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(57) ABSTRACT 

An articulated robot comprises a movable ?rst transferring 
portion and a second transferring portion movably supported 
in relation to the movable ?rst transferring portion by a joint 
portion. A workpiece is positioned at a position, where a 
workpiece positional deviation detecting means is located, 
by a hand portion formed at an end of the second transferring 
portion. The workpiece positional deviation detecting means 
detects the amount of deviation in the position of the 
workpiece. A positioning portion of the workpiece and a 
sensor portion for detecting deviations of the workpiece are 
formed either at the ?rst transferring portion of the second 
transferring portion which form the articulated robot. A 
detecting operation by the sensor portion and transferring of 
the ?rst and second transferring portions are enabled when 
the workpiece is positioned at the positioning portion of the 
articulated robot. 
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ARTICULATED ROBOT 

BACKGROUND OF THE INVENTION 

[0001] a) Field of the Invention 

[0002] The present invention relates to an articulated 
robot. Furthermore, the present invention relates to an 
articulated robot Which transfers a workpiece, such as a 
semiconductor Wafer. 

[0003] b) Description of the Related Art 

[0004] An articulated robot is used for transferring a 
Workpiece such as a semiconductor Wafer from a cassette to 
a processing device for photo lithography, deposition and 
etching. For eXample, as shoWn in FIG. 16(A), articulated 
robot 100 comprises base 101, ?rst arm portion 102, Which 
is rotatably supported by base 101, second arm 103, Which 
is rotatably supported by ?rst arm portion 102, and hand 
portion 104 Which is supported by the end of second arm 
103. 

[0005] Articulated robot 100 transfers Workpiece 107 
from cassette 105 to processing device 106. 

[0006] In the case Where a semiconductor Wafer is used as 
Workpiece 107, it is necessary to maintain the direction of 
Workpiece 107 for a thermal processing and deposition since 
the crystals of each semiconductor Wafer have a directional 
property. Therefore, it is required to keep all Workpieces 
107, . . . , 107 on processing device 106 in the same direction 

When they are transferred. 

[0007] For the above reasons, a mark, such as a notch and 
a D ?at, is formed at a given position on the edge of 
Workpiece 107 While a Workpiece rotating device, called 
aligner 18, having a means to detect the mark is formed, 
separate from cassette 105 and processing device 106 as 
shoWn in FIG. 16. As shoWn in Figures (A) through (C), 
Workpiece 107, Which is removed from cassette 105 by hand 
portion 104, is ?rst mounted on aligner 108 (Figure (D)); 
after the direction of the Workpiece is aligned in a given 
direction by turning it, Workpiece 107 is transferred to and 
mounted on processing device 106 in a given direction 
(Figures and 

[0008] HoWever, as shoWn in FIG. 17, if base 101 is 
formed such that Workpiece 107 can be transferred by 
sliding to each of processing devices 106, . . . , 106, Which 
are connected in parallel, the time required to transfer 
Workpiece 107 becomes longer. In other Words, it is neces 
sary for Workpieces 107, . . . , 107 to pass through aligner 

108 to align the Workpieces in one direction, and there is 
usually only one aligner 108 for tWo cassettes 105, 105 and 
a plurality of processing devices 106, . . . , 106. Therefore, 

if one Wants to transfer Workpiece 107 from loWer cassette 
105 to processing device 106 at the bottom in the ?gure, 
Workpiece 107 must pass through aligner 108; as a result, 
distance of transfer by robot 100 becomes longer such that 
it takes a longer time for Workpiece 107 to be transferred. 

[0009] Also, if one Wants to transfer Workpiece 107 from 
upper cassette 105 to processing device 106 at the top in the 
?gure, Workpiece 107 cannot be transferred until the orien 
tation for alignment by aligner 108 is complete; therefore, 
robot 100 shall be idling While the orientation is carried out. 

