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DESCRIPTION 

Title of Invention: END EFFECTOR 

Technical Field 

[0001] 	The present invention relates to an end effector included in a substrate conveying 

robot for holding and conveying a substrate. 

Background Art 

[0002] 	In a semiconductor manufacturing apparatus, liquid crystal panel manufacturing 

apparatus, or the like, a substrate conveying robot is used to convey a substrate, such as a 

semiconductor wafer or a glass substrate, to a desired position precisely while keeping the 

substrate clean. 	The substrate conveying robot includes an end effector, which is a suction hand, 

for example. 	By means of the suction hand, the substrate conveying robot retrieves a substrate 

from a cassette in which substrates are stored in a multi-staged manner, and then conveys the 

substrate while holding the substrate on the hand. 

[0003] 	Conventionally, detection of the presence or absence of a substrate in a cassette has 

been performed by using an optical sensor provided on the distal end of a hand of a robot (see 

Patent Literature 1, for example). 	In recent years, a substrate conveying robot capable of 

quickly detecting the presence or absence of a substrate in a cassette has been disclosed (see 

Patent Literature 2, for example). 	The substrate conveying robot includes a hand provided with 

two different types of optical sensors. 	A first sensor is installed such that its optical axis is 

horizontal, and a second sensor is installed such that its optical axis is inclined by a certain angle 

relative to the horizontal direction. 

[0004] 	In the case of a conventional suction end effector, the end effector may not be able to 

sufficiently suck and hold a substrate if the substrate is bent. 	If the substrate is conveyed in 

such a state, there is a risk of the substrate falling from the end effector. 	Therefore, it is 

necessary to check whether the sucking and holding of the substrate are sufficient and whether 

the substrate is stably placed on the end effector. 

[0005] 	In this respect, for example, based on infoimation from a pressure switch provided 

on the hand, the conventional substrate conveying robot determines whether or not a substrate on 

the hand is bent, thereby detecting whether or not the substrate is properly sucked and held. 

Patent Literature 3 discloses a conveying robot configured to detect, by means of a transmissive 

optical sensor provided on a hand, whether or not a substrate has been properly held. 
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Patent Literature 

[0006] 	PTL 1: Japanese Laid-Open Patent Application Publication No. H08-83833 

PTL 2: Japanese Laid-Open Patent Application Publication No. 2010-219209 

PTL 3: Japanese Laid-Open Patent Application Publication No. H07-22493 

Summary of Invention 

Technical Problem 

[0007] 	However, the above-described conventional substrate conveying robots are unable to 

perform both the detection of the presence or absence of a substrate in a cassette and the 

detection of whether or not a substrate has been held properly. 	If the above-described 

conventional techniques are combined, it becomes necessary to include a plurality of sensors. 

Thus, there arises a problem in that the circuit configuration of the sensors becomes complex. 

[0008] 	The present invention has been made to solve the above-described problems. 	An 

object of the present invention is to provide an end effector included in a substrate conveying 

robot, the end effector being capable of performing, with a simple configuration, the detection of 

the presence or absence of a substrate in a cassette and the detection of whether or not a substrate 

has been held properly. 

Solution to Problem 

[0009] 	In order to solve the above-described problems, an end effector according to one 

aspect of the present invention includes: a hand; a holder provided on the hand and configured to 

hold a first substrate; a mapping detector provided at a distal end portion of the hand, the 

mapping detector being configured to face a second substrate stored in a cassette and detect 

presence or absence of the second substrate; a light emitter, which the hand is provided with and 

which is configured to convert an electrical input to generate detection light; a light receiver, 

which the hand is provided with and which is configured to receive the detection light and 

convert the detection light into an electrical output; and an optical path formed in the hand, 

through which the detection light emitted from the light emitter passes to be incident on the light 

receiver. 	The optical path is formed such that the detection light is blocked by the first 

substrate held by the holder, and such that the detection light is blocked by the second substrate 

detected by the mapping detector. 

