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(57) ABSTRACT 

This invention provides a transport apparatus having a 
Simple configuration that can reduce its turning radius and 
transport Semiconductor devices at high Speed. The transport 
apparatus comprising the first and Second arms having at a 
first end of each thereof a rotary drive Shaft being arranged 
coaxially, and third and fourth arms rotatably linked at 
respective the first ends thereof to the respective Second ends 
of the first and second arms. The second ends of the third and 
fourth arms are Supported around centers of coaxially 
arranged spindles, respectively. The transport apparatus fur 
ther comprises an articulating mechanism having an attitude 
control mechanism adapted to apply rotary forces with 
opposite phases to the respective Spindles arranged at the 
third and fourth arms. 
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TRANSPORT APPARATUS AND WACUUM 
PROCESSING SYSTEM USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a transport appa 
ratus for bringing a Semiconductor Substrate or the like into 
a vacuum processing chamber and carrying it out from the 
chamber to a predetermined position. 

0003 2. Description of the Related Art 
0004. In recent years, there has been a strong demand for 
precision Semiconductor devices with critical dimensions. 
Systems for manufacturing Such Semiconductor devices are 
then required to improve the throughput and reduce the foot 
print necessary for installing the System. 

0005. In view of these requirements, there have been 
proposed multi-chamber Systems and transport apparatuses 
comprising a transport chamber arranged at the center and a 
plurality of processing chambers arranged around the trans 
port chamber and connected thereto by way of respective 
gate valves So that various processing operations may be 
conducted in Vacuum atmosphere in a coordinated manner 
(see the publications of Japanese Patent Nos. 2733799 and 
2808826). 
0006 FIG. 16 of the accompanying drawings is a sche 
matic plan view of Such a known transport apparatus (as 
disclosed in Japanese Patent Laid-Open Publication No. Hei. 
4-279043), illustrating a principal part thereof. 
0007 Referring to FIG. 16, in the transport apparatus 
100, the rotary force generated by a drive source (not shown) 
is transmitted to a drive shaft 101, to a drive gear 102 
Secured to the drive shaft 101 and then to a driven shaft 104 
by way of driven gear 103 engaged with the drive gear 102. 

0008 A first arm 105 is fitted to the drive shaft 101 and 
a third arm 107 is linked to the end of the first arm 105 So 
as to be rotatable around its rotary shaft 106. 

0009. On the other hand, a secondarm 108 is fitted to the 
driven shaft 104 and a fourth arm 110 is linked to the end of 
the second arm 108 so as to be rotatable around its rotary 
Shaft 109. 

0010) A movable pulley 111 is fitted to the third arm 107 
so as to be rotatable coaxially around the rotary shaft 106. 
The movable pulley 111 is linked to a fixed pulley 112 that 
is fixed coaxially with the driven shaft 101 by way of a belt 
113. The diameter of the movable pulley 111 and that of the 
fixed pulley 112 show a ratio of 1:2. 
0.011 Mating gears 116, 114 are rotatably fitted to the 
respective ends of the third and fourth+arms 107 and 110. 
The mating gears 116, 114 are engaged with each other and 
fitted to a Substrate holder 115. 

0012. With the known transport apparatus 100 having the 
above described link mechanism, as the drive shaft 101 is 
driven to rotate, the Substrate holder 115 is moved along a 
Straight line 1 rectangularly interSecting the Straight line 
connecting the center of the drive shaft 101 and that of the 
driven shaft 104 (to be referred to as “transport line” 
hereinafter) in a horizontal plane and passes through a 
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position where the first arm 105 and the second arm 108 
form an angle of 180° (to be referred to as “dead point” 
hereinafter). 
0013. In the transport apparatus 100, the drive shaft 101 
and the driven shaft 104 are rotatably fitted to a support (not 
shown) in such a way that the substrate holder 115 is driven 
to rotate around the drive shaft 101 by another drive source 
(not shown). 
0014 With the above described known transport appara 
tus 100, however, since the Substrate holder 115 is driven to 
rotate around the drive shaft 101, it does not rotate around 
the center of the arms that is the intersection O of the straight 
line m connecting the center of the drive shaft 101 and that 
of the driven shaft 104 and the transport line 1 when the first 
through fourth arms 105,107, 108 and 110 are folded to the 
dead point. 

0015 This means that, with the above described known 
transport apparatus 100, it is difficult to reduce the minimum 
turning radius and hence the inner diameter of the transport 
chamber. Then, by turn, it is difficult to dimensionally 
reduce the entire Semiconductor manufacturing System. 
0016 While the throughput of a semiconductor manu 
facturing System can be improved effectively by increasing 
the operating Speed of the transport apparatus thereof, the 
operating torque of the drive Source cannot be raised to 
increase the operating Speed of the transport apparatus when 
both the drive shaft 101 and the driven shaft 104 are 
operated by means of a Single drive Source as in the case of 
the above described known transport apparatus. This prob 
lem is due to transmission loss of rotary force. 
0017. These problems may be solved by using first and 
Second drive shafts that are arranged coaxially and driven 
independently by respective drive Sources. Then, however, 
Since the mating gears 114, 116 that constitute an articulating 
mechanism are juxtaposed, the angle of rotation of the third 
arm 107 relative to the first arm 105 and that of the fourth 
arm 110 relative to the second arm 108 are not proportional 
to the angle of rotation of the first arm 105 and that of the 
second arm 108 respectively. Therefore, the rotary motion of 
the third arm 107 and that of the fourth arm 110 are not 
Synchronized with the rotary motions of the first and Second 
arms 105, 108 to make it difficult to move the Substrate 
holder 115. 

0018 While these problems may be avoided by providing 
a complex correction mechanism, Such a mechanism inevi 
table raise the number of components and that of assembling 
StepS. 

0019 FIG. 17 of the accompanying drawings is a sche 
matic plan view of another known transport apparatus (as 
disclosed in Japanese Patent Laid-Open Publication No. Hei. 
9-283588), illustrating a principal part thereof. 
0020 Referring to FIG. 17, with this known transport 
apparatus 200, the rotary forces generated independently by 
a pair of drive Sources (not shown) are transmitted respec 
tively to a first drive shaft 201 and a second drive shaft 202 
that are arranged coaxially. 

0021. A first arm 203 is fixed to the first drive shaft 201 
and a third arm 205 is linked to the end of the first arm 203 
so as to be rotatable around its rotary shaft 207. 
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0022. On the other hand, a second arm 204 is fixed to the 
Second drive shaft 202 and a fourth arm 206 is linked to the 
end of the second arm 204 So as to be rotatable around its 
rotary shaft 208. The length of the second arm 204 and that 
of the fourth arm 206 are made equal to those of the first and 
third arms 203 and 205, respectively. 

0023) A first pulley 209 is fixed to the third arm 205 so 
as to be rotatable around the rotary shaft 207 coaxially. A 
second pulley 210 is coaxially fixed to the second drive shaft 
202. An endless drive belt 211 is wound around the first 
pulley 209 and the second pulley 210. A dead point escape 
mechanism 212 is formed by the first and second pulleys 
209, 220 and the drive belt 211. 