[0010] On the other hand, articulated robot 100, Which 
transfers a Workpiece such as a semiconductor Wafer from a 
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cassette to a processing device and vice versa, generally 
comprises tWo arms 102, 103 and hand portion 104, as 
shoWn in FIG. 18, such that Workpiece 107 can be trans 
ferred along a linear path. In the case of such an articulated 
robot 100, or articulated robot 100 having three arms 102, 
103, 113 as shoWn in FIG. 19, hand portion 104 holding 
Workpiece 107 is linearly transferred in the aXial direction of 
the hand portion such that Workpiece 107 can be transferred 
Without being rotated. 

[0011] There are knoWn transportation mechanisms such 
as a belt and pulley, in Which tWo arms 102, 103 can be 
formed to be mechanically connected, as a means to linearly 
move hand portion 104. Due to these mechanisms, articu 
lated robot 100 limits movements of arms 102, 103 (, 113). 
Additionally, each of Workpieces 107 mounted at various 
positions in a connected plurality of cassettes can be trans 
ferred from each position by being held by hand portion 104. 

[0012] HoWever, When hand portion 104 is transferred 
While the aXis of hand portion 104 passes through the 
vicinity of the rotational center of arm 102, that is, When the 
center of transferred Workpiece 107 shoWs a path passing the 
vicinity of rotational center 116, a rapid rotation of arm 102 
is required at rotational center 116 of arm 102, and such a 
position is called a singularity. As a result, an excessive load 
may be caused in the movement of arms 102, 103 of the 
above mechanism. In other Words, as shoWn in FIGS. 20(A) 
through (C), When support point 117 of hand portion 104 
passes the vicinity of rotational center (singularity) 116 of 
arm 102, each of arms 102, 103 are required to move around 
rotational center (singularity) 116 for about 180 degree. 
Additionally, if Workpiece 107 is transferred at a constant 
speed, each of arms 102, 103 must be rapidly and vigorously 
rotated such that unnatural movement Will be caused therein. 
This phenomena is also observed in articulated robot 100 
having three arms 102, 103, 113 and hand portion 104 as 
shoWn in FIG. 21. 

[0013] On the other hand, as shoWn in FIG. 22, articulated 
robot 100 having direct-acting mechanism 119 capable of a 
horiZontal transfer together With base 121 has been sug 
gested. According to this mechanism, horiZontal transfer of 
Workpiece 107 is possible While hand portion 104 is distant 
from rotational center 116 of arm 102. Consequently, hand 
portion 104 does not have to pass the vicinity of rotational 
center 116 of arm 102; thus, the above problems related to 
the generation of a singularity can be solved. Nonetheless, to 
form articulated robot 100 such that it is capable of a linear 
movement including base 121, a space for direct-acting 
mechanism 119 is needed. In addition to dust generated by 
direct-acting mechanism 119 during transfer, it is dif?cult to 
seal the dust inside the robot such that the robot is not able 
to be used in a clean room. 

OBJECT AND SUMMARY OF THE INVENTION 

[0014] Therefore, a primary object of the present inven 
tion is to improve the above problems Which an articulated 
robot to transfer a Workpiece, such as a semiconductor 
Wafer, conventionally has had. More speci?cally, the present 
invention intends to provide an articulated robot in Which 
Workpieces can be transferred While orientation of the 
Workpieces is carried out such that efficiency of transfer of 
Workpieces is improved. Another object is to provide an 
articulated robot in Which transfer of Workpieces can be 
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carried out Without unnatural movement in arms and gen 
eration of dust is minimized during transfer of workpieces. 

[0015] In accordance With the invention, an articulated 
robot comprises a movable ?rst transferring portion and a 
second transferring portion movably supported in relation to 
the movable ?rst transferring portion by a joint portion. A 
Workpiece is positioned at a position, Where a Workpiece 
positional deviation detecting means is located, by a hand 
portion formed at an end of the second transferring portion. 
The Workpiece positional deviation detecting means detects 
the amount of deviation in the position of the Workpiece. A 
positioning portion of the Workpiece and a sensor portion for 
detecting deviations of the Workpiece are formed either at 
the ?rst transferring portion of the second transferring 
portion Which form the articulated robot. A detecting opera 
tion by the sensor portion and transferring of the ?rst and 
second transferring portions are enabled When the Workpiece 
is positioned at the positioning portion of the articulated 
robot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 
[0017] FIG. 1 is a plan vieW shoWing an eXample of an 
articulated robot of the present invention; 