[0010] 	According to the above configuration, depending on whether or not the detection 

light travelling through the optical path has been blocked, the electrical output changes in 

accordance with a change in a received light amount detected by the light receiver. 	A substrate 
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holding state detection operation of detecting the holding state of the first substrate and a 

mapping detection operation of detecting the presence or absence of the second substrate stored 

in the cassette are not performed at the same time. 	Therefore, in each of the substrate holding 

state detection operation and the mapping detection operation, the electrical output changing in 

accordance with the received light amount detected by the light receiver is monitored, which 

makes it possible to detect whether or not the first substrate in a normal condition is set properly 

and detect the mapping of the second substrate stored in the cassette. 	Since these two types of 

detections can be performed by means of one set of the light emitter and the light receiver, the 

configuration for the detections can be simplified. 

[0011] 	Specifically, in the substrate holding state detection operation, if the light is blocked 

when a substrate has been retrieved and held by the hand, the current state is determined to be a 

state where a substrate in a normal condition is set properly. 	On the other hand, if the light 

passes through, the current state can be determined to be one of the following states: a state 

where no substrate is present; a state where a substrate in an abnormal condition is set; and a 

state where a substrate in a normal condition is set improperly. 

[0012] 	The optical path may include: a first section formed such that if the first substrate is 

in a normal condition and is set on the holder properly, the detection light is blocked by the first 

substrate, and otherwise, the detection light is not blocked in the first section; and a second 

section formed such that if there is the second substrate stored in the cassette, the detection light 

is blocked by an outer peripheral portion of the second substrate, and otherwise, the detection 

light is not blocked in the second section. 

[0013] 	The first section and the second section may be provided in series. 

[0014] 	The light emitter and the light receiver may include a light-emitting element and a 

light-receiving element, respectively, and the light-emitting element and the light-receiving 

element may form a transmissive optical sensor. 

Advantageous Effects of Invention 

[0015] 	The present invention has an advantage of being able to provide an end effector 

included in a substrate conveying robot, the end effector making it possible to realize, with a 

simple configuration, both the detection of the presence or absence of a substrate in a cassette 

and the detection of whether or not a substrate has been held properly. 

[0016] 	The above object, other objects, features, and advantages of the present invention 

will be made clear by the following detailed description of a preferred embodiment with 

reference to the accompanying drawings. 
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Brief Description of Drawings 

[0017] 	Fig. 1 is a side view of a substrate conveying robot including an end effector 

according to one embodiment of the present invention. 

Fig. 2 is a plan view of the end effector of Fig. 1 seen from above. 

Fig. 3 is a sectional view of distal end portions of a hand of the end effector of Fig. 2, 

taken along line A-A' of Fig. 2. 

Fig. 4 is a sectional view of the hand of the end effector of Fig. 2, taken along line 

B-B' of Fig. 2. 

Fig. 5 is a block diagram showing a control system in the substrate conveying robot 

of Fig. 1. 

Fig. 6 is a plan view showing a mapping detection operation of the end effector. 

Fig. 7A and Fig. 7B are a plan view and a sectional view showing a substrate 

holding detection operation in a case where a substrate is held by the end effector properly. 

Fig. 8A and Fig. 8B are sectional views showing the substrate holding detection 

operation in a case where a substrate is held by the end effector improperly. 

Fig. 9 is a flowchart showing one example of a control operation of the substrate 

conveying robot. 

Fig. 10 is a waveform chart showing input/output wavefoiiiis at the time of mapping 

detection and substrate holding detection by the end effector in the control operation shown in 

Fig. 9. 

Description of Embodiments 

[0018] 	Hereinafter, one embodiment of the present invention is described with reference to 

the drawings. 

[0019] 	Fig. 1 is a side view of a substrate conveying robot 100 including an end effector 1 

according to one embodiment of the present invention. 	As shown in Fig. 1, the substrate 

conveying robot 100 is installed, for example, in a semiconductor processing facility for 

manufacturing semiconductor elements. 	In the semiconductor processing facility, the substrate 

conveying robot 100 is utilized for conveying a substrate W, such as a wafer, which is a material 

of a semiconductor element. 	Examples of the wafer include a semiconductor wafer and a glass 

wafer. 	Examples of the semiconductor wafer include a silicon wafer, a wafer made of a single 

semiconducting material different from silicon, and a wafer made of a compound 

semiconducting material. 	Examples of the glass wafer include a glass substrate for use in FPD, 
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a glass substrate for use in MEMS, and a sapphire (single crystal alumina) wafer. 	A plurality of 

treatment devices are installed in the semiconductor processing facility. 	For example, the 

treatment devices are devices for subjecting the wafer to heat treatment, impurity introducing 

treatment, thin film forming treatment, lithography treatment, cleaning treatment, and flattening 

treatment. 	The substrate conveying robot 100 conveys the substrate W to an area (a treatment 

chamber) in which these treatment devices are disposed. 	In the present embodiment, substrates 

W are stored on respective shelves in a multi-staged manner in a cassette 6 mounted on a cassette 

stand 7. 

