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DESCRIPTION 

ATTRACTION OBJECT DETECTION APPARATUS, ATTRACTION OBJECT 

DETECTION METHOD WHICH USES THE SAME, POSITION 

DISPLACEMENT DETECTION METHOD WHICH USES THE SAME, AND 

CLEANING METHOD WHICH USES THE SAME 

Technical Field 

This invention relates to an attraction object 

detection apparatus and an attraction object detection 

method which can detect whether or not an attraction 

object is present, and more particularly to an 

attraction object detection apparatus and an attraction 

15 object detection method.suitable for use with an IC test 

handler which has an attracting transport arm. 

Background Art 

Conventionally, an attraction object to be 

20 transported by an attracting transport arm is detected 

using, for example, a pressure sensor or a transmission 

type sensor. 

Therefore, an attraction object detection apparatus 

which employs a pressure sensor is shown in (a) and (b) 

25 of Fig. 1 while another attraction object detection 

apparatus which employs a trans.mission type sensor is 
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shown in Fig. 2, and their constructions and operations 

are described. 

The apparatus shown in Fig. 1 is constructed such 

that it includes an arm 2 having a suctio~ opening and 

5 movable in a horizontal direction and a vertical 

direction and air around the suction opening of the arm 2 

is sucked into a vacuum source (not shown) via a pressure 

sensor 3. In the present apparatus, whether or not· an 

attraction object 1 is present is discriminated by a 

10 pressure sensor 3 when the arm 2 is moved down to a 

location at which the attraction object 1 is to be placed. 

In particular, if the attraction object 1 is not present 

when the arm 2 is moved down, since the suction opening 

of the arm 2 remains in a leaking condition, a drop of 

15 pressure is not detected by the pressure sensor 3, but 

if the attraction object 1 is present, then there is no 

leak from the arm 2 and a drop of pressure is detected 

by the pressure sensor 3. From this, whether or not the 

attraction object 1 is present can be discriminated. 

20 Meanwhile, in the apparatu~ shown in Fig. 2, a 

transmission type sensor is disposed at a location at 

which an attraction object 1 is to be placed. In the 

transmission type sensor, rays of light which go across 

the location at which the attraction object 1 is to be 

25 placed are formed from a pair of light emitting elements 

4 and a pair of light receiving elements 5. In the 
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apparatus of the type just described, whether or not an 

attraction object 1 is present can be discriminated as 

the attraction object 1 intercepts .rays of light between 

the pair of light emitting elements 4 and the pair light 

5 receiving elements 5 of the transmission type sensor. 

However, such an apparatus as shown in Fig. 1 is 

disadvantageous in that whether or not an attraction 

object is present cannot be discriminated unless the arm 

is moved down .to the location at which the attraction 

10 object is to be placed. The apparatu's is disadvantageous 

also in that it may possibly discriminate in error that 

an attraction object is present because of an error in 

adjustment of the pressure sensor. 

On the other hand, such an apparatus as shown in Fig. 

15 2 is disadvantageous in that it cannot be used where the 

sensor cannot be mounted in horizontal and oblique 

directions with respect to an attraction object. The 

apparatus is disadvantageous also in that, where it is 

intended to discriminate whether or not an attraction 

20 object is present at each of a large number of attraction 

points, a large number of sensors are required. 

Disclosure of Invention 

It is an object of the present invention to provide 

25 an attraction object detection apparatus and method which 

is superior in throughput to the constructions of the 
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prior art described ab~ve, can detect with certainty 

whether or not there is present an attraction object, and 

in which the required space is reduced and is simple in 

construction. 

In order to attain the object described above, the 

present invention presupposes an attraction object 

detection apparatus for detecting whether or not an 

attraction object to be attracted and transported by an 

attracting transport arm which is movable in vertical and 

10 horizontal directions is present at a predetermined 

location of a stage. And, a first aspect of the present 

invention is characterized by the following points. In 

particular, the attracting transport arm has a nozzle 

hole formed therein in such a manner as to be opened 

15 toward the stage side and communicated with a vacuum 

source. A light emitting element is disposed either on 

the rear side to the predetermined location or on the 

attracting transport arm. The stage has a through-hole 

provided at the predetermined location such that rays of 

20 light from the light emitting element may not be 

intercepted by the stage. And, a light receiving element 

for receiving the rays of light from the· light emitting 

element is disposed on the rear side to the predetermined 

location or the attracting transport arm at which the 

25 light emitting element is not disposed. Particularly, 

the light emitting element or the light receiving element 
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is preferably disposed in the interior of the nozzle hole 

of the attracting transport arm. 

