfer operations of the substrate loader 11 and the sub 
strate unloader 12, hoWever, are reverse. In the folloWing 
explanation, the con?guration and transfer operation of the 
substrate transfer apparatus according to the present inven 
tion Will be explained focusing on the con?guration and 
operation of the substrate loader 11. 

[0043] The ?lm deposition system 10 is a ?lm deposition 
system con?gured by a plurality of vacuum chambers 10a, 
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10b, and 10c. The vacuum chambers are arranged in series 
so as to form a polygonal ring shape overall. These vacuum 
chambers form a rectangular transport path 10d, for 
example. The transport path 10d draWn by the dotted line is 
a route over Which the carriers move. The carriers move 

along the transport path 10d. In this embodiment, the 
carriers are substantially the same as the carrier shoWn in 
FIG. 9. Therefore, in the explanation of this embodiment as 
Well, the explanation Will be given using the same reference 
numerals. In such a carrier 106, substrates are mounted 
longitudinally horiZontally in the substrate mounting holes 
151a of the tWo holders 151. The substrates (the above 
mentioned substrates 116) on Which the ?lms are formed or 
otherWise processed are transported along the transport path 
10d in the state With the tWo surfaces facing the sides of the 
transport direction. The four vacuum chambers 10a are 
substrate rotation chambers positioned at the four corners in 
the ?lm deposition system formed in a polygonal ring shape. 
Inside are provided rotational mechanisms for changing the 
direction of movement of the carriers by 90 degrees. Further, 
the plurality of vacuum chambers 10b positioned at the 
portions corresponding to the sides is processing vacuum 
chambers for ?lm deposition etc. For example, they are 
provided With cathode mechanisms or targets or other sput 
tering systems. The vacuum chamber 10c forms part of the 
transport path. Here, tWo unprocessed substrates are 
mounted on the carriers 106 and tWo processed substrates 
are dismounted from the carriers 106. 

[0044] FIG. 2 is a plane vieW of the internal structure of 
the vacuum chamber 10c and the substrate loader 11. The 
inside of the substrate unloader 12 having substantially the 
same internal structure as the substrate loader 11 is not 
shoWn. The vacuum chambers 10a and 10b are draWn by 
imaginary lines. The substrate loader 11 is provided With one 
vacuum chamber 16 and auxiliary vacuum chamber 17. A 
gate valve 18 is provided at the interface of the vacuum 
chamber 16 and the auxiliary vacuum chamber 17. Nor 
mally, the gate valve 18 is closed and the vacuum chamber 
16 and the auxiliary vacuum chamber 17 are isolated from 
each other. When loading and unloading the substrates, the 
gate valve 18 is opened. The vacuum chamber 16 and the 
auxiliary vacuum chamber 17 are each provided With evacu 
ation systems under them. The vacuum chamber 16 is 
constantly communicated With the vacuum chamber 10c 
forming part of the transport path. In this embodiment, as 
one example, since the spaces of the vacuum chamber 16 
and the vacuum chamber 10c are connected, they are evacu 
ated by the same evacuation system. Note that the vacuum 
chamber 10c may also be divided into a portion correspond 
ing to the substrate loader 11 and a portion corresponding to 
the substrate unloader 12 and be provided betWeen them 
With a vacuum chamber of a cleaning system through a gate 
valve. In the cleaning system, the particles on the carriers or 
holders circulating through the ?lm deposition system may 
be removed. The auxiliary vacuum chamber 17 is further 
provided With another gate valve 19. The gate valve 19 is 
used When introducing unprocessed substrates into the sub 
strate loader 11 from the outside. 

[0045] The vacuum chamber 10c forming part of the 
transport path is connected at its tWo sides, as explained 
above, to vacuum chambers 10a With built in rotational 
mechanisms through gate valves 20 and 21. Carriers 106 
move into the vacuum chamber 10c by the opening of the 
gate valve 21. Carriers 106 are moved by on a drive 
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mechanism using the magnetic coupling provided under the 
bottom plate of the vacuum chambers as explained above. In 
the transport path, a plurality of carriers 106 move in a roW 
at predetermined intervals. In FIG. 2, tWo carriers 106 enter 
the vacuum chamber 10c. The arroW 22 shoWs the direction 
of movement of the carriers 106. The gate valve 20 opens 
When the carriers 106 emerge from the vacuum chamber 
10c. 