[0020] 	<Substrate Conveying Robot> 

For example, the substrate conveying robot 100 includes: the end effector 1; an arm 

2 including a first arm 2a and a second arm 2b; a lifting/lowering shaft 3; a base 4; and a 

controller 5. 	In the present embodiment, the substrate W is placed on the end effector 1 of a 

horizontal articulated four-axis robot. 

[0021] 	The substrate conveying robot 100 includes the base 4, which is fixed to a suitable 

position (e.g., a floor) in the semiconductor processing facility. 	The lifting/lowering shaft 3 is 

provided on the base 4. 	On the base 4, the axis of the lifting/lowering shaft 3 extends vertically, 

for example. 	The base 4 includes a built-in lifting/lowering actuator (not shown), which is an 

air cylinder, for example. 	When the actuator operates, the lifting/lowering shaft 3 on the top 

surface of the base 4 is lifted or lowered vertically. 

[0022] 	The elongated first arm 2a is provided on the upper end of the lifting/lowering shaft 

3. 	The first arm 2a extends horizontally from the upper end of the lifting/lowering shaft 3. 

One end of the first arm 2a is connected to the lifting/lowering shaft 3 such that the first arm 2a 

is swingable about a vertical axis. 	The lifting/lowering shaft 3 includes a built-in swing 

actuator (not shown), which is an electric motor, for example. 	When the actuator operates, the 

first arm 2a swings in a horizontal plane relative to the lifting/lowering shaft 3. 

[0023] 	The elongated second arm 2b is provided on the upper surface side of the other end 

of the first arm 2a. 	The second arm 2b extends horizontally from the other end of the first arm 

2a. 	One end of the second arm 2b is connected to the first arm 2a such that the second arm 2b 

is swingable about a vertical axis. 	The other end of the first arm 2a includes a built-in swing 

actuator (not shown), which is an electric motor, for example. 	When the actuator operates, the 

second arm 2b swings in a horizontal plane relative to the other end of the first arm 2a. 

[0024] 	The end effector 1, which is configured to hold a substrate W placed thereon, is 

provided on the upper surface side of the other end of the second arm 2b. 	The end effector 1 is 

connected to the other end of the second arm 2b such that the end effector 1 is swingable about a 
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vertical axis. 	The other end of the second arm 2b includes a built-in swing actuator (not shown), 

which is an electric motor, for example. 	When the actuator operates, the end effector 1 swings 

in a horizontal plane relative to the other end of the second arm 2b. 

[0025] 	For example, either in accordance with an input from an operating device (not 

shown) or automatically, the controller 5 controls the operation of each of the actuators that drive 

the lifting/lowering shaft 3, the first arm 2a, the second arm 2b, and the end effector 1, such that 

the end effector 1 moves vertically and horizontally. 	By suitably controlling the operation 

speed of each actuator, the end effector 1 can be caused to move along an intended path in a 

horizontal plane. 	In the substrate conveying robot 100, the lifting/lowering shaft 3, the first arm 

2a, the second arm 2b, and the actuators driving the respective devices foul) a drive unit 30 for 

causing the end effector 1 to move. 

[0026] 	<End Effector> 

Fig. 2 is a plan view of the end effector 1 of Fig. 1 seen from above. 	As shown in 

Fig. 2, the end effector 1 includes: a hand 10; substrate holders 11 formed on the hand 10; a 

mapping detector 12, which is formed in an area extending from distal end portions 10b and 10c 

of the hand 10 across notch space 21, the mapping detector 12 being configured to face a 

substrate W stored in the cassette 6 and detect the presence or absence of the substrate W; a light 

emitter 13 provided in the hand 10 and configured to convert an electrical input from the 

controller 5 to generate detection light; a light receiver 14 provided on the hand 10 and 

configured to receive the detection light and convert the detection light into an electrical output 

to the controller 5; and an optical path 15 formed in the hand 10, through which the detection 

light emitted from the light emitter 13 passes to be incident on the light receiver 14. 