[0018] FIG. 2 is an oblique vieW of an aligner forming a 
Workpiece positional deviation detecting means; 

[0019] FIG. 3 is a graph shoWing the output of an optical 
measurement by a line CCD; 

In the draWings: 

[0020] FIG. 4 is an enlarged vieW of a circled area in FIG. 
3; 
[0021] FIG. 5 is a schematic draWing shoWing a calcula 
tion process for orientation of a Workpiece; 

[0022] FIG. 6 is a draWing shoWing a mechanism of 
detecting the center of a Workpiece; 

[0023] FIG. 7 is a plan vieW shoWing another eXample of 
an articulated robot of the present invention; 

[0024] FIG. 8 is a side vieW of the articulated robot shoWn 
in FIG. 7; 

[0025] FIG. 9 is a plan vieW shoWing yet another eXample 
of an articulated robot of the present invention; 

[0026] FIG. 10 is a plan vieW shoWing each arm portion 
and a hand portion of the articulated robot shoWn in FIG. 9; 

[0027] FIG. 11 is a side vieW shoWing the articulated 
robot shoWn in FIG. 9; 

[0028] FIG. 12 is a plan vieW shoWing a process of 
removing a Workpiece mounted in a cassette by the articu 
lated robot; 

[0029] FIGS. 13(A), 13(B) and 13(C) are plan vieWs 
shoWing different modes to transfer a Workpiece by the 
articulated robot With different offset lengths D in FIG. 
13(A) through FIG. 13(C); 

[0030] FIGS. 14(A) and 14(B) are plan vieWs shoWing 
another mode to transfer a Workpiece by the articulated 
robot; FIG. 14(A) is in the case of offset length D is other 
than Zero, and FIG. 14(B) is in the case of offset length D 
is equal to Zero; 
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[0031] FIG. 15 is a plan vieW shoWing another mode to 
remove a Workpiece mounted in a cassette by the articulated 

robot; 

[0032] FIGS. 16(A), 16(B), 16(C), 16(D), 16(E) and 16(F) 
are plan vieWs shoWing a process of removing a conven 
tional Workpiece from a cassette and transferring it via an 
aligner to a processing device in order of FIG. 16(A) 
through FIG. 16(F); 

[0033] FIG. 17 is a plan vieW shoWing a process of 
transferring a conventional Workpiece; 

[0034] FIG. 18 is a plan vieW shoWing a conventional 
articulated robot; 

[0035] FIG. 19 is a plan vieW shoWing a conventional 
articulated robot With three arms; 

[0036] FIGS. 20(A), 20(B) and 20(C) are plan vieWs 
shoWing a process of transferring a Workpiece in the vicinity 
of a singularity by the articulated robot shoWn in FIG. 18 in 
order of FIG. 20(A) through FIG. 20(C); 

[0037] FIGS. 21(A), 21(B) and 21(C) are plan vieWs 
shoWing a process of transferring a Workpiece in the vicinity 
of a singularity by the articulated robot shoWn in FIG. 19 in 
order of FIG. 21(A) through FIG. 21(C); and 

[0038] FIG. 22 is a plan vieW shoWing a conventional 
articulated robot having a mechanism for linear movements. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The folloWing describes a structure of the present 
invention for detail in relation to draWings. 

[0040] FIG. 1 shoWs an embodiment of an articulated 
robot of the present invention, more speci?cally, an articu 
lated robot Which can transfer Workpieces While carrying out 
orientation of Workpieces. Articulated robot 1 comprises a 
SCARA (Selective Compliance Assembly Robot Arm : 
horiZontal articulated) articulated transferring portion con 
sisting of ?rst transferring portion 2, second transferring 
portion 3, Which is transferred by ?rst transferring portion 2 
and Which itself moves, hand portion 4, Which supports 
Workpiece 20 transferred by second transferring portion 3. 
First transferring portion 2 is slide transferring portion 21 
Which transfers in the vertical direction in FIG. 1 and to 
Which second transferring portion 3 and hand portion 4 are 
rotatably connected via joint portions 23, 24. Slide transfer 
ring portion 21 is ?nearly transferred by a knoWn sliding 
mechanism (not shoWn in the ?gure) such that articulated 
robot 1 can be positioned in front of cassettes 5, 5 and 
processing devices 6, . . . , 6. Also, second transferring 