[0046] The auxiliary vacuum chamber 17 is provided With 
tWo substrate cassettes 23 and 24 in parallel. The substrate 
cassettes 23 and 24 are substantially the same as the above 
mentioned substrate cassettes 117. The substrate cassettes 23 
and 24 are af?xed at their tWo ends to end frames etc. (not 
shoWn) so as to be held at predetermined intervals. Any end 
frames can be used. The substrate cassettes 23 and 24 and 
end frames constitute a cassette unit. The substrate cassettes 
23 and 24 each contain for example 25 substrates. The 
substrates are the same as the substrates 116 explained in 
relation to the related art. In the explanation of the present 
embodiment, the explanation Will be made using the same 
reference numerals. The arrangement of the substrates 116 in 
the tWo parallel substrate cassettes 23 and 24 is substantially 
the same as that shoWn in FIG. 7 etc. Further, the substrates 
116 are disk-shaped substrates having center holes 116a in 
the same Way as explained in relation to the related art. TWo 
auxiliary vacuum chambers 17 Were provided in the system 
of the related art, but only one is provided in the present 
embodiment. Instead, tWo substrate cassettes (23, 24) are 
provided in parallel inside a single auxiliary vacuum cham 
ber. 

[0047] Inside of the vacuum chamber 16 is provided tWo 
robots 25 and 26 used for substrate transfer (substrate 
transport) and a cassette unit comprised of tWo substrate 
cassettes 27 and 28. The cassette unit is the same as the 
above cassette unit (comprised of substrate cassettes 23 and 
24) in structure and is provided at an intermediate position 
betWeen the robots 25 and 26. The substrate cassettes 27 and 
28 have the same structures as the substrate cassettes 23 and 
24. The robot 25 is provided close to the auxiliary vacuum 
chamber 17. The robot 25 is a substrate transfer robot for 
simultaneously transferring the 25 substrates 116 arranged in 
each of the substrate cassettes 23 and 24 in the auxiliary 
vacuum chamber 17, 50 in total, to the substrate cassettes 27 
and 28 in the vacuum chamber 16. The robot 26 is arranged 
close to the vacuum chamber 10c. The robot 26 is also a 
substrate transfer robot. It simultaneously takes out the front 
substrates among the substrates 116 placed in the substrate 
cassettes 27 and 28 provided inside the vacuum chamber 16, 
that is, tWo in total, and simultaneously mounts the tWo 
substrates 116 to the tWo holders 151 on a carrier 106. The 
robots 25 and 26 have basically the same con?guration and 
are each comprised of three arms. The difference betWeen 
the robots 25 and 26 lies in the con?guration of the front arm 
and the number of substrates carried by the same and the 
method of carrying. The con?gurations of the robots 25 and 
26 Will be explained in detail later. 

[0048] FIG. 3A and FIG. 3B are a plane vieW and side 
vieW of the substrate cassettes 23, 24, 27, and 28. In FIGS. 
3A and 3B, reference numeral 30 is assigned to a substrate 
cassette, While reference numeral 31 is assigned to a cassette 
unit produced by tWo substrate cassettes 30 arranged in 
parallel. A substrate cassette 30, as explained in the related 
art, is con?gured by four parallel rods 32, 33, 34, and 35. 
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The rods 32 to 35 are arranged at positions beloW the line 
116b formed by the center axes of the substrates 116. The 
rods 32 and 33 are positioned beloW While the rods 34 and 
35 are positioned above. The rods 32 to 35 are each formed 
With for example 25 grooves 37 With for example V-shaped 
cross-sections in the circumferential direction of their sur 
faces. The substrates 116 are supported by the V-shaped 
grooves. TWenty-?ve substrates 116 are carried in each of 
the substrate cassettes 30. In FIGS. 3A and 3B, a state With 
25 substrates 116 carried in the substrate cassette 30 is 
shoWn. The left and right ends of the four rods in FIGS. 3A 
and 3B are ?xed to the end plates 38 and 39. In FIGS. 3A 
and 3B, reference numeral 40 is a base member for af?xing 
the end plates 38 and 39. The base member is screWed etc. 
to the bottom plate 41 of the vacuum chamber. The end 
plates 38 and 39 are formed to leave the top portions of the 
substrates 116 from the portions around the center holes 
116a of the substrates exposed. The substrate cassette 30 
need only be one With for example 25 substrates 116 
arranged in parallel in a roW in the direction of their center 
axes. Its con?guration is not limited to that illustrated. Any 
con?guration may be employed. In this embodiment, the 
substrate cassette 30 is realiZed by arranging the four rods 32 
to 35 in parallel. Further, a cassette unit 31 is realiZed by 
arranging the substrate cassettes 30 in parallel. 