Meanwhile, a second aspect of the present invention 

is characterized by the following features. In 

5 particular, a reflection element is disposed either on a 

surf ace of the stage at the predetermined location or on 

the attracting transport arm. And, a light emitting 

element and a light receiving element for receiving rays 

of light from the light emitting element via the 

10 reflection element are disposed on the surface at the 

predetermined location or the attracting transport arm at 

which the reflection element is not disposed. 

Particularly, either the light emitting element and the 

light receiving element in pair or the reflection 

15 element is preferably disposed in the interior of the 

nozzle hole of the attracting transport arm. 

In those apparatus, an upper portion of the 

attracting transport arm including the light emitting 

element or the light receiving element or else the 

20 reflection element or a set of a light emitting element 

and a light receiving element disposed in the interior of 

the nozzle hole may form a sensor unit independent of but 

connectable to the attracting transport arm by an optical 

fiber. Or, the sensor unit independent of the attracting 

25 transport arm may be secured at a position opposing the 

predetermined location while the attracting transport arm 
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is so structured as to allow rays of light from the light 

emitting element to pass thereto. 

A third aspect of the present invention provides an 

at~raction object detection method which uses the 

5 apparatus according to the firs~ or second aspect of the 

present invention described above, characterized in that, 

when the attracting transport arm is moved to a position 

above the predetermined location, if the light receiving 

element receives no light, then it is determined that an 

10 attraction object is present, but if the light receiving 

element receives light, then it is discriminated that no 

attraction object is present. 

In this method, preferably a vacuum pressure sensor 

is provided in a vacuum line from the nozzle hole of the 

15 attracting transport arm to the vacuum source, and after 

it is discriminated by the light receiving element that 

an attraction object is present, the attracting transport 

arm is moved downwardly to the predetermined location and 

performs an attraction operation to confirm presence or 

20 absence of the attraction object again by means of the 

vacuum pressure sensor. 

A fourth aspect of the present invention provides a 
' 

positional displacement detection method for detecting 

positional displacement of an attracting transport arm 

25 using an apparatus according to the first or second 

aspect of the present invention, characterized in that, 
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when ·the attracting transport arm is moved from a 

reference position to a position above the predetermined 

location while an attraction object is not present at the 

predetermined location, if the light receivi~g element 

5 does not receive rays of light from the light emitting 

element, then it is determined that the position of the 

attracting transport arm is displaced from the 

predetermined position. In this instance, preferably, 

after it is determined that the position of the 

10 attracting transport arm is displaced from the 

predetermined location, the attracting transport arm is 

horizontally moved in an arbitrary direction until the 

light receiving element receives the rays of light from 

the light emitting element, and coordinates· of the 

15 position to which the attracting transport arm is to be 

moved upwardly above the predetermined location are 

corrected based on coordinates of a position recognized 

by moving means for the attracting transport arm when the 

light receiving element receives the rays of light. 

20 A fifth aspect of the present invention provides a 

cleaning method which uses an apparatus according to the 

first or second aspect of the present invention described 

above, characterized in that positive pressure air is 

supplied into a vacuum line from the nozzle hole of the 

25 attracting transport arm to the vacuum source to blow out 

the air from the nozzle hole toward the predetermined 
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location. 

A sixth aspect of the present invention provides an 

attraction object detection apparatus, characterized in 

that a proximity sensor is disposed at the predetermined 

5 location. 

A seventh aspect of the present invention provides 

an attraction object detection apparatus, characterized 

in that distance detection means for measuring a distance 

to an object present in an opposing direction is disposed 

10 on the attracting transport arm. And, an attraction 

object detection method according to this apparatus is 

characterized in that presence or absence of the 

attraction object is determined from the fact that the 

distance detected by the distance detection means is 

15 different whether the object is the attraction object or 

the stage, and also a distance of downward movement of 

the attracting transport arm is recognized by the 

distance detection means. 