[0027] 	The structure of the hand 10 is not particularly limited. 	In the present embodiment, 

the hand 10 is formed by using, for example, a plate material that is Y-shaped when seen in plan 

view. 	The Y-shaped body includes a single proximal end portion 10a and a pair of distal end 

portions 10b and 10c. 	The distal end portions 10b and 10c extend from the proximal end 

portion as two portions branching off from the proximal end portion. 	The notch space 21 is 

formed between the pair of distal end portions 10b and 10c. 	The proximal end portion 10a of 

the hand is fixed to one end of an attachment plate 20, and the body of the hand 10 extends 

horizontally from the attachment plate 20. 	The other end of the attachment plate 20 is 

swingably connected to the other end of the second atm 2b. 

[0028] 	The hand 10 is configured to hold a discoid substrate W placed thereon. 	Three 

substrate holders 11 for holding the substrate W are formed on the upper surfaces of the proximal 

end portion 10a and the distal end portions 10b and 10c of the hand. 	In the present embodiment, 
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for example, the substrate holders 11 are configured to be controlled to reduce pressure at 

portions that come into contact with the substrate W, and thereby the substrate W is sucked and 

held by these portions. 	In this manner, the substrate W is held by the substrate holders 11. 

[0029] 	The optical path 15 includes: light guiding sections, in which the detection light is 

guided by light guiding members; and sections in which the detection light travels through space. 

In the present embodiment, optical fibers 15a and 15b are used as the light guiding members. 

[0030] 	One end of the optical fiber 15a is connected to the light emitter 13, which is built-in 

in the attachment plate 20 of the hand 10. 	The optical fiber 15a is laid to extend from the back 

side of the proximal end portion 10a of the hand to the back side of the distal end portion 10b of 

the hand. 	The optical fiber 15a guides the detection light emitted from the light emitter 13 to 

the back side of the distal end portion 10b of the hand. 

[0031] 	One end of the optical fiber 15b is connected to the back side of the distal end 

portion 10c of the hand. 	The optical fiber 15b is laid to extend to one end of a rectangular slit 

15c formed in the proximal end portion 10a of the hand (i.e., the end of the slit 15c at the distal 

end side of the hand 10). 	The optical fiber 15b guides the detection light that is incident on the 

back side of the distal end portion 10c of the hand to the slit 15c. 	It should be noted that a 

light-converging element (e.g., a convex lens) and a light-diverging element (e.g., a concave 

lens), which are not shown, may be disposed as necessary on both sides of each of the optical 

fibers 15a and 15b. 

[0032] 	The sections in which the detection light travels through space include a first section 

and a second section. 	The first section serves as the mapping detector 12, in which the 

detection light travels through the notch space 21 between the distal end portion 10b of the hand 

and the distal end portion 10c of the hand. 	In the second section, the detection light travels 

through the slit 15c of the proximal end portion 10a of the hand and space 15d over the proximal 

end portion 10a of the hand. 

[0033] 	Fig. 3 is a sectional view of the distal end portions 10b and 10c of the hand of the 

end effector 1 of Fig. 2, taken along line A-A' of Fig. 2. 	As shown in Fig. 3, detection light B1 

(indicated by a one-dot chain line arrow) emitted from an end of the optical fiber 15a at the back 

side of the distal end portion 10b of the hand travels through the mapping detector 12 (i.e., the 

first section) between the distal end portion 10b and the distal end portion 10c of the hand, and is 

then incident on an end of the optical fiber 15c at the back side of the distal end portion 10c of 

the hand. 

[0034] 	Fig. 4 is a sectional view of the proximal end portion 10a of the hand of the end 

effector 1 of Fig. 2, taken along line B-B' of Fig. 2. 	As shown in Fig. 4, detection light B2 
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(indicated by a one-dot chain line arrow) emitted from an end of the optical fiber 15b at the back 

side of the proximal end portion 10a of the hand travels through the slit 15c formed in the 

proximal end portion 10a of the hand 10 and the space 15d over the proximal end portion 10a of 

the hand 10 (i.e., the second section), and is then received by the light receiver 14 provided on 

the attachment plate 20 of the hand 10. 