portion 3 comprises second arm 31 and third arm 32 Which 
is connected to second arm 31. Then, hand portion 4, formed 
at the end of second transferring portion 3, that is, the end 
of third arm 32, places Workpiece 20 at Workpiece positional 
deviation detecting means 13 such that the positional devia 
tion of Workpiece 20 can be detected. 

[0041] Positioning portion 8 for Workpiece 20 and sensor 
portion 10 to detect positional deviation of Workpiece 20 are 
formed on second transferring portion 3 of articulated robot 
1 (they may be formed on transferring portion 2). Hence, 
detection by sensor portion 10 and transfer by transferring 
portions 2 and 3 can be simultaneously carried out While 
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workpiece 20 is positioned at positioning portion 8 of 
second transferring portion 3. Sensor portion 10 is to detect 
notch 20a formed at a given position on the edge of 
Workpiece 20 (see FIG. 2). In articulated robot 1 of the 
present invention, in Which second transferring portion 3 
comprises second arm 31 and third arm 32, positioning 
portion 8 and sensor portion 10 may be formed on ?rst 
transferring portion 2 or may be formed on second arm 31 
as shoWn in FIG. 1. 

[0042] Positioning portion 8 is formed such that it is 
movable in the vertical direction as shoWn in FIG. 8 such 
that Workpiece 20 can be passed to hand portion 4; it is also 
formed such that Workpiece 20 can be ?xed on the upper 
surface. A means to ?x Workpiece 20 onto positioning 
portion 8 is not limited; a suction means is used herein. 
Therefore, When the center of Workpiece 20 is positioned 
straight above positioning portion 8 by hand portion 4, 
Which supports Workpiece 20, positioning portion 8 ascends 
such that it can receive Workpiece 20 by suction While it 
descends after the orientation as a given detection operation 
is complete; as a result, hand portion 4 supports Workpiece 
20 again. 

[0043] Furthermore, positioning portion 8 is formed to be 
movable independent of movements of transferring portions 
2 and 3. In other Words, a rotating means is formed on 
second arm 31 such that the orientation can be carried out at 
the positioning portion independent of movements of trans 
ferring portions 2, 3. This rotating means, as shoWn in FIG. 
2, is a turn table Which is driven by driving means 9 such as 
a motor. In addition, analyZer 11 is formed on second arm 31 
of articulated robot 1 to analyZe data obtained by sensor 
portion 10. Aligner 7 is formed of positioning portion 8, 
driving means 9, sensor portion 10 and analyZer 11. Aligner 
7 detects both rotational deviations and deviations of the 
central positions of Workpiece 20; therefore, in this embodi 
ment, it functions as Workpiece positional deviation detect 
ing means 13. Therefore, the folloWing discusses operation 
of aligner 7 by using an example; ?rst, an orientation 
function of aligner 7 is brie?y explained. 

[0044] Aligner 7 has an orientation function in Which it 
rotates Workpiece 20 and detects notch 20a (or a cut surface 
called orientation ?at) formed on the edge of Workpiece 20 
to align the direction and retained angle of all Workpieces 
20, . . . , 20. In the case of aligner 7 shoWn in FIG. 2, a turn 