20 Brief Description of Drawings 

(a) and (b) of Fig. 1 are schematic views showing an 

example of a conventional attraction object detection 

apparatus whicb employs a pressure sensor; 

Fig. 2 is a schematic view showing an example of a 

25 conventional attraction object detection apparatus which 

employs a transmission type sensor; 
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·Fig. 3 is a schematic sectional view showing an 

embodiment of an attraction object de~ection apparatus 

and method of the present invention; 

Fig. 4 is a schematic sectional view showing another 

5 embodiment of an attraction object detection apparatus 

and method of the present invention; 

Fig. 5 is a schematic sectional view showing a 

further embodiment of an attraction object detection 

apparatus and method of the present invention; 

10 Fig. 6 is a schematic sectional view showing a still 

further embodiment of an attraction object detection 

apparatus and method of the present invention; and 

Fig. 7 is a schematic sectional view showing a yet 

further embodiment of an attraction object detection 

15 apparatus and method of the present invention. 

20 

Best Mode for Carrying Out the Invention 

Next, embodiments of the present invention are 

described below with reference to the drawings. 

Fig. 3 is a schematic sectional view showing an 

embodiment of an attraction object detection apparatus 

and method of the present invention. The apparatus of 

the embodiment shown includes an attracting transport arm 

12 for attracting and transporting an attraction object 

25 11 in horizontal and vertical directions. More 

particularly, the attracting transport arm 12 has a 
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nozzle hole operied downwardly. An outlet port for 

extracting air from the nozzle hole to a vacuum source 

(not shown) is disposed at a side portion of the arm 12. 

Consequently, when the vacuum source operates, the 

5 attraction object 11 can be attracted to the opening end 

of the nozzle hole. 

The attraction object 11 is scheduled to be placed 

on a stage 13, and an upwardly directed light emitting 

sensor 14 is disposed on the rear side of the location of 

10 the stage 13 at which the attraction object 11 is to be 

placed. At the location of the stage 13 at which the 

attraction object 11 is to be placed, a through-hole is 

opened so that it does not interrupt upward rays of light 

from the light emitting se~sor 14. Meanwhile, a 

15 downwardly directed light receiving sensor 15 for 

receiving rays of light from the light emitting sensor 14 

is disposed in the interior of the nozzle hole of the 

attracting transport arm 12. The light receiving sensor 

15 and the light emitting sensor 14 in pair construct a 

20 so-called transmission type sensor. It is to be noted 

that the light receiving sensor 15 in the attraction 

nozzle hole may be covered with a transport element16. 

Further, the light emitting sensor 14 may be disposed on 

the attracting transport arm side while the light 

25 receiving sensor 15 is disposed on the stage side. Or, 

the light emitting sensor 14 or the light receiving 
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.. 
sensor 15 may be mounted on an outer side of the 

attracting transport arm 12. 

In the apparatus of the form described, the 

attracting_ transport.arm 12 is first moved to a location 

5 above the location of the stage 13 at which the 

attraction object 11 is to be placed. In this instance, 

if the attraction object 11 is present on the stage 13, 

then the attraction object 11 intercepts upward rays of 

light f.rom the light emitting sensor 14. Consequently, 

10 the light receiving sensor 15 in the attracting transport 

arm 12 does not react. From this, it can be 

discriminated that an attraction object is present. 

Therefore, the attracting transport arm 12 is moved 

downwardly, attracts the attraction object 11 thereto and 

15 is then moved upwardly as in an ordinary· operation. On 

the other hand, if the attraction object 11 is not on the 

stage 13, then the rays of light from the light emitting 

sensor 14 on the rear side of the stage 13 come to the 

light receiving sensor 15 in the attracting transport arm 

20 12, and consequently, the light receiving sensor 15 

reacts. From this, it can be discriminated that no 

attraction object is present, and also the moved position 

of the arm is confirmed. Further, in the apparatus of 

the construction just described, even if downward 

25 movement of the attracting transport arm 12 is not 

performed, whether or not there is present an attraction 
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objec·t can be confirmed. Accordingly, since no useless 

downward or upward movement is involved, the apparatus is 

improved in throughput comparing with the prior art shown 

in Fig. 1. 

Further, in the present embodiment, if air of a 

positive pressure is supplied to a vacuum line extending 

from the nozzle hole to the vacuum source, then the air 

can be blown from the nozzle hole to the upper surface of 

the light emitting sensor 14 on the rear side of the 

10 stage 13, to which dust or like foreign articles are 

liable to stick, to clean the sensor readily. 

However, in the present embodiment, since it is 

discriminated that an attraction object is present when 

the light receiving sensor 15 does not receive rays of 

15 light from the light emitting sensor 14, if the stopping 

position of the arm 12 is displaced from the light 

emitting sensor 14, the sensor may discriminate in error 

that an attraction object is present although the 

attraction.object 11 is not present on the stage 13. In 

20 this instance, if such a pressure sensor as shown in Fig. 