[0035] 	As described above, the first section and the second section are provided on the 

optical path 15 in series. 	The detection light emitted from the light emitter 13 passes through 

the optical path 15, and is then incident on the light receiver 14. 	That is, a single optical path is 

formed from the light emitter 13 through the optical path 15 to the light receiver 14. 

[0036] 	<Control System> 

Fig. 5 is a block diagram showing a control system in the substrate conveying robot 

100. 	As shown in Fig. 5, the controller 5 of the substrate conveying robot 100 mainly controls: 

the light emitter 13 configured to convert an electrical input from the controller 5 to generate 

detection light; a light receiver 14 configured to receive the detection light from the light emitter 

13 via the optical path 15 including the optical fibers and space, and convert the received 

detection light into an electrical output to the controller 5; the drive unit 30 for causing the end 

effector 1 to move; and the substrate holders 31 of the end effector 1. 

[0037] 	In accordance with a control command from the controller 5, the drive unit 30 

operates the actuators that drive the lifting/lowering shaft 3, the first arm 2a, and the second arm 

2b, which are shown in Fig. 1, thereby causing the end effector 1 to move vertically and 

horizontally. 

[0038] 	In accordance with a control command from the controller 5, the substrate holders 11 

control pressure at portions that come into contact with a substrate W, and thereby the substrate 

W is sucked and held by these portions. 	In this manner, the substrate W is held by the substrate 

holders 11. 

[0039] 	The light emitter 13 includes: a light-emitting element 16 configured to generate and 

emit detection light; and a drive circuit 17 configured to apply a voltage Vin to the light-emitting 

element 16 to drive the light-emitting element 16. 	In the present embodiment, for example, a 

light-emitting diode or a laser diode is used as the light-emitting element 16. 	The drive circuit 

17 generates the voltage Vin in accordance with a control signal (an electrical input) from the 

controller 5, and drives the light-emitting element 16 with the voltage Vin. 

[0040] 	The light receiver 14 includes: a light-receiving element 18 configured to convert an 

optical signal into an electrical signal in such a manner that the light-receiving element 18 

generates a voltage Vout in accordance with a received light amount when the light-receiving 
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element 18 has received the detection light; and an output circuit 19 configured to amplify the 

electrical signal and outputs the amplified signal as a detection signal (an electrical output). 	In 

the present embodiment, for example, a photodiode is used as the light-receiving element 18. 

The output circuit 19 outputs the detection signal to the controller 5. 

[0041] 	Each of the optical fibers forming the optical path 15 is connected to the 

light-emitting element 16 or the light-receiving element 18 via a connector, which is not shown. 

Thus, in the present embodiment, the light emitter 13 and the light receiver 14 include the 

light-emitting element 16 and the light-receiving element 18, respectively, and the light-emitting 

element 16 and the light-receiving element 18 form a transmissive optical sensor. 

[0042] 	<Operation> 

Next, one example of a mapping detection operation of the end effector 1 is 

described. 	As one example, assume here that, in the mapping detection operation, the substrate 

conveying robot 100 causes the end effector 1 to sequentially scan the shelves from the 

uppermost shelf to the lowermost shelf to detect the presence or absence of a substrate on each 

shelf. 

[0043] 	Fig. 6 is a plan view showing the mapping detection operation of the end effector 1. 

As shown in Fig. 6, the scanning is performed, for example, in such a manner that the mapping 

detector 12 of the end effector 1 is caused to face a substrate W stored on the n-th shelf in the 

cassette 6. 	At the time, when the detection light B1 (indicated by a one-dot chain line arrow) 

emitted from the end of the optical fiber 15a at the back side of the distal end portion 10b of the 

hand travels through the mapping detector 12 (the first section) between the distal end portion 

10b and the distal end portion 10c of the hand, if there is the substrate W stored in the cassette 6, 

the detection light B1 is blocked by the outer peripheral portion of the substrate W. 	As a result, 

the detection light B1 is not received by the end of the optical fiber 15c at the back side of the 

distal end portion 10c of the hand. 	That is, on the optical path 15, the detection light B1 is 

blocked by the substrate W detected by the mapping detector 12. 