0024. A first mating pulley 215 is fixed to the end of the 
third arm 205 and a second mating pulley 216 having a 
diameter same as that of the first mating pulley 215 is fitted 
to the end of the fourth arm 206. The first and second mating 
pulleys 215, 216 are rotatably fitted to a substrate holder 217 
by way of respective rotary pins 219, 220. A restraint belt 
221 is wound around the restraint pulleys 215, 216 to 
substantially form a FIG. “8”. The first and second mating 
pulleys 215, 216 and the restraint belt 221 form an attitude 
control mechanism 222. 

0.025. With this known transport apparatus 200 having 
the above described link mechanism, the Substrate holder 
217 is driven to move straight by rotating the first drive shaft 
201 and the second drive shaft 202 reversely relative to each 
other on the transport line 222 passing through the bisector 
of the angle between the third arm 205 and the fourth arm 
206 running through the center of the first drive shaft 201 
and the second drive shaft 202, the angle being restraint by 
the restraint belt 221. 

0026. With this known transport apparatus 200, if the first 
arm 203 and the second arm 204 are located on deadline 223 
where the angle between the first arm 203 and the second 
arm 204 becomes equal to 180, the rotary force of the 
second drive shaft 202 is transmitted to the third arm 205 by 
way of the drive belt 211 and the first pulley 209 to cause the 
substrate holder 217 to pass through the dead line 223. 
0.027 Additionally, with this known transport apparatus 
200, since the fourth arm 206 is linked to the second arm 204 
by means of a pin (whereas the third arm 205 is not only 
linked to the first arm 203 by means of a pin but also 
restrained by the second drive shaft 202 by way of the first 
pulley 209, the drive belt 211 and the second pulley 210), the 
first pulley 209 and the third arm 205 try to rotate relative to 
the first arm 203 by an angle of 20 (that is, twice the rotary 
angle 0 of the second arm 204) when the first drive shaft 201 
and the second drive shaft 202 are driven to rotate in 
opposite Senses by an angle of 0. 

0028. On the other hand, since the two mating pulleys 
215, 216 of the attitude control mechanism 222 are juxta 
posed, the angle of rotation of the third arm 205 relative to 
the first arm 203 and that of the fourth arm 206 relative to 
the Second arm 204 are not proportional to the angle of 
rotation 0 of the first and second arms 203 and 204. In other 
words, Since the angle of rotation of the mating pulley 215 
is equal to that of the mating pulley 216, the former angles 
of rotation are not equal to twice of the angle 0 and the 
constant of proportionality can fluctuate around 2 depending 
on the latter angles of rotation. Because of the discrepancy 
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that can arise to the angle of rotation of the third arm due to 
the different mechanism, the substrate holder 217 may not be 
held uniformly relative to the transport line 222; thereby, 
deteriorating the Straightness of the movement. Additionally, 
the substrate holder 217 may have difficulty in moving. 
0029. It is known to divide the drive belt 211 and arrange 
tension coil springs between them in order to avoid the 
above identified problems. It is also known to provide a 
tension regulating mechanism for Suppressing the expan 
Sion/contraction of the drive belt 211 by arranging a plurality 
of tension pulleys between the first pulley 209 and the 
second pulley 210. 
0030. However, even the known transport apparatus 200 
is provided with Such a known tension regulating mecha 
nism, the first pulley 209 and the second pulley 210 can 
show a phase difference because of the difference in the 
elongation due to heat of the drive belt 211 and the first arm 
203 so that the dead point escape mechanism 212 can still 
adversely affect the linear movement of substrates. This 
problem is particularly remarkable when the arms of the link 
mechanism and the drive belt 211 are made long in order to 
increase the distance for transporting Substrates. Addition 
ally, the tension regulating mechanism involves a problem of 
requiring a long and cumberSome operation for assembling 
it and regulating the tension. 
0031. It is also known to provide a mechanism designed 
to equalize the angle or rotation of the fourth arm 206 
relative to the second arm 204 and that of the third arm 205 
relative to the first arm 203 by using a cam-shaped pulley for 
the first pulley 209 or the second pulley 210 and restricting 
the rotary motion of the third arm 205 in order to ensure a 
linear movement of the known transport apparatus 200. 
0032. However, if such a cam-shaped pulley is used for 
the transport apparatus 200, the process of preparing the 
cam-shaped pulley becomes a cumberSome one and requires 
an increased number of parts to consequently raise the cost 
of the mechanism and hence that of the Semiconductor 
manufacturing System including the transport apparatus 200. 

0033 While it may be conceivable to provide a mecha 
nism for adjusting the length of the first arm 203, again the 
process of preparing Such a mechanism is cumberSome and 
requires an increased number of parts to consequently raise 
the cost of the mechanism as in the case of the tension 
regulating mechanism and the pulley mechanism, which are 
described above. 

SUMMARY OF THE INVENTION 

0034. Thus, it is an object of the present invention to 
provide a transport apparatus having a simple configuration 
that involves a Small turning radius and provides a high 
transport Speed. 

0035) Another object of the invention is to provide a 
transport apparatus that can ensure a linear movement of 
Substrates by eliminating the adverse effects of the dead 
point escape mechanism on the attitude control mechanism 
without raising the number of parts and entailing a cumber 
Some assembly and adjustment process. 
0036 With the transport apparatus as provided in the first 
embodiment of this invention, since drive shaft of the first 
arm and that of the Second arm are arranged coaxially, the 
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minimum turning radius can be reduced than ever in a State 
where the first through fourth arms are arranged at the dead 
point. 

0037 Additionally, with the transport apparatus as pro 
vided in the first embodiment of this invention, since the 
opposite ends of the third and fourth arms are linked to the 
respective Spindles that are arranged also coaxially, the drive 
shafts of the third and fourth arms can be driven to rotate 
without requiring a complex correction mechanism for 
changing the arm length So that the first through fourth arms 
can be operated at high Speed although the transport appa 
ratus has a simple configuration. 

0.038 Furthermore, with the transport apparatus as pro 
vided in the first embodiment of this invention, the spindles 
of the third and fourth arms are driven to rotate with opposite 
phases So that Substrates can be moved linearly along the 
predetermined transport line without entailing problems 
including the problem of unintended rotation of the carrier 
fitted to the articulating mechanism and the carrier can be 
moved Smoothly at and near the dead point. 

0.039 The unintended revolution of the carrier can be 
completely prevented from taking place when the rotary 
forces applied respectively to the Spindles of the third and 
fourth arms with opposite phases are made equal in the first 
embodiment of this invention. 

0040. The overall configuration of the transport apparatus 
as provided in the first embodiment of this invention can be 
further simplified when the attitude control mechanism is 
provided with a power transmission mechanism for trans 
mitting rotary forces respectively to the Spindles of the third 
and fourth arms with opposite phases. 

0041. The articulating mechanism of the transport appa 
ratus as provided in the first embodiment of this invention 
can be made thin and lightweight when the above-mentioned 
attitude control mechanism comprises pulleys and belts as 
defined above because the attitude control mechanism can 
then be made to have a low profile and a Small weight. 

0042. When the attitude control mechanism of the trans 
port apparatus as provided in the first embodiment of this 
invention comprises first and Second restraint pulleys fixed 
respectively to the Spindles of the third and fourth arms, a 
third restraint pulley juxtaposed with the first and Second 
restraint pulleys, a first restraint belt arranged So as to drive 
either the first restraint pulley or the Second restraint pulley 
and the third restraint pulley to rotate in phase, and a Second 
restraint belt arranged So as to drive either the first restraint 
pulley or the Second restraint pulley and the third restraint 
pulley to rotate with opposite phases, it is possible to reliably 
transmit rotary forces respectively to the Spindles of the third 
and fourth arms with opposite phases, although the transport 
apparatus has a simple configuration. 