1 is provided for the vacuum line from the nozzle hole to 

the vacuum source, such positional displacement of the 

arm as described above can be discriminated by the 

pressure sensor. In particular, the positional 

25 displacement of the arm can be discriminated if it is 

discriminated again by means of the pressure sensor 
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whether or not the attraction object 11 is present after 

the attracting transport arm 12 is moved downwardly to 

perform an attracting operation. 

Further, even if a pressure sensor is not used but 

5 another sensor or a like element which can detect a 

thickness of an attraction object or a distance to an 

attraction object is used, it i~ possible to confirm 

whether or not there is present an attraction object and 

positional displacement of the arm. 

10 The present invention is not limited to the form 

described above and may have such various forms as 

described below. Figs. 4 to 7 are schematic sectional 

views of other embodiments of the attraction object 

detection apparatus and method of the present invention. 

15 In·the description of the other embodiments and the 

drawings, the same components as those of the embodiment 

described above are denoted by the same reference 

numerals and overlapping description is omitted. 

In the apparatus of the form shown in Fig. 4, a 

20 reflection element 17 is disposed on the surface of the 

location of the stage 13 at which the attraction object 

11 is to be placed. Further, a reflection type sensor 

formed from a light emitting sensor 14 and a light 

receiving sensor 15 in pair is disposed in the interior 

25 of the nozzle hole of the attracting transport arm 12. 

It is to be noted that the reflection type sensor in the 
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nozzle hole may be covered with a transport element 16. 

Further, the light emitting sensor 14 and the light 

receiving sensor 15 in pair may be disposed on the stage 

side while the reflection 17 element i~ disposed on the 

5 attracting transport arm side. Or, either the light 

emitting sensor 14 and the light receiving sensor 15 in 

pair or the reflection 17 may be mounted on an outer side 

of the attracting transport arm 12. 

Also in the apparatus of the present form, the 

10 attracting transport arm 12 is first moved to a location 

above the location of the stage 13 at which the 

attraction object 11 is to be placed. In this instance, 

when the attraction object 11 is present on the stage 13, 

the reflection element 17 is covered with the attraction 

15 object 11. Consequently, the light receiving sensor 15 

in the attracting transport ·arm 12 does not react. Since 

it can be discriminated from this that an attraction 

object is present, the attracting transport arm 12 is 

moved downwardly, attracts the attraction object 11 and 

20 is then.moved upwardly as in an ordinary operation. On 

the other hand, when the attraction object 11 is not 

present on the stage 13, rays of light from the light 

emitting sensor 14 are reflected by the reflection 

element 17 and come to the light receiving sensor 15, and 

25 consequently, the light receiving sensor 15 reacts. From 

this, it can be discriminated that no attraction object 
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is present and also the moved position of the arm can be 

confirmed. Further, in the apparatus just described, 

since no useless downward or upward movement is involved, 

the apparatus is improved in throughput comparing with 

5 the prior art shown in Fig. 1, similarly as in the form 

described above. 

Further, also in the present form, if air of a 

positive pressure is supplied to a vacuum line extending 

from the nozzle hole to the vacuum source, then the air 

10 can be blown from the attraction nozzle to the upper 

surface of the reflection element 17 on the stage 13 to 

clean the sensor readily. 

However, also in the present form, since it is 

discriminated that an attraction object is present when 

15 the light receiving sensor 15 does not receive reflected 

rays of light of the light emitting sensor 14 from the 

reflection element 17, if the stopping position of the 

arm 12 is displaced from the light emitting sensor 14, 

the sensor may discriminate in error that an attraction 

20 object is present although the attraction object 11 is 

not present on the stage 13. In this instance, if such a 

pressure sensor as shown in Fig. 1 is provided for the 

vacuum line from the nozzle hole to the vacuum source, 

such positional displacement of the arm as described 

25 above can be discriminated by the pressure sensor. In 

particular, the positional displacement of the arm can be 
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discriminated if it.is discriminated again by means of 

the pressure sensor whether or not the attraction object 

11 is present after t_he attracting transport arm 12 is 

moved downwardly t9 perform an attracting operation. 

5 Further, even if a pressure sensor is not used but 

another sensor or a like element which can detect a 

thickness of an attraction object or a distance to an 

attraction object is used, it is possible to confirm 

whether or not there is present an attraction object arid 

10 positional displacement of the arm similarly as in the 

form described above. 