[0044] 	As described above, the mapping detector 12 (the first section) is formed such that if 

there is the substrate W stored in the cassette 6, the detection light B1 is blocked by the outer 

peripheral portion of the substrate W, and otherwise, the detection light B1 is not blocked. 

[0045] 	Next, one example of a substrate holding detection operation of the end effector 1 is 

described. 	For example, if the substrate W is detected on the n-th shelf in the cassette 6 in the 

above-described mapping detection operation, then the substrate conveying robot 100 inserts the 

end effector 1, which is holding no substrate, into the cassette 6 at the position of the n-th shelf, 

such that the substrate W stored on the n-th shelf is placed onto the substrate holders 11 of the 



10 

hand 10. 	After detecting whether or not the substrate W is properly set on the substrate holders 

11, the substrate conveying robot 100 causes the end effector 1 to retract from the cassette 6. 	In 

this manner, the retrieving and holding of the substrate W are performed. 

[0046] 	Fig. 7A and Fig. 7B are a plan view and a sectional view showing the substrate 

holding detection operation in a case where a substrate is held by the end effector 1 properly. 

As shown in Fig. 7A and Fig. 7B, the optical path 15 is formed such that the detection light B2 

(indicated by a one-dot chain line arrow) is blocked by the substrate W held by the substrate 

holders 11. 	In a case where the substrate W is in a normal condition and is properly set on the 

substrate holders 11, the detection light B2 is blocked by the substrate W. 	In this case, the 

current state is detennined to be a state where a substrate in a normal condition is set properly. 

[0047] 	The optical path 15 is formed such that the detection light B2 is not blocked if the 

substrate is set improperly. 

[0048] 	Fig. 8A and Fig. 8B are sectional views showing the substrate holding detection 

operation in a case where a substrate is held by the end effector 1 improperly. 

[0049] 	Fig. 8A shows a state where the substrate W is bent. 	In such a case where the 

substrate in an abnormal condition is set, the detection light B2 from the optical fiber 15b 

reaches the light receiver 14. 

[0050] 	Fig. 8B shows a state where the substrate W is placed not on the substrate holders 11 

but on the light receiver 14. 	In such a case where the substrate in a normal condition is set 

improperly, the detection light B2 from the optical fiber 15b reaches the light receiver 14. 	That 

is, in a case where the detection light B2 passes through, the current state can be determined to 

be one of the following states: a state where no substrate is present; a state where a substrate in 

an abnormal condition is set; and a state where a substrate in a normal condition is set 

improperly. 

[0051] 	Hereinafter, one example of a control operation of the substrate conveying robot 100 

is described with reference to a flowchart of Fig. 9. 	As shown in Fig. 9, first, the controller 5 

controls a mapping operation of the end effector 1 (step 1). 	The substrate conveying robot 100 

causes the end effector 1 to sequentially scan the first to n-th shelves in the cassette 6 to detect 

whether or not a substrate is stored on each of the shelves. 

[0052] 	Next, the controller 5 controls a substrate retrieving operation of the substrate 

conveying robot 100 (step 2). 	In accordance with mapping detection results, the substrate 

conveying robot 100 causes the arm 2 to move to a shelf on which a substrate is stored (e.g., the 

first shelf), and retrieves the substrate from the shelf by the end effector 1. 	Then, the controller 

5 controls a substrate moving operation of the substrate conveying robot 100 (step 3). 	The 
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substrate conveying robot 100 causes the arm 2 to move with the substrate held by the substrate 

holders 11 of the end effector 1. 

[0053] 	Next, after causing the arm 2 of the substrate conveying robot 100 to move to a 

predetermined position, the controller 5 controls a substrate placing operation of the substrate 

conveying robot 100 (step 4). 	In this operation, the holding of the substrate by the substrate 

holders 11 of the end effector 1 is released, and the substrate is placed on the predetermined 

position. 

[0054] 	Then, the controller 5 repeats the substrate retrieving operation until the retrieval of 

all the substrates from the inside of the cassette 6 by the substrate conveying robot 100 is 

completed, and ends the control when the retrieval of all the substrates from the inside of the 

cassette 6 is completed (step 5). 

[0055] 	In the above-described flowchart, mapping detection by the end effector 1 is 

performed in step 1, and substrate holding detection by the end effector 1 is performed in step 2 

to step 4. 