0043. When the attitude control mechanism of the trans 
port apparatus as provided in the first embodiment of this 
invention comprises Sprockets and chains as defined above, 
it is made free from Slippery motions and affected minimally 
by thermal expansions. 

0044) When the attitude control mechanism of the trans 
port apparatus as provided in the first embodiment of this 
invention comprises gears as defined above, the transport 

May 5, 2005 

apparatus can be assembled and regulated in a Simple way 
without requiring the need of regulating tension unlike the 
case of using belts. 
0045 When the transport apparatus as provided in the 

first embodiment of this invention is equipped with an 
additional power transmission mechanism comprising a 
drive pulley fixed to the drive shaft of the first or second arm, 
a driven pulley secured to an end of the spindle of the third 
or fourth arm, and a belt wound around the drive pulley and 
the driven pulley, the power of the drive source is efficiently 
transmitted to each of the arms by way of the additional 
power transmission mechanism So that the transport appa 
ratus can be operated more Smoothly at high Speed. 

0046. As described above, in the first embodiment of this 
invention, it is possible to provide a compact vacuum 
processing System that can transport objects to be processed 
at high Speed. 
0047 On the other hand, with the transport apparatus as 
provided in the Second embodiment of this invention, a pair 
of Spindles for coaxially and respectively Supporting a pair 
of driven arms at respective ends thereof and a rotary 
member of the attitude control mechanism are arranged with 
a predetermined positional relationship on the Substrate 
holder for holding predetermined Substrates and a Second 
link mechanism is formed by adding a separate link member 
as dead point escape mechanism in order to allow the 
Substrate holder to escape the dead point of the first parallel 
link mechanism. Thus, the rotary motions of the paired 
driven arms are synchronized by the rotary member of the 
attitude control mechanism to eliminate any relative dis 
placement of the phases of the driven arms. Additionally, the 
expansion/contraction that can arise in the Second link 
mechanism due to external force and/or heat can be equal 
ized with the expansion/contraction that arises in the first 
link mechanism in an easy way of making the link members 
from the same material of the first link members if compared 
with, the prior art So that any displacement of the phase of 
each of the paired driven arms relative to that of the 
corresponding one of the paired drive arms can be elimi 
nated. 

0048. As a result, with the transport apparatus as pro 
vided in the second embodiment of this invention, the 
Substrate holder can be made to reliably move Straight 
because the attitude control mechanism can operate prop 
erly, eliminating any adverse effects that the dead point 
escape mechanism can otherwise exert on the first parallel 
link mechanism. 

0049. With the transport apparatus as provided in the 
Second embodiment of this invention, when all the inter 
joint distances of the paired drive arms and the paired driven 
arms of the first link mechanism are made equal to each 
other and the inter-joint distance of the link members of the 
Second link mechanism is made equal to that of the first link 
mechanism, while the link member of the second link 
mechanism is made to run in parallel with one of the paired 
drive arms, the pairs of driven arms can be made to rotate by 
a same angle of rotation relative to the paired drive arms. In 
addition, the expansion/contraction that can arise in link 
member of the Second link mechanism due to heat can be 
equalized with the expansion/contraction that arises in the 
paired drive arms and the paired driven arms of the first link 
mechanism by Selecting a parallel link mechanism for both 
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the first link mechanism and the Second link mechanism. 
This can ensure a stable linear movement of the Substrate 
holder. 

0050. With the transport apparatus as provided in the 
Second embodiment of this invention, when the Second link 
mechanism is formed by using the link member, one of the 
drive arms, and one of the driven arms, the dead point escape 
mechanism can be realized Simply by adding the link 
member. Therefore, the use of members including pulleys 
for the dead point escape mechanism and the provision of a 
mechanism for regulating the dead point escape mechanism 
of the prior art are no longer necessary. Then, the transport 
apparatus can be realized with a reduced number of com 
ponents and hence can be assembled in a simple manner So 
that the use of a complex regulation procedure is no longer 
necessary to reduce the cost of the entire Semiconductor 
manufacturing System including the transport apparatus. 
0051. With the transport apparatus as provided in the 
Second embodiment of this invention, when the arm Section 
of the link member of the Second link mechanism has a 
length between /S and /3 of the length of the paired drive 
arms of the first link mechanism and shows an angle of 
inclination between 20 and 40, the first link mechanism 
and the Second link mechanism does not come to the dead 
point Simultaneously So that the first link mechanism can 
Smoothly and advantageously pass through the dead point. 
0.052 Finally, with the transport apparatus as provided in 
the Second embodiment of this invention, when the Substrate 
holder comprises a plurality of holding Sections and the 
attitude control mechanism is arranged at a position where 
the rotary member is separated from these holding Sections 
by a Same and identical distance, the rotary member and the 
power transmission members by which the rotary member is 
fitted to the paired driven arms will expand/contract by a 
Same amount due to heat if the holding members of the 
Substrate holder are made to carry respective heated Sub 
Strates because they are evenly heated by the Substrates. 
Then, the Substrate holder can accurately move Straight. 

0.053 As described above, in the second embodiment of 
this invention, it is possible to provide a vacuum processing 
System that can accurately move Straight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.054 FIG. 1 is a schematic illustration of a vacuum 
processing System according to the present invention. 

0055 FIG. 2 is a plan view of an embodiment of a 
transport apparatus according to the first embodiment of this 
invention, illustrating its configuration. 

0056 FIG. 3A is a cross sectional side view of an attitude 
control mechanism of an articulating mechanism of the 
embodiment of FIG. 2. 

0057 FIG. 3B is a cross sectional view taken along line 
A-A in FIG. 3A. 

0.058 FIG. 3C is a cross sectional view taken along line 
B-B in FIG. 3A. 

0059 FIGS. 4A through 4D are schematic illustrations 
of an operation of replacing a treated Semiconductor wafer 
with an untreated Semiconductor wafer in a vacuum pro 
cessing vessel by using the embodiment of FIG. 2 (Part 1). 
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0060 FIGS. 5A through 5C are schematic illustrations 
of an operation of replacing a treated Semiconductor wafer 
with an untreated Semiconductor wafer in a vacuum pro 
cessing vessel by using the embodiment of FIG. 2 (Part 2). 
0061 FIG. 6 is a cross sectional view of an alternative 
attitude control mechanism that can be used for the embodi 
ment of FIG. 2. 

0062 FIG. 7 is a cross sectional view of another alter 
native attitude control mechanism that can be used for the 
embodiment of FIG. 2. 

0063 FIGS. 8A through 8C are cross sectional views of 
Still another alternative attitude control mechanism that can 
be used for the embodiment of FIG. 2. 

0064 FIG. 9 is a plan view of another embodiment of the 
transport apparatus according to the invention. 
0065 FIG. 10 is a plan view of still another embodiment 
of the transport apparatus according to the invention. 
0.066 FIG. 11 is a plan view of an embodiment of a 
transport apparatus according to the Second the invention, 
illustrating its configuration. 

0067 FIG. 12 is a side view of the embodiment of the 
transport apparatus of FIG. 11 as viewed in the direction of 
allow Y in FIG. 11. 

0068 FIG. 13A is a cross sectional side view of an 
attitude control mechanism of an articulating mechanism of 
the embodiment of FIG. 12. 