In addition to the two forms described above, the 

present invention may be an apparatus wherein an upper 

portion of the attracting transport arm 12 shown in FIG. 

15 3 or 4, that is, the sensor arrangement in the interior 

of the nozzle hole (where a transmission type sensor is 

used, only the light receiving sensor, but where a 

reflection type sensor is used, a set of light emitting 

and light receiving sensors), is formed as a sensor unit 

20 19 independent of the attracting transport arm 12 as 

shown in Fig. 5, and the sensor unit 19 and the nozzle 

hole of the attracting transport arm 12 are connected to 

each other by an optical fiber 18. 

Or, the present invention may be an apparatus 

25 wherein, as shown in Fig. 6, such a sensor unit 19 as 

described above is fixed in an opposing relationship to 
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the light emitting sensor 14 on the rear face of the 

stage 13 shown in Fig. 3 or to the reflection element 17 

on the stage 13 shown in Fig. 4. It is to be noted that, 

in this insta~ce, the interior of the nozzle hole extends 

5 through up to the upper end of the attracting transport 

arm 12 so that rays of light of the sensor may pass in 

the attracting transport arm 12, and is covered with a 

transport element 16. 

Further, the apparatus which includes such a 

10 transmission type sensor as shown in Fig. 3 ·or such a 

reflection type sensor as shown in Fig. 4 may be replaced 

by a yet further apparatus wherein a proximity sensor 20 

is installed at the location of the stage 13 at which the 

attraction object 11 is to be placed as shown in Fig. 7. 

15 Besides, where the distance detection means for 

measuring the distance to the object present in the 

opposing direction is disposed on the attracting 

transport arm, the distance of downward movement of the 

attracting transport art to the attraction object can be 

20 recognized by itself. Consequently, if, for example, a 

servomotor is used for a vertically moving the apparatus 

for the attracting transport arm, so that even if the 

height of the attraction object changes, the downward 

stroke of the attracting transport arm when the 

25 attraction object is to be attracted can be adjusted 

readily based on the recognized distance of downward 
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movement. This is effective in maintenance comparing 

with that where the vertically moving apparatus for the 

attracting transport arm employs an air cylinder. In 

particular, where the vertically moving apparatus employs 

6 an air cylinder, if the height of the attraction object 

changes, then time and labor are required for adjustment 

such that the mounted position of the air cylinder is 

adjusted or the height of the attraction object on the 

stage is adjusted. 

10 Further, when the attracting transport arm is 

horizontally moved from a reference position to a 

position above the predetermine~ location, the stopping 

position of the arm is sometimes displaced from the 

predetermined location. This arises from the following 

16 cause. Generally, coordinates of the position of the 

predetermined location are determined as an origin in 

advance. Then, a moving apparatus for the attracting 

transport arm refers to the coordinates of the position 

of the predetermined location to calculate a movement 

20 amount and moves the attracting transport arm by the 

movement amount from the reference position. However, as 

transportation is repeated for a long time, the transport 

apparatus deteriorates, resulting in displacement of the 

reference position. In this instance, even if the 

26 attracting transport arm is moved from the reference 

position by the movement amount calculated· referring to 
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the coordinates of the position of the predetermined 

location, the stopping position of the arm is displaced 

from the predetermined location. As a result, the 

attracting transport arm fails to at~ract an attraction 

5 object present at the predetermined location, or even if 

it successfully attracts the attraction object, it fails 

to transport the attraction object accurately to a next 

transport location. 

According to the present invention, also such 

10 positional displacement of the arm can be detected. In 

particular, in a condition wherein an attraction object 

is not present at the predetermined location, the 

attracting transport arm is horizontally moved from the 

reference position to the position above the 

15 predetermined location. In this instance, if rays of 

light from the light emitting sensor are not received by 

the light receiving sensor, it can be discriminated that 

the position of the attracting transport arm is displaced 

from the predetermined location. Further, after it is 

20 discriminated that the stopping position of the 

_attracting transport arm is displaced in this manner, the 

attracting transport arm is horizontally moved in an 

arbitrary direction until the rays of light from the 

light emitting sensor are received by the light receiving 

25 sensor. Then, the coordinates of the position when the 

attracting transport arm is to be moved to the position 
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above· the predetermined location are corrected based on 

the coordinates of the position recognized by the moving 

apparatus for the attracting transport arm when the light 

receiving sensor receives the light. Cons_equently, the 

5 positional displacement of the attracting transport arm 

from the predetermined location is corrected, and the 

attraction object present at the predetermined location 

can be transported accurately to a next transport 

position. Besides, since the positional displacement 

10 detection element is provided in the nozzle of the 

attracting transport arm, the apparatus is very small in 

size comparing with an alternative apparatus wherein the 

positional displacement is detected using, for example, a 

camera. 