table (spindle), stepping motor (including a decelerator) and 
a line CCD sensor are used as positioning portion 8, driving 
means 9 and sensor portion 10, respectively. The orientation 
function is structured such that optical measurement by 
sensor portion 10 and multiple-point analyses by analyZer 
11, including a microprocessor, are carried out While rotating 
positioning portion 8, in turn, rotating Workpiece 20. There 
fore, in order to perform the orientation of Workpiece 20 by 
using aligner 7, the positions of the outer edge surface of 
Workpiece 20 is detected at a 1 mm pitch by sensor portion 
10 While rotating Workpiece 20 mounted on turn table 8. In 
this case, the rotation of Workpiece 20 is maintained even 
after the detection of notch 20a on the outer edge of 
Workpiece 20 such that at least data for one complete 
rotation can be obtained (FIG. 3). At the same time as the 
above detecting operation, the obtained data are processed; 
for example, the point moved by 0.8 mm in relation to an 
average moving distance of 20 mm is determined as in the 
vicinity of notch 20a. Then, center 20c of Workpiece 20 is 
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calculated based on a data matrix consisting of four points 
(Pn_1, Pn, Pn+1, PMZ) in the vicinity of notch 20a as shoWn 
in FIG. 4. To calculate the above, ?rst, a slope caused by a 
deviation of the axis of Workpiece 20 is calculated using 
Pn’1 and Pn+2. Then, an angle 4) of notch 20a is calculated 
using PD and Pn+1 Which are positioned on the edge of notch 
20a formed as a right isosceles triangle. At the same time, 
positioning portion 8 is rotated such that the vicinity of notch 
20a is positioned at a given position as a reference. Fur 
thermore, a rotation of the Workpiece is performed for a 
small amount Which is calculated based on an estimated 

shape of notch 20a such that the retained position is ?nely 
corrected. As a result, notch 20a is shifted to a given position 
to be in a uniform direction such that the orientation is 
complete. FIG. 5 shoWs an example of a summary of the 
above calculation process in Which the process proceeds 
from the right to left. 

[0045] The folloWing explains a method to measure devia 
tions of Workpiece 20 from the center When Workpiece 20 is 
mounted on positioning portion 8 by using the data obtained 
by sensor portion 10. The data obtained from the above 
optical measurement by the line CCD sensor 10 is used for 
this detection of positional deviations; hoWever, the data 
regarding notch 20a used for the orientation are supposed to 
be erased in advance. First, as shoWn in FIG. 6, tWo points 
P1 and P2, Which are apart from each other by about 180 
degree on the circumference of Workpiece 20, are arbitrarily 
selected. Here, it is de?ned that a straight line betWeen the 
tWo points is N1 and a normal line passing through middle 
point M1 betWeen P1 and P2 (that is, a bisector perpendicu 
lar to line P1P2) is N2. Furthermore, other tWo points P3, P4 
are selected in the same manner Wherein a straight line 
betWeen P3 and P4 is de?ned as N3 and a normal line 
passing through middle point M2 betWeen P3 and P4 is 
de?ned as N4. In this case, the interception point of N3 and 
N4 is center 20c of Workpiece 20 to be calculated. Also, the 
center of positioning portion 8 is knoWn in advance such that 
once center 20c is calculated, the deviation amount of the 
Workpiece from the center of positioning portion 8 can be 
obtained. Detection of positional deviation 8 can be ?nished 
at this point; hoWever, it is desirable to perform more 
accurate detection by averaging the values obtained from 
several times of the above analyses for the entire circum 
ference of Workpiece 20. 

[0046] According to articulated robot 1 of the present 
invention With the above structure, it is possible to perform 
both detection of positional deviations of Workpiece 20 
While Workpiece 20 is mounted at positioning portion 8 and 
transfer of Workpiece 20 by transferring portion 3. In other 
Words, the orientation function to rotate Workpiece 20, that 
is, detection of positional deviations of Workpiece center 20c 
by using the resulting data and movements of ?rst transfer 
ring portion 2 and rotations of second arm 31 to transfer 
Workpiece 20 can be independently performed simulta 
neously. Therefore, unlike a conventional robot, it is not 
necessary to pass through aligner 7 formed separate from the 
robot such that articulated robot 1 can transfer Workpiece 20 
from cassette 5 to processing device in the shortest distance. 
Additionally, a space for a separate aligner in a conventional 
robot is not required any more since aligner 7 is formed 
together With articulated robot 1; as a result, the space can 
be effectively used for some other purpose. Moreover, due to 