0069 FIG. 13B is a cross sectional view taken along line 
C-C in FIG. 13A 

0070 FIG. 13C is a cross sectional view taken along line 
D-D in FIG. 13A. 

0071 FIGS. 14A through 14D are schematic illustra 
tions of an operation of a first parallel link mechanism and 
that of a dead point escape mechanism (a Second parallel 
link mechanism) of the embodiment of FIG. 11. 
0072 FIG. 15 is a plan view of still another embodiment 
of the transport apparatus according to the invention. 
0073 FIG. 16 is a plan view of a known transport 
apparatuS. 

0074 FIG. 17 is a plan view of another known transport 
apparatus, illustrating main parts thereof. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0075 Preferred embodiments of the present invention 
will be described in detail below with reference to the 
accompanying drawings. 

0076 FIG. 1 shows a schematic illustration of a vacuum 
processing System according to the present invention. 
0077. The vacuum processing system 1 has a transport 
chamber 1A arranged at the center, and has a loading/ 
unloading chamber 1B and first to fifth processing chambers 
1C-1G arranged around the transport chamber 1A. The 
transport chamber 1A, loading/unloading chamber 1B, and 
first to fifth processing chambers 1C-1G are hermetically 
Sealed and connected. Further, they can keep their vacuum 
atmospher Separately. 
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0078. In the conveying chamber 1A, a transport appara 
tuS 2 according to the present invention is installed to bring 
a Semiconductor wafer 13 into the loading/unloading cham 
ber 1B and the first to fifth processing chambers 1C-1G and 
carrying it out from the chambers freely. 
007.9 FIG. 2 is a plan view illustrating the configuration 
of an embodiment of the transport apparatus according to the 
first embodiment of this invention. 

0080 Referring to FIG. 2, the transport apparatus 2 
according to the present embodiment has first and Second 
drive Shafts 11, 12 which are arranged coaxially. Indepen 
dent first and second driving sources M1, M2 transmit rotary 
forces in the clockwise and counterclockwise directions to 
these drive shafts 11, 12, respectively, to rotate the first and 
Second drive shafts 11, 12. 

0081. A first arm 21 is fixed to the first drive shaft 11, 
while a second arm 22 is fixed to the second drive shaft 12. 

0082. At the ends of the first and second arms 21, 22, 
third and fourth arms 23, 24 are mounted with bearings(not 
shown), for example, So that they can Smoothly rotate 
around Spindles 23a, 24a, respectively. 
0083) The ends of these third and fourth arms 23, 24 are 
connected to an articulating mechanism 3 that has an attitude 
control mechanism to be described later. 

0084. In the present embodiment, all the first to fourth 
arms 21-24 have the same length (distance between rotation 
axes). Hereafter, the first-fourth arms 21-24 are referred to as 
an arm 20 as necessary. 
0085 FIG. 3A is a side sectional view of the attitude 
control mechanism of the articulating mechanism according 
to the present embodiment; FIG. 3B is a sectional view 
taken along the A-A line in FIG. 3A, and FIG. 3C is a 
sectional view taken along the B-B line in FIG. 3A. 
0086). As shown in FIG. 2 and FIG. 3A, the articulating 
mechanism 3 has a holder 30 and this holder 30 has a carrier 
31 on which a semiconductor wafer 13 is mounted. 

0087. In the present embodiment, a first carrier 31a is 
attached to the holder 30 on the side of the first and second 
drive shafts 11, 12, while a second carrier 31b is symmetri 
cally attached to the opposite side of the holder 30. In this 
way, the transport apparatus can carry two Semiconductor 
waferS 13 at a Same time. 

0088. In the present embodiment, the holder 30 of the 
articulating mechanism 3 includes an attitude control 
mechanism 4 that is described below. 

0089 Referring to FIG. 3A, this attitude control mecha 
nism 4 has first to third cylindrical restraint pulleys 41, 42 
and 43. 

0090 The first restraint pulley 41 is fixed to the end of the 
third arm 23 on the side opposite to the side where the first 
arm 21 is connected. This pulley rotates around a Spindle 
33a mounted on, for example, the upper part of the holder 
30. This first restraint pulley 41 allows the third arm 23 to 
rotate in parallel to the plane including a transport line L, 
which will be described later. 

0.091 Meanwhile, the second restraint pulley 42 is fixed 
to the end of the fourth arm 24 on the side opposite to the 
Side where the Second arm 22 is connected. This pulley 
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rotates around a spindle 34a mounted on, for example, the 
lower part of the holder 30. This second restraint pulley 42 
allows the fourth arm 24 to rotate in parallel to the plane 
including the transport line, L. 

0092. These first and second restraint pulleys 41, 42 are 
arranged coaxially sharing the same rotary axis O. 
0093. The third restraint pulley 43 is configured to rotate 
around a spindle 35a in the holder 30, away at a predeter 
mined distance from the first and Second restraint pulleys 41, 
42. 

0094. The rotary axis O of the third restraint pulley 43 is 
configured to be parallel with the rotary axis O of the first 
and Second pulleys 41, 42. 

0.095 The first to third restraint pulleys 41, 42, and 43 
have the same diameter. 

0096 Referring to FIGS. 3A and 3B, a restraint belt 44 
is wound around the first restraint pulley 41 and the third 
restraint pulley 43. The restraint belt 44 is fixed on the first 
and third restraint pulleys 41, 43 by a, e.g., fastening Screw 
45. The above configuration makes the first restraint pulley 
41 and the third restraint pulley 43 rotate synchronously in 
phase. 

0097. On the other hand, as shown in FIGS. 3A and 3C, 
a pair of restraint belts 46, 47 are looped across the second 
pulley 42 and the third pulley 43 so as to substantially form 
a letter of “8”. These restraint belts 46, 47 are fixed on the 
Second and third restraint pulleys 42, 43 by a fastening Screw 
48, for example. This configuration makes the Second 
restraint pulley 42 and the third restraint pulley 43 rotate 
Synchronously with opposite phases. 

0098. In the present embodiment of such a configuration, 
when the third arm 23 is rotated by an angle 0 in the given 
direction, the rotary force is transmitted via the first restraint 
pulley 41 and the restraint belt 44 keeping the same phase to 
the third restraint pulley 43, while the rotary force of the 
third restraint pulley 43 is transmitted via the restraint belts 
46, 47 with the opposite phase to the second restraint pulley 
42. As a result, the fourth arm 24 fixed to the second restraint 
pulley 42 rotates in the direction opposite to the third arm 23 
by an angle 0. 

0099. The operation mechanism of the present embodi 
ment is now explained below. 

0100 When the first drive shaft 11 and the second drive 
shaft 12 are rotated by a predetermined angle 0 in the 
opposite direction So that the angle made by the first arm 21 
and the Second arm 22 decreases from 180 degrees, which 
is the angle made at the dead point, the first arm 21 and the 
Second arm 22 rotate by the same angle 0 in the opposite 
direction. 