[0056] 	Next, Fig. 10 is a waveform chart showing input/output waveforms at the time of 

mapping detection and substrate holding detection by the end effector 1 in the control operation 

shown in Fig. 9. 

[0057] 	The upper waveform chart in Fig. 10 shows control commands from the controller 5 

to the drive unit 30 and the substrate holders 11. 	The middle waveform chart in Fig. 10 shows 

the control signal inputted from the controller 5 to the drive circuit 17 of the light emitter 13. 	If 

the level of the control signal is High, the drive circuit 17 applies a voltage Vin to the 

light-emitting element 16 of the light emitter 13 to cause the light-emitting element 16 to emit 

light. 

[0058] 	The lower waveform chart in Fig. 10 shows waveforms of the detection signal 

outputted from the light receiver 14 to the controller 5. 	Depending on whether or not the 

detection light travelling through the optical path 15 has been blocked, the level of the detection 

signal (i.e., an electrical output) changes in accordance with a change in a received light amount 

detected by the light receiver 14. 

[0059] 	From a time tO to a time tl, the controller 5 controls the mapping operation of the 

end effector 1. 	In accordance with a control command from the controller 5 to the drive unit 30, 

the operation of the substrate conveying robot 100 shifts to an operation of mapping the 

substrates W stored on the first to n-th shelves in the cassette 6. 	First, at the time 0, the 

controller 5 transmits a control signal of a High level (i.e., ON) to the light emitter 13 in 

synchronization with the control command to the drive unit 30. 	Accordingly, the light-emitting 
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element 16 emits light, and the level of the detection signal becomes High. 

[0060] 	During the period from the time tO to the time tl, a substrate W is detected in the 

cassette 6 when the detection light B1 is blocked. 	As a result, the level of the detection signal 

decreases from High to Low. 	The lower chart in Fig. 10 shows a case where substrates are 

stored on all of the first to n-th shelves. 	In this case, the detection light B1 is blocked n times 

corresponding to the number (n) of substrates stored in the cassette 6. 	Accordingly, during the 

period from the time tO to the time tl, the level of the detection signal decreases from High to 

Low n times. 	In this manner, the mapping detection by the end effector 1 is performed. 

[0061] 	At the time tl, the controller 5 controls the substrate retrieving operation of the 

substrate conveying robot 100. 	In accordance with a control command from the controller 5 to 

the substrate holders 11, the operation of the substrate conveying robot 100 shifts to an operation 

of retrieving the substrate W detected on the first shelf in the cassette 6. 	Also at the time, the 

controller 5 continues transmitting a control signal of a High level (i.e., ON) to the light emitter 

13 in synchronization with the control command to the substrate holders 11. 	Here, the level of 

the detection signal continues to be High. 

[0062] 	At a time t2, in accordance with the control command from the controller 5 to the 

substrate holders 11, the substrate conveying robot 100 holds the retrieved substrate W. 	If the 

substrate W is held properly, the level of the detection signal changes from High to Low. 

[0063] 	During the period from the time t2 to a time t3, the controller 5 controls the substrate 

moving operation of the substrate conveying robot 100. 	The substrate conveying robot 100 

causes the arm 2 to move with the substrate held by the substrate holders 11 of the end effector 1. 

At the time, if the substrate W is in a state of being held properly, the level of the detection signal 

remains Low. 

[0064] 	At the time t3, after causing the arm 2 of the substrate conveying robot 100 to move 

to a predetermined position, the controller 5 controls the substrate placing operation of the 

substrate conveying robot 100. 	In this operation, the holding of the substrate by the substrate 

holders 11 of the end effector 1 is released, and the substrate is placed on the predetermined 

position. 	At the time, the substrate W blocking the space of the mapping detector 12 at the 

distal end of the hand is eliminated. 	As a result, the level of the detection signal becomes High. 

In this manner, the substrate holding detection is performed during the operations of retrieving, 

moving, and placing the substrate. 

[0065] 	At a time t4, in accordance with a control command from the controller 5 to the 

substrate holders 11, the operation of the substrate conveying robot 100 shifts to an operation of 

retrieving the substrate W detected on the second shelf in the cassette 6. 	Then, when the 
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substrate W of the second shelf is held at a time t5, the detection light B1 is blocked. 	As a 

result, the level of the detection signal decreases from High to Low. 	Thus, also in the case of 

the substrates on the second and the following shelves, the substrate holding detection is 

performed in the same manner as in the case of the substrate on the first shelf. 