15 As described"above, according to the present 

invention, a light emitting element is disposed either on 

the rear side of a stage at a predetermined location or 

on an attracting transport arm. The stage has a through­

hole provided at the predetermined location such that 

20 rays of light from the light emitting element may not be 

intercepted by the stage. And, a light receiving element 

for receiving the rays of light from the light emitting 

element is disposed on the rear side to the predetermined 

location or the attracting transport arm at which the 

25 light emitting element is not disposed. On the other 

hand, a reflection element is disposed either on a 
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surf ace of a stage at the predetermined location or on an 

attracting transport arm. And, a light emitting element 

and a light receiving element for receiving rays of light 

· from the light ~mitting element via the reflection 

5 element are disposed on the surf ace at the predetermined 

location or the attracting transport arm at which the 

reflection element is not disposed. By this arrangement, 

since useless upward and downward movements as in the 

prior art which only employs a pressure sensor need not 

10 be performed in discrimination of whether or not an 
. 

attraction object is present, the apparatus of the 

present invention is improved in throughput. Further, 

since an attraction object can be detected in a vertical 

direction, a large space in a horizontal plane is not 

15 required for installation of a sensor, and also the 

number of sensors can be reduced comparing with the prior 

art. 

Further, in such an apparatus as described above, 

also positional displacement of the attracting transport 

20 arm can be confirmed. Further, if the apparatus is 

combined with the prior art which employs a pressure 

sensor, then whether or not an attraction object is 

present can be detected with a higher degree of accuracy. 

Fu~thermore, by supplying air of a positive pressure to a 

25 vacuum line of the attracting transport arm and blowing 

out the air from the attraction nozzle, it is possible to 
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clean the light emitting sensor or the reflection element 

disposed at the predetermined position. 
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CLAIMS 

1. An attraction object detection apparatus for 

detecting whether or not an attraction object(ll) to be 

attracted and transported by an attracting transport 

5 arm(12) which is movable in vertical and horizontal 

directions is present at a predetermined location of a 

stage(l3), wherein: 

said attracting transport arm(12) has a nozzle 

hole formed therein in such a manner as to be opened 

IO toward said stage(13) side and communicated with a vacuum 

15 

source; 

· a light emitting element( 14) is disposed either 

on the rear side to said predetermined location or on 

said attracting transport arm(l2); 

said stage has a through-hole provided at said 

predetermined location such that rays of light from said 

light emitting element(l4) may not be intercepted by said 

stage; and 

a light receiving element(l5) for receiving the 

20 rays of light from said light emitting element(14) is 

25 

disposed on the rear side to said predetermined location 

or said attracting transport arm(l2) at which said light 

emitting element(14) is not disposed. 

2. An attraction object detection apparatus for 

detecting whether or not an attraction object(ll) to be 
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attra-cted and transported by an attracting transport 

arm(12) which is movable in vertical and horizontal 

directions is present at a predetermined location of a 

stage(13), wherein: 

said attracting transport arm(12) has a nozzle 

hole formed therein in such a manner as to be opened 

toward said stage(l3) side and communicated with a vacuum 

source; 

a light emitting element(14) is disposed either 

10 on the rear side to said predetermined location or in the 

interior of said nozzle hole of said attracting transport 

arm(12); 

said stage has a through-hole provided at said 

predetermined location such that rays of light from said 

15 light emitting element( 14') may not be intercepted by said 

stage; and 

a light receiving element(lS) for receiving the 

rays of iight from said light emitting element(14) is 

disposed on the rear side to said predetermined !~cation 

20 or in· the interior of said nozzle hole of said attracting 

transport arm(l2) at which said light emitting 

element ( 14) is not dis.posed. 

3. An attraction object detection apparatus as set 

25 forth in claim 2, wherein an upper portion of said 

attracting transport arm(l2) including said light 
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emitt·ing element(l4) or said light receiving element(l5.) 

disposed in the interior of said nozzle hole forms a 

sensor unit(l~) independent of but connectable to said 

attracting transport arm(12) by an optical fiber(18). 