0101. In this case, since the first to fourth arms 21-24 
form a link mechanism and the first to fourth arms 21-24 
have the same length, the third arm 23 rotates the predeter 
mined angle 0 around the spindle 33a of the first restraint 
pulley 41, while the fourth arm 24 rotates in the opposite 
direction by the angle 0 around the spindle 34a of the second 
restraint pulley 42. 
0102) As a result, the spindles 33a, 34a of the first and 
Second restraint pulleys 41, 42 move on a line L (hereafter, 
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transport line), that connects the center of the first and 
second drive shafts 11, 12 and the center of the spindles 33a, 
34a (see FIG. 2). 
0103) In this case, since the third arm 23 and the fourth 
arm 24 have rotated with opposite phases by the same angle 
0, the holder 30 of the articulating mechanism 3 does not 
rotate around the supporting shafts 33a, 34a. Therefore, the 
carrier 31 attached to the holder 30 moves straight on 
transport line L. 

0104 Meanwhile, in order to return the carrier 31 to the 
original position, the first drive shaft 11 and the second drive 
shaft 12 are rotated in the direction opposite to that described 
above by the predetermined angle 0. Then, the operation 
(reverse to the above operation) is performed; and the first 
and Second arms 21, 22 return to the dead point. 
0105. On the other hand, when the first drive shaft 11 and 
the Second drive shaft 12 are rotated in the same direction, 
the carrier 31 rotates in the same direction around the first 
drive shaft 11 and the second drive shaft 12. 

0106 The description that follows is the explanation of 
the carrier 31 passing the dead point in the present embodi 
ment. 

0107 This embodiment assumes a situation in which the 
angle formed by the first arm 21 and the second arm 22 
becomes a little Smaller than 180 degrees which is the angle 
formed at the dead point. 

0108. In this situation, the first drive shaft 11 is rotated by 
an angle 0 in a given direction and the Second drive Shaft 12 
is rotated by the Same angle 0 in the opposite direction to 
increase the angle formed by the first arm 21 and the Second 
arm 22. 

0109). At this time, the third arm 23 and the fourth arm 24 
are provided with rotary forces in opposite direction to each 
other. In addition, the rotation angle of the third arm 23 
relative to the first arm 21 and the rotation angle of the fourth 
arm 24 relative to the Second arm 22 are twice as large as the 
rotation angle of the first arm 21 and the rotation angle of the 
second arm 22, respectively. Therefore, the third arm 23 and 
the fourth arm 24 rotate against the first arm 21 and the 
Second arm 22, and then the carrier 31 Smoothly passes the 
dead point. 

0110 FIGS. 4A-4D and FIGS. 5A-5C are diagrams 
illustrating the operation of replacing a treated Semiconduc 
tor wafer by a untreated Semiconductor wafer in the vacuum 
processing chamber according to the embodiment of the 
invention. 

0111 FIG. 4A shows a situation in which an untreated 
semiconductor wafer 13a is mounted on the first carrier 31a 
and no Semiconductor wafer is on the Second carrier 31b. 

0112 First, the first to fourth arms 21-24 being located at 
the dead point, are rotated, and the Second carrier 31b is 
directed to the treated semiconductor wafer 13b that has 
been placed in a predetermined position in the vacuum 
processing chamber (not shown). 
0113) Next, as shown in FIG. 4B, the arm 20 is extended 
to move the Second carrier 31b to a wafer eXchange position 
50 and as shown in FIG. 4C, the arm 20 is returned to the 
initial position carrying the treated Semiconductor wafer 13b 
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on the Second carrier 31b. In this condition, the Semicon 
ductor wafers 13, 13a are mounted on the first and second 
carriers 31a, 31b. 

0114. Then, referring to FIG. 4D and FIG. 5A, the arm 
20 is rotated by 180 degrees, pointing the first carrier 31a to 
the wafer exchange position 50, and the arm 20 is extended 
to move the first carrier 31a to the wafer exchange position 
50. 

0115. After that, as shown in FIG. 5B, after the untreated 
semiconductor wafer 13a has been left in the wafer 
exchange position 50, the first carrier 31a is returned to the 
initial position as shown in FIG. 5C. 
0116. As described above, the configuration of the 
embodiment according to the first embodiment of this inven 
tion makes the minimum turning radius provided when the 
first to fourth arms 21-24 are located at the dead point 
Smaller than that attained by the prior art, because the drive 
shafts 11, 12 of the first and Second arms 21, 22 are arranged 
coaxially. 

0.117) Further, in the present invention, since the spindles 
33a, 34a in the ends of the third and fourth arms 23, 24 are 
also arranged coaxially, the rotary force of the drive shafts 
11, 12 can be transmitted to the third and fourth arms 23, 24 
without employing a complex correction mechanism for 
changing arm length. As a result, it becomes possible to 
move fast the first to fourth arms 21-24 with a simple 
configuration. 

0118 Yet further, in the present invention, since the 
spindles 33a, 34a on the ends of the third and fourth arms 
23, 24 are provided with the rotary forces with opposite 
phases, it becomes possible to move the carrier 31 attached 
to the holder 30 of the articulating mechanism 3 straight 
along the given transport line L, with no rotation and to 
move the carrier 31 smoothly at the dead point and its 
vicinity. 

0119 FIG. 6 is a sectional view of another example of 
the attitude control mechanism according to the present 
invention. 

0120 Referring to FIG. 6, in this embodiment, a first 
bevel gear 51 is fixed to the end of the third arm 23 on the 
opposite Side of its end connected to the first arm 21, and this 
first bevel gear 51 can rotate around the spindle 33a which 
is installed on, for example, the upper part of the holder 30. 
The third arm 23 is rotated in parallel to the plane including 
transport line L by the first bevel gear 51. 
0121 A second bevel gear 52 is fixed to the end of the 
fourth arm 24 on the opposite Side of its end connected to the 
Second arm 22, and this Second bevel gear 52 can rotate 
around the Spindle 34a which is installed on, for example, 
the lower part of the holder 30. The fourth arm 24 is rotated 
in parallel to the plane including transport line L by the 
second bevel gear 52. 
0.122 These first and second bevel gears 51, 52 are 
arranged coaxially sharing the same rotation axis O. 

0123. Further, a third bevel gear 53, which can rotate 
around the Spindle 36a installed orthogonal to the Spindles 
33a, 34a, is installed on, for example, the inner wall 30a of 
the holder 30. This third bevel gear 53 engates with the 
above-mentioned first and second bevel gears 51, 52. 
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0.124. This configuration provides rotary forces with 
opposite phases to the third and fourth arms 23, 24. 

0125. In the present embodiment, the holder 30 of the 
articulating mechanism 3 does not rotate around the Spindles 
33a, 34a. Thus the carrier 31 attached to the holder 30 of the 
articulating mechanism 3 can precisely move Straight on 
transport line L. 

0.126 FIG. 7 is a sectional view of another example of 
the attitude control mechanism according to the present 
invention. 

0127. Referring to FIG. 7, in this embodiment, first and 
Second crown gears 61, 62 and a pinion gear 63 are used in 
combination instead of the bevel gears 51-53 shown in FIG. 
6 so that the third arm 23 and the fourth arm 24 are provided 
with rotary forces with opposite phases. 

0128. In the present embodiment as well, the holder 30 of 
the articulating mechanism 3 does not rotate around the 
spindles 33a, 34a. Thus, the carrier 31 attached to the holder 
30 of the articulating mechanism 3 can precisely move 
Straight on transport line L. 

0129 FIGS. 8A-8C are sectional views of another 
example of the attitude control mechanism according to the 
present invention. 