[0066] 	According to the above-described configuration, the substrate holding state detection 

operation of detecting the holding state of the substrate W and the mapping detection operation 

of detecting the presence or absence of the substrate W stored in the cassette 6 are not performed 

at the same time. 

[0067] 	Therefore, in the present embodiment, in each of the substrate holding state detection 

operation and the mapping detection operation, an electrical output (the detection signal) 

changing in accordance with a received light amount detected by the light receiver 14 is 

monitored, which makes it possible to detect whether or not the substrate W in a normal 

condition is set properly and detect the mapping of the substrate W stored in the cassette. 	Since 

these two types of detections can be performed by means of one set of the light emitter 13 and 

the light receiver 14, the configuration for the detections can be simplified. 

[0068] 	It should be noted that the present embodiment adopts a technique of holding the 

substrate W by suction. 	In this technique, pressure is controlled at portions of the substrate 

holders 11, the portions coming into contact with the substrate W, and thereby the substrate W is 

sucked and held by the substrate holders 11. 	However, the manner of holding the substrate is 

not thus limited, and any configuration capable of holding the substrate may be adopted, so long 

as the hand is provided with the configuration. 

[0069] 	From the foregoing description, numerous modifications and other embodiments of 

the present invention are obvious to one skilled in the art. 	Therefore, the foregoing description 

should be interpreted only as an example and is provided for the purpose of teaching the best 

mode for carrying out the present invention to one skilled in the art. 	The structural and/or 

functional details may be substantially altered without departing from the spirit of the present 

invention. 

Industrial Applicability 

[0070] 	The present invention is applicable to an end effector of a substrate conveying robot 

for conveying a substrate such as a semiconductor wafer or a glass substrate. 

Reference Signs List 

[0071] 	1 end effector 
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2a first arm 

2b second arm 

3 	lifting/lowering shaft 

4 	base 

5 	controller 

6 	cassette 

7 	cassette stand 

10 hand 

10a 	proximal end portion of the hand 

10b, 10c 	distal end portion of the hand 

11 	substrate holder 

12 mapping detector (first section 

13 	light emitter 

14 light receiver 

15 	optical path 

15a, 15b 	optical fiber 

15c 	slit 

15d 	second section 

16 light-emitting element 

17 	drive circuit 

18 light-receiving element 

19 output circuit 

20 attachment plate 

21 notch space 

30 drive unit 

31 	substrate holder 

100 	substrate conveying robot 
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CLAIMS 

1. An end effector comprising: 

a hand; 

a holder provided on the hand and configured to hold a first substrate; 

a mapping detector provided at a distal end portion of the hand, the mapping detector 

being configured to face a second substrate stored in a cassette and detect presence or absence of 

the second substrate; 

a light emitter, which the hand is provided with and which is configured to convert 

an electrical input to generate detection light; 

a light receiver, which the hand is provided with and which is configured to receive 

the detection light and convert the detection light into an electrical output; and 

an optical path fonned in the hand, through which the detection light emitted from 

the light emitter passes to be incident on the light receiver, wherein 

the optical path is formed such that the detection light is blocked by the first 

substrate held by the holder, and such that the detection light is blocked by the second substrate 

detected by the mapping detector. 

2. The end effector according to claim 1, wherein 

the optical path includes: 

a first section formed such that if the first substrate is in a no' 	lal condition and 

is set on the holder properly, the detection light is blocked by the first substrate, and otherwise, 

the detection light is not blocked in the first section; and 

a second section formed such that if there is the second substrate stored in the 

cassette, the detection light is blocked by an outer peripheral portion of the second substrate, and 

otherwise, the detection light is not blocked in the second section. 

3. The end effector according to claim 1 or claim 2, wherein 

the first section and the second section are provided in series. 

4. The end effector according to any one of claims 1 to 3, wherein 

the light emitter and the light receiver include a light-emitting element and a 

light-receiving element, respectively, and 

the light-emitting element and the light-receiving element form a transmissive 

optical sensor. 