4. An attraction object detection apparatus as set 

forth in claim 2, wherein an upper portion of said 

attracting transport arm(12) including said light 

emitting element(l4) or said light receiving element(lS) 

10 disposed in the interior of said nozzle hole forms a 

sensor unit(19) independent of said attracting transport 

arm(12), and said sensor unit(l9) is secured at a 

posi.tion opposi~g to said predetermined location while 

said attracting transport arm(l2) is so structured as to 

15 allow rays of light from said light emitting element(14) 

to pass thereto. 

5. An attraction object detection method which 

uses an apparatus as set forth in claim 2, wherein, when 

20 said attracting transport arm(l2) is moved to a position 

above said predetermined location, if said light 

receiving element(lS) receives no light, then it is 

discriminated that an attraction object is present, but 

if said light receiving element(l5) receives light, then 

25 it is discriminated that no attraction object is present. 
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·6. An attraction object detection method as set 

forth in claim 5, wherein a vacuum pressure sensor is 

provided in a vacuum line from said nozzle hole of said 

attracting transport arm(12) to said vacuum s~urce, and 

5 after it is discriminated by said light receiving 

element(15) that an attraction object is present, said 

attracting transport arm(l2) is moved downwardly to said 

predetermined location and performs an attraction 

operation to confirm presence or absence of the 

10 attraction object again by means of said vacuum pressure 

sensor. 

7. A positional displacement detection method for 

detecting positional displacement of an attracting 

15 transport arm(12) using an apparatus as set forth in 

claim 2, wherein, when said attracting transport arm(12) 

is moved from a reference position to a position above 

said predetermined location while an attraction 

object(ll) is not present at said predetermined location, 

20 if said light receiving element(l5) does not receive rays 

of light from said light emitting element(14), then it is 

discriminated that the position of said attracting 

transport arm(l2) is displaced from said predetermined 

position. 

25 

8. A positional displacement detection method as 
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set f·orth in claim 7, wherein, after it is discriminated 

that the position of said attracting transport arm(l2) is 

displaced from said predetermined location, said 

attracting transport arm(12) is horizontally moved in an 

5 arbitrary direction until said light receiving 

element(l5) receives the rays of light from ~aid light 

emitting element(l4), and coordinates of the position to 

which said attracting transport arm is to be moved 

upwardly above said predetermined location are corrected 

10 based on coordinates of a position recognized by moving 

means for said attracting transport arm(12} when said 

light receiving element(lS} receives the rays of light. 

9. A cleaning method whic~ uses an apparatus as 

15 set forth in claim 2, wherein positive pressure air is 

supplied into a vacuum line from said nozzle hole of said 

20 

attracting transport arm(12) to said vacuum source to 

blow out the air from said nozzle hole toward said 

predetermined location. 

10. An attraction object detection apparatus for 

detecting whether or not an attraction object(ll) to be 

attracted and transported by an attracting transport 

arm(l2) which is movable in vertical and horizontal 

25 directions is present at a predetermined location of a 

stage(l3), wherein: 
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said attracting transport arm(12) has a nozzle 

hole formed therein in such a manner as to be opened 

toward said stage(13) side and communicated with a vacuum 

source; 

a reflection element(17) is disposed either on 

a surf ace of said stage at said predetermined location or 

on said attracting transport arm(12); and 

a light emitting element(15) and a light 

receiving element(l5) for receiving rays of light from 

10 said light emitting element{l4) via said reflection 

element{l7) are disposed.on the surface at said 

predetermined location or said attracting transport 

15 

arm(12) at which said reflection element(l7) is not 

disposed. 

11. An attraction object detection apparatus for 

detecting whether or not an attraction object{ll) to be 

attracted and transported by an attracting transport 

arm(12) which is movable in vertical and horizontal 

20 directions is present at a predetermined location of a 

stage(13), wherein: 

said attracting transport arm{l2) has a nozzle 

hole formed therein in such a manner as to be opened 

toward said stage(13) side and communicated with a vacuum 

25 source; 

a reflection element(17) is disposed either on 
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a surface of said stage at said predetermined lopation or 

in the interior of said nozzle hole of said attracting 

transport arm(l2); and 

a light emitting element(l4) and a light 

5 receiving element(lS) for receiving rays of light from 

said light emitting element(14) via said reflection 

element(17) are disposed on the surface at said 

predetermined location or in the interior of said nozzle 

hole of said attracting transport arm(12) at which said 

10 reflection element ( 17) is not disposed. 