0130 Referring to FIGS. 8A-8C, a first spur gear 71 is 
fixed to the end of the third arm 23 on the opposite side of 
its end connected to the first arm 21, and this first spur gear 
71 can rotate around the spindle 33a which is installed on, 
for example, the upper part of the holder 30. The third arm 
23 is rotated in parallel to the plane including transport line 
L by the first spur gear 71. 

0131) A second spur gear 72 is fixed to the end of the 
fourth arm 24 on the opposite Side of its end connected to the 
Second arm 22, and this Second Spur gear 72 can rotate 
around the Spindle 34a which is installed on, for example, 
the lower part of the holder 30. The fourth arm 24 is rotated 
in parallel to the plane including transport line L by the 
Second Spur gear 72. 

0132) These first and second spur gears 71, 72 are coaxi 
ally arranged Sharing the same rotation axis O. 

0133. Further, a third spur gear 73 that goes into engage 
ment with the first Spur gear 71 is installed on the upper part 
of the holder 30, while a fourth spur gear 74 that goes into 
engagement with the Second spur gear 72 and the third spur 
gear 73 is installed on the lower part of the holder 30. 
0134) The engagement of these first to fourth spur gears 
71-74 provides rotary forces with opposite phases to the 
third and fourth arms 23, 24. 

0135) In the present embodiment as well, the holder 30 of 
the articulating mechanism 3 does not rotate around the 
spindles 33a, 34a. Thus the carrier 31 attached to the holder 
30 of the articulating mechanism 3 can move Straight 
precisely on transport line L. 

0.136 FIG. 9 is a plan view illustrating the configuration 
of another embodiment of the transport apparatus according 
to the present invention. In the description that follows, the 
common parts are denoted by the Same reference numerals 
and their detailed explanation is not repeated. 
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0.137 Referring now to FIG. 9, the transport apparatus of 
the present embodiment has a separate power transmission 
mechanism 8 in the second and third arms 22, 23. 

0.138. In other words, a first pulley 81 is coaxially fixed 
to the spindle 23a of the third arm 23, while a second pulley 
82 is coaxially fixed to the drive shaft 12 of the second arm 
22. The diameter of the second pulley 82 is the same as that 
of the first pulley 81. 
0.139. These first and second pulleys 81, 82 are wound by 
a drive belt 83 and this drive belt 83 is fixed by a screw (not 
shown) on the first and second pulleys 81, 82. 
0140. The power transmission mechanism 8 of this con 
figuration provides the third arm 23 in the same phase with 
the rotary force of the second drive shaft 12 for driving the 
Second arm 22. 

0.141. In the present embodiment, in addition to the 
effects described in the previous embodiments, a Smoother 
and more quick operation becomes possible because the 
power of the driving sources M1, M2 is efficiently trans 
mitted to the arms 21-24 by the power transmission mecha 
nism 8. The other structures and effects, which are all the 
Same as those described in the previous embodiments, are 
not explained again here. 

0.142 FIG. 10 illustrates the configuration of another 
embodiment of the present invention. In the above embodi 
ment, the first and second carriers 31a, 31b carry two 
Semiconductor waferS 13 at the Same time. This invention, 
however, is applicable to transport apparatuses that carry 
one Semiconductor wafer. 

0.143 As shown in FIG. 10, in the present embodiment, 
the carrier 32 may be attached to one side in the direction of 
the movement of the holder 30, and this carrier 32 can carry 
a single Semiconductor wafer 13. 

0144. In this case, the carrier 32 may be attached to front 
side or back side in the direction of the movement of the 
holder 30. 

0145 However, for use in multi-chamber systems, the 
carrier 32 may be provided to the front side relative to the 
moving direction of the holder 30, so that the moving 
distance becomes Short. 

0146 According to the present embodiment of Such 
configuration, it is possible to make the minimum turning 
radius Smaller than that of the prior art when the first to 
fourth arms 21-24 are located in the dead point as the case 
of the above embodiment. 

0147 In particular, this embodiment is effective to down 
Size the transport apparatus because it can make the turning 
radius of the carrier 32 small. The other configurations and 
resulting effects are not repeated here because they are the 
Same as those described So far. 

0.148. It will be apparent to a person skilled in the art that 
various modifications to the details of construction shown 
and described may be made without departing from the 
Spirits of this invention. 
014.9 For example, it is possible to use sprocket wheels 
and chains instead of the pulleys and belts used in the 
above-mentioned attitude control mechanism. 
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0150 FIG. 11 is a plan view illustrating the preferred 
Structure of a transport apparatus of another embodiment 
according to the second embodiment of this invention. FIG. 
12 is a Side view illustrating the Schematic Structure of the 
transport apparatus, seen from direction Y in FIG. 11. 
Hereafter, the common parts to the first embodiment of this 
invention are denoted by the Same reference numerals and 
detailed explanations thereof is not repeated. 
0151 Referring now to FIG. 11 and FIG. 12, the trans 
port apparatus 2 according to the present invention has a first 
drive shaft 11 and a second drive shaft 12 which are 
coaxially arranged. These drive shafts 11, 12 rotate in the 
clockwise and counterclockwise directions, being driven by 
two independent driving sources M1, M2 respectively. 

0152. A first arm 21 is fixed to the first drive shaft 11, 
while a second arm 22 is fixed to the second drive shaft 12. 

0153. Third and fourth arms (a pair of driven arms) 23, 24 
are mounted at the ends of the first and Second arms(a pair 
of driving arms) 21, 22 with bearings(not shown), for 
example, So that the third and fourth arms 23, 24 can 
Smoothly rotate around Spindles 23a, 24a. 
0154) These third and fourth arms 23, 24 are coupled to 
each other at their ends So that their ends can Smoothly rotate 
around a spindle 27 that will be described later. 
O155 These first to fourth arms 21-24 are made of a 
aluminum alloy or the like of which linear expansion 
coefficient lies in between 23x10 and 24x10/°C.) and 
have the same length(length between the joints), providing 
a first parallel link mechanism 1A. 
0156. In the case of the present embodiment, a dead point 
escape mechanism 25 is installed in either of the first and 
Second arms 21, 22, for example, the Second arm 22, and in 
either of the third and fourth arms 23, 24, for example, the 
third arm 23. 

O157 This dead point escape mechanism 25 has a link 
member 25a, a first link receiver 25b and a second link 
receiver 25c. The link member 25a is made of the same 
material as that used in the first to fourth arms 21, 22, 23 and 
24, and is the same as those arms in length. The first link 
receiver 25b is fixed in a predetermined position of the 
Second arm 22 So as to protrude from the Second arm 22 
toward the third arm 23. The second link receiver 25c is 
fixed in a predetermined position of the third arm 23 
protruding in the same direction as the first link receiver 25b. 
0158. The link member 25a is supported at its ends by a 

first pin 25d and a second pin 25e which are mounted in the 
first link receiver 25b and the second link receiver 25c, 
respectively. 

0159. The first pin 25d is located on straight line L3 
inclined clockwise by a mounting angle C. relative to the 
centerline L1 on the Second arm 22 extending from the 
center of the second drive shaft 12 to the spindle 24a. At the 
Same time, the first pin 25d is arranged at a position Spaced 
apart by a length corresponding to a mounting length ratio 
from the second drive shaft 12. 