[0049] Next, an explanation Will be made of the robot 25 
referring to FIG. 4A and FIG. 4B. FIG. 4A is a plane vieW 
of the robot 25, While FIG. 4B is a side vieW of the same. 
The robot 25 has a multi-articulated arm and functions to 
move a predetermined number (in this example, a total of 50 
at the left and right) substrates 116 by its front end. The 
structural part of the multi-articulated arm is con?gured by 
a base arm 51, intermediate arm 52, and front arm 53. In the 
robot 25, the base arm 51 is provided on a base 54 affixed 
to the bottom plate of the vacuum chamber 16 so as to be 
able to freely rotate around its axis 51a. The intermediate 
arm 52 is provided at the base arm 51 so as to be able to 
freely rotate around its axis 52a. The front arm 53 is 
provided at the intermediate arm 52 so as to be able to freely 
rotate around its axis 53a. An intermediate member 54 is 
provided betWeen the intermediate arm 52 and the front arm 
53. The front arm 53 is af?xed to the intermediate member 
54 by screWs 55. Further, the multi-articulated is con?gured 
to be able to be changed in height as Well. The base arm 51 
and the intermediate arm 52 are formed as arm members 

having the required lengths. The front arm 53 is formed 
bifurcated similar to a V-shape in planar shape. Substrate 
support rods 57 are af?xed by bolts 56 to the fronts of the 
bifurcated portions of the front arm 53. In the bifurcated 
front arm 53, tWo substrate support rods 57 are provided in 
parallel at left and right positions. Further, the interval 
betWeen center lines of the tWo substrate support rods 57 is 
substantially equal to the interval betWeen center lines of the 
parallel arranged substrates in the tWo substrate cassettes in 
the cassette unit 31. At the top surface of each of the 
substrate support rods 57 are formed a plurality of ridges 57a 
so as to form 25 grooves. The ridges 57a are preferably 
formed With rounded peaks. One substrate support rod 57 
simultaneously supports 25 substrates 116 by the 25 grooves 
formed by the 26 ridges 57a. For convenience in explana 
tion, in FIGS. 4A and 4B, only the tWo substrates 116 
positioned at the front end and the rear end are shoWn. 



US 2001/0010204 A1 

According to the front arm 53 provided With the tWo 
substrate support rods 57, it is possible to simultaneously 
move 50 substrates. 

[0050] Next, an explanation Will be made of a robot 26 
With reference to FIG. 5A and FIG. 5B. FIG. 5A is a plane 
vieW of the robot 26, While FIG. 5B is a side vieW of the 
same. The robot 26, like the robot 25, has a multi-articulated 
arm and functions to move a predetermined number (in this 
example, tWo at the right and left) of substrates 116 by its 
front end. In the robot 26 shoWn in FIGS. 5A and 5B, the 
same reference numerals are assigned to the substantially 
same elements as explained With reference to the robot 25 
and explanations are omitted. The characteristic features 
Will be mainly explained. The robot 26 also has a multi 
articulated art comprised of a base arm 51, intermediate arm 
52, and front arm 53. Substrate support blocks 61 are bolted 
to the fronts of the bifurcated parts of the front arm. The 
substrate support blocks 61 provided With single V-grooves 
in their top surfaces. A single substrate 116 is held by a 
V-groove. Therefore, tWo substrates can be simultaneously 
supported and moved at the left and right portions of the 
front arm 53. The interval betWeen center lines of the tWo 
substrate support blocks 61 is substantially equal to the 
interval betWeen center lines of the parallel arranged sub 
strates in the tWo substrate cassettes 30. The tWo substrate 
support blocks 61 of the front arm 53 function as pickup 
portions When taking out tWo substrates 116 from the 
substrate cassettes 27 and 28. As explained above, according 
to the front arm 53 provided With the tWo substrate support 
blocks 61, it is possible to simultaneously move tWo sub 
strates. Further, a buffer member 62 utiliZing for example a 
coil spring etc. is provided at each substrate support block 
61. The buffer member 62 is a means for preventing damage 
to the substrates 116 etc. When mounting tWo substrates 116 
to the holes 151a of the tWo holders 151 of a carrier 106. 
Note that the buffer member 62 is not essential and may be 
omitted. 