12. An attraction object detection apparatus as set 

forth in claim 11, wherein an upper portion of said 

attracting transport arm(l2) including said reflection 

15 element(17) or a set of light emitting element(14) and a 

light receiving element(l5) disposed in the interior of 

said nozzle hole forms a sensor unit(l9) independent of 

but connectable to said attracting transport arm(l2) by 

an optical fiber(lB). 

20 

13. An attraction object detection apparatus as set 

forth in claim 11, wherein an upper portion of said 

attracting transport arm(12) including said reflection 

element(17) or a set of light emitting element(14) and a 

25 light receiving element(15) disposed in the interior of 

said nozzle hole forms a sensor unit(l9) independent of 
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said ·attracting transport arm(l2), and 

said sensor unit(19) is secured at a position 

opposing to said predetermined location, while 

said attracting transport arm{12) is so 

5 structured as to allow rays of light from said light 

emitting element(14) to pass thereto. 

14. An attraction object detection method which 

uses an apparatus as set forth in claim 11, wherein, when 

10 said attracting transport arm(l2) is moved to a position 

above said predetermined location, if said light 

receiving element(lS) receives no light, then it is 

discriminated that an attraction object is present, but 

if said light re.ceiving element ( 15) receives light, then 

15 it is discriminated that no attraction object is present. 

15. An attraction object detection method as set 

forth in claim 14, wherein a vacuum pressure sensor is 

provided in a vacuum line from said nozzle hole of said 

20 attracting transport arm(l2) to said vacuum source, and 

after it is discriminated by said light receiving 

element(15) that an attraction object is present, said 

attracting transport arm(12) j,.s moved downwardly to said 

predetermined location and performs an attraction 

25 operation to confirm presence or absence of the 

attraction object again by means of said vacuum pressure 
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16. A positional displacement detection method for 

detecting positional displacement of an attracting . 

6 transport arm(12) using an apparatus as set forth in 

claim 11, wherein, when said attracting transport arm(l2) 

is moved from a reference position to a position above 

said predetermined location while an attraction 

object(ll) is not present at said predetermined location, 

10 if said light receiving element(lS) does not receive rays 

of light from said light emitting element(14), then it is 

discriminated that the position of said attracting 

16 

transport arm(l2) is displaced from said predetermined 

position. 

17. A positional displacement detection method as 

set forth in claim 16, wherein, after it is discriminated 

that the position of said attracting transport arm(l2) is 

displaced from said predetermined location, said 

20 attracting transport arm(l2) is horizontally moved in an 

arbitrary direction until said light receiving 

element(lS} receives the rays of light from said light 

emitting element(14), and coordinates of the position to 

which said attracting transport arm is to be moved 

26 upwardly above said predetermined location are corrected 

based on coordinates of a position recognized by moving 
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means· for said attracting transport arm(l2) when said 

light receiving element(lS) receives the rays of light. 

18. A cleaning method which uses an apparatus as 

5 set forth in claim 11, wherein positive pressure air is 

10 

supplied into a vacuum line from said nozzle hole of said 

attracting transport arm(l2) to said vacuum source to 

blow out the air from said nozzle hole toward said 

predetermined location. 

19. An attraction object detection apparatus for 

detecting whether or not an attraction object(ll) to be 

attracted and transported by an attracting transport 

arm(l2) which is movable in vertical and horizontal 

15 directions is present at a predetermined location of a 

20 

stage(13), wherein 

a proximity sensor(20) is disposed at said 

predetermined location. 

20. An attraction object detection apparatus for 

detecting whether or not an attraction object(ll) to be 

attracted and transported by an attracting transport 

arm(l2) which is movable in vertical and horizontal 

directions is present at a predetermined location of a 

25 stage ( 13) , wherein 

said attracting transport arm(l2) has a nozzle 
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hole ·formed therein in such a manner as to be opened 

toward said stage(13) side and communicated with a vacuum 

source, and 

distance detection m~ans for measuring a 

5 distance to an object present in an opposing direction is 

disposed on said attracting transport arm(l2). 

21. An attraction object detection method which 

uses an apparatus as set forth in claim 20, wherein 

10 presence or absence of the attraction object(ll) is 

discriminated from the fact that the distance detected by 

said distance detection means is different whether the 

object is the attraction object(l2) or said stage(l3), 

and also a distance of downward movement of said 

15 attracting transport arin(l2) is recognized by said 

distance detection means. 
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