0160 Meanwhile, the second pin 25e is located on 
Straight line L4 inclined clockwise by C. mounting angle C. 
relative to the centerline L2 on the third arm 23 extending 
from the center of the spindle 23a to the spindle 27. At the 
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Same time, the Second pin 25e is arranged at C. position 
Spaced apart by a length corresponding to the same mount 
ing length ratio from the Spindle 23a. 
0.161 In this way the first and second pins 25d, 25e make 
the distance between the joints of the link member 25a the 
Same as the length of the arm of the first parallel link 
mechanism 10A. The link member 25a along with the first 
arm 21 constitutes a second parallel link 10B via the first pin 
25d on the second arm 22 and the second pin 25e on the third 
arm 23. 

0162. In the case of the present embodiment, the mount 
ing angle C. and the mounting length ratio should be within 
the +20-40 degrees range for C. and within /S-/3 of the 
mounting length ratio, from the Viewpoint Such as the 
required torque for the driving sources M1, M2. 
0163 The appropriate ranges of C. and can be provided by 
a specific numerical analysis, with arm length, arm weight, 
driving torque of the drive Shaft, friction in the Spindle and 
other factors being Set as parameters. Unless the positions of 
the first pin 25d and the second pin 25e are adjusted so that 
the mounting angle C. and mounting length ratio fall within 
the above ranges, there will be a problem that the torque of 
the driving sources M1, M2 must be raised. 
0.164 FIG. 13A is a side sectional view illustrating the 
attitude control mechanism of the articulating mechanism 
according to the present embodiment; FIG. 13B is a sec 
tional view taken along the C-C line in FIG. 13A, and FIG. 
13C is a sectional view taken along the D-D line in FIG. 
13A. 

0.165. In the present embodiment, under the holder 30 of 
the articulating mechanism 3, an attitude control mechanism 
9 described below is arranged. 
0166 As shown in FIG. 13A, the attitude control mecha 
nism 9 has spindles 27, 28 and first to third cylindrical 
restraint pulleys 91, 92, and 93. 
0.167 The spindle 27 is fixed in the position on centerline 
L5 of the holder 30 and distant equally from the first carrier 
31a and the second carrier 31b, Supporting the third arm 23 
and the fourth arm 24 through their ends. The centerline L5 
of the holder 30 connects the centers of the first carrier 31a 
and the second carrier 31b. Meanwhile, the spindle 28 is 
fixed in the position in parallel to the spindle 27 so that it is 
distant from centerline L5 of the holder 30 and is distant 
equally from the first carrier 31a and the second carrier 31b. 
0168 The first restraint pulley 91 is fixed at the end of the 
third arm 23, where the spindle 27 penetrates. The second 
restraint pulley 92 is fixed at the end of the fourth arm 24, 
where the spindle 27 penetrates. The third restraint pulley 93 
(rotator) is Supported So that it may rotate with no restriction 
around the spindle 28. 
0169. The diameters of those first to third restraint pull 
leys 91, 92 and 93 are all the same. 
0170 Referring to FIGS. 13A and 13B, an endless 
restraint belt 94 is wound around the first restraint pulley 91 
and the third restraint pulley 93. This restraint belt 94 is fixed 
on the restraint pulleys 91, 93 by a fastening screw 95, for 
example. 

0171 On the other hand, as shown in FIGS. 13A and 
13C, a pair of restraint belts 96, 97 are looped across over 
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the second restraint pulley 92 and the third restraint pulley 
93. These restraint belts 96, 97 are fixed on the second and 
third restraint pulleys 92, 93 by a, e.g., fastening screw 95. 
0172 The above configuration makes the first restraint 
pulley 91 and the third restraint pulley 93 rotate in the same 
direction as much as the same rotation. Meanwhile, the 
second restraint pulley 92 and the third restraint pulley 93 
rotate in the opposite direction as much as the same rotation. 
0173 FIG. 14 illustrates the operation of the first parallel 
link mechanism and the dead point escape mechanism 
(Second parallel link mechanism) according to the present 
embodiment. In FIG. 14, the second and third link members 
22A, 23A are temporarily mounted on both ends of the link 
member 25a of the second parallel link mechanism 10B for 
convenience of explanation. Actually, these link members 
22A, 23A are replaced by the first link receiver 25b of the 
Second arm 22 and the second link receiver 25c of the third 
arm 23. 

0.174 Next, the operation of the present embodiment will 
be explained in reference to FIG. 11 and FIG. 14. 
0175 First, as shown in FIG. 14A, when the first drive 
shaft 11 and the second drive shaft 12 in the first parallel link 
mechanism 10A are rotated by a predetermined angle 0 in 
the opposite direction So that the angle made by the first arm 
21 and the Second arm 22 increases toward 180 degrees, 
which is the angle made when they exist on deadline L6 
connecting the dead points at both ends, the first arm 21 and 
the Second arm 22 rotate by the same angle 0 in the opposite 
direction. 

0176) Then driven by the first parallel mechanism 10A, 
as the first and second arms 21, 22 rotate, the third arm 23 
rotates by an angle 0 around the spindle 27, while the fourth 
arm 24 rotates by the same angle 0 in the opposite direction 
of the third arm 23 around the spindle 27. 
0177. In the attitude control mechanism 9, the third 
restraint pulley 93 moves in the same direction of the first 
restraint pulley 91 and in the opposite direction of the second 
restraint pulley 92 by the same amount of rotation. 
0178. In other words, in the attitude control mechanism 9, 
the movement of the spindle 28 is restricted when the 
spindle 27 moves along with the rotation of the third arm 23 
and the fourth arm 24 so that the spindle 28 moves along 
centerline L5 connecting the spindle 27 and the center of the 
holder 30. At the same time, centerline L5 of the holder 30 
is aligned on transport line L7 connecting the first and 
second drive shafts 11, 12 and the spindle 27, which is the 
bisector of the angle formed by the third arm 23 and the 
fourth arm 24. Namely, the attitude of the holder 30 is 
controlled to be symmetric along transport line L7 by 
aligning it on the same transport line L7. 

0179. As a result, the carrier 31 attached to the holder 30 
of the articulating mechanism 3 moves Straight on transport 
line L7. When returning the carrier 31 of the holder 30 to the 
original position, the first drive shaft 11 and the second drive 
shaft 12 are rotated in the direction opposite to that described 
above. 

0180. Meanwhile, in the second parallel link mechanism 
10B (dead point escape mechanism 3), the second link 
member 22A and the third link member 23A of the link 
member 25a rotate keeping the mounting angle C. against the 
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Second arm 22 and the third arm 23, respectively, when the 
first and Second arms 21, 22 rotate. 
0181. Hereafter, the operation of the carrier 31 when it 
passes deadline L6 in the configuration according to the 
present embodiment is described. 
0182 Referring to FIGS. 14B and 14C, when the angle 
formed by the first arm 21 and the second arm 22 becomes 
180 degrees, the angle formed by the third and fourth arms 
23, 24 also becomes 180 degrees, controlled by the parallel 
link mechanism. Then all the first to fourth arms 21, 22, 23 
and 24 are aligned on the same Straight line. 
0183 In this situation, since the holder 30 has no initial 
velocity and the arm lengths of all first to fourth arms 21, 22, 
23 and 24 are equal, the holder 30 cannot move back or forth 
Staying right above the first and Second drive shafts 11, 12 
even if the first and second drive shafts 11, 12 are rotated in 
the first parallel link mechanism 10A. In other words, the 
first arm 21 and the third arm 23 rotate in the same direction 
and the second arm 22 and the fourth arm 24 rotate in the 
same direction as well, the holder 30 cannot leave deadline 
L6. 