[0051] An explanation Will be made next of an operation 
for loading substrates (operation for transferring substrates 
from substrate cassettes to holders of carriers) by the sub 
strate loader 11 having the above con?guration. The opera 
tions of the substrate loader 11 are comprised of an operation 
for opening and closing the gate valve, an operation for 
evacuating the vacuum chambers, and operations for loading 
substrates from the outside and moving the substrates by the 
robots 25 and 26. These operations are performed under 
certain synchronous relationships under the control of the 
controller performing sequence control. In the folloWing 
explanation, the relationship With the controller Will not be 
explained, as it is Well knoWn. The content of the series of 
operations Will be explained. 

[0052] In the substrate loader 11, ?rst, for example nitro 
gen (N2) gas is introduced from a vent valve (not shoWn) 
provided at the auxiliary vacuum chamber 17 to equaliZe the 
pressure With the atmosphere, then the gate valve 19 is 
opened to open the auxiliary vacuum chamber 17 to the 
atmosphere. In this state, 50 unprocessed substrates 116 are 
introduced from the outside and inserted into the substrate 
cassettes 23 permanently set at the auxiliary vacuum cham 
ber 17. TWenty-?ve substrates 116 are inserted into each of 
the substrate cassettes 23 and 24. Next, the gate valve 19 is 
closed and the auxiliary vacuum chamber 17 is evacuated to 
attain the required pressure. 
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[0053] Next, the gate valve 18 at the interface is opened. 
When the gate valve 18 is opened, the robot 25 operates to 
bring the front arm 53 in front of the substrates 116 in the 
substrate cassettes 23 and 24. The tWo substrate support rods 
57 affixed to the bifurcated front arm 53 are positioned at the 
center holes 116a of the substrates carried in the substrate 
cassettes 23 and 24, then the substrate support rods 57 are 
inserted into the center holes 116a of the tWo sets of 25 
substrates of the corresponding substrate cassettes by mov 
ing the front arm 53 toWard the substrate side. The substrate 
support rods 57 are stopped When the 25 V-grooves formed 
in each of them align With the 25 substrates 116. Next, the 
robot 25 operates so that the substrate support rods 57 move 
upWard to lift the 25 left and right substrates 116, that is, the 
total 50 substrates 116 in all, from the substrate cassettes 23 
and 24, then the robot rotates in a state not contacting the 
surrounding members to carry the 50 substrates 116 to the 
substrate cassettes 27 and 28 positioned at the intermediate 
location and positions and inserts them into the substrate 
cassettes 27 and 28. The robot 25 then returns to the original 
standby position and is held in a standby state. 

[0054] Next, receiving a signal indicating that the robot 25 
has completed its predetermined operation, the robot 26 
starts the operation for substrate transfer. The robot 26 
operates so that the substrate support blocks 61 provided at 
the front ends of the bifurcated parts of the front arm 53 face 
the center holes 116a of the substrate. The substrate support 
blocks 61 are inserted into the center holes 116a of the 
substrates 116 positioned in the front among the substrate 
cassettes 27 and 28, hook the substrates 116 by their 
V-grooves, and simultaneously take out the front substrates 
(tWo substrates in all) of the substrate cassettes 27 and 28. 
Next, the robot 26 rotates by the arm mechanism as a Whole 
so that the front arm 53 turns for example 180 degrees so as 
to face a carrier 106. That is, it operates so that the tWo 
substrate support blocks 61 of the bifurcated front ends of 
the front arm face the holes 151a of the tWo holders 151 of 
the carrier 106. In the state With the center holes 151a of the 
tWo holders 151 and the tWo substrates 116 positioned With 
each other, the robot 26 makes the front arm 53 move 
forWard and mounts the tWo substrates 116 to the holes 151a 
of the tWo holders 151. Next, the robot 26 operates in reverse 
and similarly takes out tWo substrates from the tWo groups 
of the remaining 24 substrates 116 of the substrate cassettes 
27 and 28. During this time, the carrier 106 carrying the tWo 
substrates passes through the open gate valve 20 and moves 
in the direction shoWn by the arroW 22. Next, a next carrier 
106 provided With empty holders arrives at a predetermined 
location of the vacuum chamber 10c. The robot 26 mounts 
the next tWo picked up substrates 116 on this next carrier by 
a similar operation as above. The robot 26 repeats the above 
operation for the substrates carried in the substrate cassettes 
27 and 28 and mounts tWo substrates each on the holders of 
the successively moving carriers 106. 
[0055] While the robot 26 is operating to move the sub 
strates as explained above, the vent valve of the auxiliary 
vacuum chamber 17 is opened and nitrogen gas is intro 
duced as explained above, then the gate valve 19 is opened 
to open the chamber to the atmosphere, 50 unprocessed 
substrates are introduced and inserted into the permanently 
set substrate cassettes, then the chamber is again evacuated. 
At the stage When the preparations at the auxiliary vacuum 
chamber 1 side are completed, the gate valve 18 is opened 
and the robot 25 is able to move the 50 unprocessed 
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substrates carried in the substrate cassettes 23 and 24 to the 
substrate cassettes 27 and 28. At the stage When the robot 26 
takes out the ?nal tWo substrates 116 from the substrate 
cassettes 27 and 28, the robot 25 receiving the signal of that 
state con?rms the empty state of the substrate cassettes 27 
and 28 and, as explained above, simultaneously moves 50 
substrates from the substrate cassettes 23 and 24 to the 
substrate cassettes 27 and 28 and then is held in the standby 
state. Explaining this in further detail, the robot 25 picks up 
50 substrates from the substrate cassettes 23 and 24 and 
turns, the gate valve 18 closes, then the auxiliary vacuum 
chamber 17 is opened to the atmosphere as explained above 
and preparations are made for introducing the next 50 
unprocessed substrates. Note that a robot mechanism for 
loading 50 unprocessed substrates is provided at the outside 
of the auxiliary vacuum chamber 17. Further, the robot 25 
stands by While holding the 50 substrates until the timing for 
inserting the substrates in the substrate cassettes 27 and 28. 
After receiving the ?nal takeout signal, it inserts 50 sub 
strates in the substrate cassettes 27 and 28. 

[0056] Due to the above, the auxiliary vacuum chamber 17 
can perform the Work of evacuation, venting, etc. Without 
regard as to the timing of handling of the substrates 116. 

[0057] As explained above, the operation for loading 
substrates to the carriers 106 of the ?lm deposition system 
10 (transfer operation) is continued by the loading of 
unprocessed substrates 116 from the outside and the move 
ment of the substrates by the robots 25 and 26. According to 
the present embodiment, even if there is a single auxiliary 
vacuum chamber, the operation is not regulated in speed and 
it is possible to enhance the capability of the loading 
operation tWo-fold. That is, the embodiment is con?gured so 
that tWo substrates are simultaneously mounted in tWo 
holders 151 of a carrier 106 by the robot 126. Since the 
speed is regulated by the operating capacity of the robot 26, 
it is possible to enhance the capacity of the loading operation 
tWo-fold and possible to enhance the transport capacity of 
the substrates tWo-fold and enhance the processing capacity 
of the ?lm deposition system 10 tWo-fold. 

[0058] Note that, naturally, regarding the process of the 
?lm deposition at the vacuum chambers 10b of the ?lm 
deposition system 10, the ef?ciency of the ?lm deposition is 
improved so there are no limits on the improvement of the 
processing capability. 

[0059] On the other hand, the substrate unloader 12 is also 
provided With the vacuum chamber 16 and the single 
auxiliary vacuum chamber 17 and is con?gured the same as 
the substrate loader 11. In the unloading operation of the 
substrates 116 at the substrate unloader 12, hoWever, the 
substrates 116 on Which the ?lm has been ?nished being 
formed at the ?lm deposition system 10 are transported by 
the carriers 106 to the vacuum chamber 10c, then the robot 
26 moves tWo substrates from the holders of the carrier to 
the substrate cassettes 27 and 28 positioned in the middle. 
The robot 26 repeats these actions. At the point of time When 
50 substrates are carried in the substrate cassettes 27 and 28, 
the robot 25 transfers the 50 substrates of the substrate 
cassettes 27 and 28 simultaneously to the substrate cassettes 
23 and 24 of the auxiliary vacuum chamber 17. During this 
time, the robot 26 repeatedly moves substrates from the 
carriers 106 to the substrate cassettes 27 and 28. The 
substrates formed With the ?lm moved to the substrate 
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cassettes of the auxiliary vacuum chamber 17 are unloaded 
from the unloading door, that is, the gate valve 19, to the 
outside after the auxiliary vacuum chamber 17 is opened to 
the atmosphere as explained above. Next, the auxiliary 
vacuum chamber 17 is closed and evacuated to a predeter 
mined level. In this Way, the substrate unloading operation 
by the substrate unloader 12 is similarly not regulated by the 
auxiliary vacuum chamber, and the production capacity of 
the ?lm deposition system 10 is improved. 