0184. However, since the second parallel link mechanism 
10B is installed with a given tilt angle against the first 
parallel link mechanism 10A, the rotary force of the second 
drive shaft 12 is transmitted to the third arm 23 through the 
second parallel link mechanism 10B. 
0185. Then, as shown in FIG. 14D, the carrier 31 of the 
holder 30 passes deadline L6 and proceeds straight forward 
along transport line L7. 
0186 Note that the relationship between the first link 
mechanism 10A and the second link mechanism 10B situ 
ated at the dead point is the same as the above, even if the 
angle made by the first arm 21 and the Second arm 22 
becomes zero or 360 degrees and the first to fourth arms 
21-24 are all aligned on the same transport line L7. On the 
other hand, when the second parallel link mechanism 10B 
reaches the dead point, in other word, when the link member 
25a and the first arm 21 are aligned on the Same Straight line, 
the movement of the holder 30 is not affected at all, because 
the first parallel link mechanism 10A is not situated at the 
dead point. 
0187. In the present invention, the operation of replacing 
a treated Semiconductor wafer by an untreated Semiconduc 
tor wafer in the vacuum processing chamber is as shown in 
FIGS. 4A-4D and 5A-5C. 

0188 FIG. 15 illustrates another embodiment of the 
present invention. 
0189 In the aforementioned embodiment, the first and 
second carriers 31a, 31b carry two semiconductor wafers 13 
at the same time. However, it is possible to apply this 
invention to transport apparatuses that carry a single Semi 
conductor wafer. 

0190. In the present embodiment, as shown in FIG. 15, 
the holder 30 has a carrier 32 on one side in its moving 
direction and this carrier 32 can accept a single Semicon 
ductor wafer 13 thereon. 

0191 In this case, the carrier 32 may be installed on 
either Side, front Side or back Side, along the moving 
direction of the holder 30. However, for use in multi 
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chamber Systems, it is preferable to install the carrier 32 on 
the front side of the moving direction of the holder 30, so 
that the moving distance becomes short. 
0.192 According to the configuration of the above 
embodiment, it is possible to provide a transport apparatus 
that can ensure the Straight movement of the Substrate with 
no increase in the number of necessary components or 
complexity in assembly and adjustment, eliminating the 
influence of the dead point escape mechanism upon the 
attitude control mechanism. 

0193 In particular, this embodiment is effective to down 
Size the transport apparatus because it can make the turning 
radius of the carrier Small. The other configurations and 
resulting effects are not repeated here because they are the 
Same as those described So far. 

0194 The invention is not limited only to the above 
embodiments, and can be modified appropriately. 
0.195 For example, in the above embodiment, the second 
parallel link mechanism 10B is installed in the first parallel 
link mechanism 10A. However, it is possible to make the 
second parallel link mechanism 10B separate from the first 
parallel link mechanism 10A, extending the arms from the 
drive shafts 11, 12, which have been coupled with pins at 
both ends of the link member 25a in the above embodiment. 

0196. This configuration has an advantage in that it is not 
necessary to take into account the influence of the dimen 
Sional change of the link member 25a caused by external 
forces and heat upon the first parallel link mechanism 10A. 

0197). In the above embodiment, the link member 25a is 
added in between the first, second and third arms 21, 22 and 
23 to form the second link mechanism 10B. However, it is 
possible in this invention to form the Second link mechanism 
10B by adding the link member 25a in between the first, 
Second and fourth arms 21, 22 and 24. 

0198 Further in the above embodiment, the spindle 27 of 
the attitude control mechanism 9 is positioned on transport 
line L7. However, the spindles 27, 28 may be positioned 
symmetrically across centerline L5 of the holder 30. Then 
the holder 30 can move straight with higher precision, 
provided that changes in length due to heat are controlled to 
be uniform. 

0199 The restraint belts used in the attitude control 
mechanism may be replaced by wires. 
0200. The transport apparatus according to the present 
invention may be applied to a variety of apparatuses includ 
ing vacuum processing Systems and modifications, improve 
ments, and combinations can be made with departing from 
the Scope of this invention. 
0201 AS pointed out above, according to the invention, it 
is possible to provide a transport apparatus having a simple 
configuration that can reduce its turning radius and transport 
Semiconductor devices at high Speed. 
0202 Additionally, according to the invention, it is pos 
Sible to provide a transport apparatus that can ensure the 
Straight movement of the Substrate with no increase in the 
number of necessary components or complexity in assembly 
and adjustment, eliminating the influence of the dead point 
escape mechanism upon the attitude control mechanism. 
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1-10. (canceled) 
11: A transport apparatus for transporting Substrates, the 

apparatus comprising: 

a first link mechanism formed by a pair of drive arms 
having respective drive shafts arranged at respective 
first ends thereof, the drive shafts being arranged coaxi 
ally and rotatable in opposite Senses, and a pair of 
driven arms rotatably coupled to respective Second 
ends of the paired drive arms, 

an attitude control mechanism having a rotary member 
rotatable relative to Spindles coaxially Supporting the 
respective Second ends of the paired driven arms and 
adapted to transmit rotary motions of the paired driven 
arms to the rotary member at a Same rate in opposite 
Senses, and 

a dead point escape mechanism having a Second link 
mechanism formed by a link member of a predeter 
mined length and a pair of arm Sections rotatably 
coupled to the opposite ends of the link member, one of 
the arm Sections being connected to the drive shaft with 
a predetermined angle of inclination relative to the 
paired drive arms. 

12: The transport apparatus according to claim 11, 
wherein the paired drive arms and the paired driven arms of 
the first link mechanism show a Same and identical inter 
joint distance and a link member of the Second link mecha 
nism has an inter-joint distance same as an inter-joint 
distance of the first link mechanism and is arranged in 
parallel with one of the paired drive arms. 

13: The transport apparatus according to claim 11, 
wherein the Second link mechanism includes either one of 
the paired drive arm and either one of the paired driven arms. 

14: The transport apparatus according to claim 11, 
wherein the arm Sections of the Second link mechanism have 
a length ratio between /S and /3 to a paired drive arms of the 
first link mechanism and an angle of inclination between 20 
and 40. 

15: The transport apparatus according to claim 11, further 
comprising: a holder for holding the Substrates, the holder 
having a plurality of holding Sections, the rotary member of 
the attitude control mechanism being located at a position 
Separated from the holding Sections by a Same distance. 

16. (canceled) 
17: A vacuum processing System comprising: 

a vacuum processing chamber; and 

a transport apparatus for conveying Substrates in a 
Vacuum processing chamber; 

the transport apparatus comprising: 

a first link mechanism formed by a pair of drive arms 
having respective drive shafts arranged at respective 
first ends thereof, the drive shafts being arranged coaxi 
ally and rotatable in opposite Senses, and a pair of 
driven arms rotatably coupled to respective Second 
ends of the paired drive arms, 

an attitude control mechanism having a rotary member 
rotatable relative to Spindles coaxially Supporting the 
respective Second ends of the paired driven arms and 
adapted to transmit rotary motions of the paired driven 
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arms to the rotary member at a Same rate in opposite coupled to the opposite ends of the link member, one of 
Senses, and the arm sections being fixed to the drive shaft with a 

a dead point escape mechanism having a Second link Reined angle of inclination relative to the paired 
mechanism formed by a link member of a predeter 
mined length and a pair of arm Sections rotatably k . . . . 