[0060] In the above embodiment, the substrate transfer 
operation by the robot 26 simultaneously transferred tWo 
substrates, but the invention is not limited to this. For 
example, it is also possible to give the front arm three or four 
front ends etc. to simultaneously take out and mount three or 
four substrates. According to that con?guration, it Would be 
possible to further improve the transport ef?ciency and 
production ef?ciency. 
[0061] While the invention has been described by refer 
ence to speci?c embodiments chosen for purposes of illus 
tration, it should be apparent that numerous modi?cations 
could be made thereto by those skilled in the art Without 
departing from the basic concept and scope of the invention. 

What is claimed is: 
1. A substrate transfer apparatus of a substrate processing 

system: said substrate processing system comprised of; 

a plurality of vacuum chambers connected in series to 
form a polygonal ring shape, in each of Which sub 
strates are processed in vacuum environments, 

a transport system provided in said vacuum chambers to 
form a transport path of the polygonal ring shape, and 

a plurality of carriers transported along said transport path 
at predetermined intervals by said transport system, 
each of Which holds at least tWo of the substrates, 

said substrate transfer apparatus further comprising; 

a ?rst vacuum chamber arranged at the outside and 
provided With a plurality of ?rst substrate cassettes 
arranged in parallel, on each of Which a plurality of 
substrates is placed, 

a second vacuum chamber communicating With a trans 
port vacuum chamber through Which said carriers move 
along said transport path, and provided With a ?rst 
robot for substrate transfer arranged at the side of said 
?rst vacuum chamber, a second robot for substrate 
transfer arranged at the side of said transport vacuum 
chamber, and a plurality of second substrate cassettes 
arranged in parallel betWeen said ?rst robot and said 
second robot, on each of Which a plurality of substrates 
is placed. 

2. A substrate transfer apparatus of a substrate processing 
system as set forth in claim 1, 

Wherein said ?rst vacuum chamber is used for loading 
unprocessed substrates from the outside, said unproc 
essed substrates are placed on said parallel ?rst sub 
strate cassettes, said ?rst robot is operated to transfer all 
of the unprocessed substrates placed on said ?rst sub 
strate cassettes simultaneously to said second substrate 
cassettes, and said second robot simultaneously takes 
out the front substrates from each of said plurality of 
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second substrate cassettes and simultaneously mounts 
them in said holders of said carrier in the transport 
vacuum chamber. 

3. A substrate transfer apparatus of a substrate processing 
system as set forth in claim 2, 

Wherein said ?rst substrate cassettes and said second 
substrate cassettes are both arranged in tWo parallel 
roWs, each of said carriers has tWo holders, said ?rst 
robot has a bifurcated front arm With tWo substrate 
support rods, and said second robot has a bifurcated 
front arm With tWo substrate support blocks. 

4. A substrate transfer apparatus of a substrate processing 
system as set forth in claim 1, 

Wherein said ?rst vacuum chamber is used for unloading 
processed substrates to the outside, said second robot 
simultaneously dismounts the processed substrates 
from the holders of said carrier coming into said 
transport vacuum chamber, places them on said parallel 
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second substrate cassettes, and repeats the operations to 
?ll said second substrate cassettes, said ?rst robot is 
operated to simultaneously transfer all of the processed 
substrates placed on said second substrate cassettes to 
said ?rst substrate cassettes, and the processed sub 
strates placed on said ?rst substrate cassettes are 
unloaded to the outside. 

5. A substrate transfer apparatus of a substrate processing 
system as set forth in claim 3, 

Wherein said ?rst substrate cassettes and said second 
substrate cassettes are both arranged in tWo parallel 
roWs, each of said carriers has tWo holders, said ?rst 
robot has a bifurcated front arm With tWo substrate 

support rods, and said second robot has a bifurcated 
front arm With tWo substrate support blocks. 


