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Sl?E;CIFICATION 

TITLE OF THE !NVENTION 

COMPONENT MOUNTING ~PPARATUS AND METHOD 

BACKGROUND OF THE INvENTION 

The present invention relates to component 

mounting apparatus and meth.od for mounting such components 

as electronic components, optical compcnents and mechanical 

components onto a circuit beard or other member onto which 

the components should be mounted. More specifically, the 

10 invention relates to an improvement in the positional 

15 

20 

calibration of the component and the circuit board due to 

any shift of the optical axis of an image recognition 

optical system used in the component mountinq apparatus or 

method. 

Conventionally, in an e lectrcnic component 

mounting apparat~s, an electronic component is mounted onto 

a circuit board after position recognition of the 

electronic component and the circuit board is executed by 

an imaqe recognition optical system for enhanced mounting 

pi:ecision. Then, calibration operation of the imaqe 

recognition optical system is p~rformed in crder to 

suppress any shift of the mountinq pcsiticn due to 

distortion of the image recognition optical sys~em or the 

like caused by changes in environmental temperature around 

25 the electronic component mounting apparatus. 

~ereinbelow, an example of the electronic 

component mounting apparatus accordi!lg tc the p.rior art is 

described with reference to Figs. 16 and 17. Referring to 
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Fig. 16, reference nume~al 921 denotes an electronic 

component, which is stored on a tray 922. Reference 

numeral 923 denotes a head, which sucks up and conveys the 

electronic component 921. Referer-ce numeral 924 denotes a 

S circuit board, which is sucked up and held to a bending 

stage 925. The bonding stage 925 and the tray 922 are 

fixed on a slide base 926. Reference numeral 927 denotes 

an image recognition optical system, which performs 

position recognition of the circuit board 924 and ~he 

10 electronic component 921. Further, the head 923 is movable 

in an X direction, the slide base 926 is movable in a Y 

direction and the image recognition optical system 927 is 

movable in both X and Y directions. 

Referring to Fig. 17, reference numeral 928 

15 denotes a CCD camera of the image recognition optical 

system 927, with a magnifying lens 929 coupled thereto. 

Reference numeral 930 denotes a prism frame in which a 

prism 931 is fixed, and the magnifying lens 929 is coupled 

to this prism frame 930. An image of the electronic 

20 · component 921 sucked up and held to the head 923 or the 

circuit board 924 sucked up and held tc the bonding stage 

925 is taken by the CCD camera 928 via the prism 931 and 

the magnifying lens 929. Then, the image recognition 

optical system 927 takes the image of either the electronic 

25 component 921 or the circuit board 924 thr~ugh a switching 

of the field of view. 

W~th respect to the electronic component mounting 

apparatus constructed as described above, its operation is 
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described below. First, after the head 923 and the slide 

base 926 have moved to specified positions, the head 923 

moves down to pick up the electronic component 921 on the 

tray 922. Subsequently, the head 923 ar.d the slide base 

5 926 move again so that a coarse positioning for mounting 

the electronic component 921 onto the circuit board 924 is 

performed. Subsequently, for checking the position of the 

circuit board 9~4, the image recognition optical system 927 

moves to such a position as to bring a feature point on the 

10 circuit board 924 into the field of view, perfonninq imaqe 

recognition of the featuxe point. Next, for checking the 

position of the electronic component 921, the image 

recognition optical system 927 moves to such a position as 

to brinq a feature point on the electronic component 921 

15 into the field of view, performing image recoqnition of the 

feature point. Then, position correction between the 

circuit boa~d 924 and the electronic component 921 is 

performed based on the image recognition results of the 

circuit board 924 and the electronic component 921, and on 

20 an offset amount (optical-axis shift amount) between a 

field of view "e" on the electronic-component · image 

recognition side and a field of view "f" on the ci.r:cuit­

board image recoqnition side which are ir.putted as 

previously measured and fixed values. After that, the head 

25 923 moves down to mount the electronic component 921 onto 

the circuit board 924. 

However, with the constitution as described above, 

even when the image-pickup positions of the electronic 
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component 921 and the circuit board 924 have changed 

because ot a occurrence of distortion to the holding 

portion of the image recognition optical system 927 due to 

changes in the room temperature or heat generation inside 

5 the apparatus so that the inclination of the optical axis 

has changed_, the position correction would be performed 

based on a decision that merely the position cf the 

electronic component 921 or the circui~ board 924 has 

changed. As a result, there.might occur an issue that the 

10 mounting position of the electronic component 921 is 

shifted with an effect of the change in the inclination of 

the optical axis. 

SOMMARY OF THE INVENTION 

In view of the above issues of the prier art, an 

15 object of the present invention is therefore to provide 

electronic component mounting apparatus and method in which 

the mounting position of the electronic component does not 

shift even when an offset amount between fields of view on 

the electronic-component imaqe recognition side and the 

20 circuit-board image recognition side has changed due to a 

change in the room temperature or heat generation inside 

the apparatus. 

In accomplishing these and other aspects, 

according to a first aspect of the present invention, there 

25 is provided a component mounting apparatus comprising: 

.a component holdinq and conveying device for 

holding and conveying a component and mounting the component 

onto a circuit board; 
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a circuit board holding device for holding the 

circuit board; 

an image recognition optical system for performing 

position recognition of the component and the circuit beard 

5 with different fields of view, respectively; and 

a control section for determining to a plurality 

of times an optical-axis shift amount with the two fields of 

view between a position of the component and a position of 

the circuit board recognized by the image recognition 

10 optical system, and based on determination results, 

determining an optical-axis shift amount for calibration, 

wherein calibration of the image recoqnitian 

optical system is performed based on the optical-axis shift 

amount for calibration determined by the control section and 

15 then the component is mounted onto the circuit board. 

According to a second aspect of the present 

invention, there is p~ovided a component moun~inq apparatus 

according to the first aspect, wherein the control section 

determines the optical-axis shift amount between the two 

20 fields of view of the image recognition optical system to 

three or more times, where if a plurality of shift amounts 

are left after excluding an upper-limit shift amount and a 

lower-limit shift amount from the determined shift amounts, 

a mean value of the left shift amounts is determined and 

25 taken as the optical-axis shift amount fer calibration, 

while if o~ly one shift amount is left after excluding the 

upper-limit shift amount and the lower-limit shift amount, 

the left shift amount is taken as the optical-axis shift 
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amount for calibration, and based on the determined optical­

axis shift a.mount for calibration, the control section 

perfor:ns the calibration of the image recognition optical 

syst:em. 

s According to a third aspect of the present 

invention, there is provided ~ component mour.ting apparatus 

according to the first aspect, wherein the control section 

determines the optical-axis shift amount between the two 

fields of view of the image recognition optical system to 

10 three or more times, where if a difference of one shift 

amount from any other shift amount exceeds a threshold 

value, a mean value of shift amounts except the one shift 

amount is determined and taken as the optical-axis shift 

amount for calibration, and based on the determined optical-

15 axis shift amount for calibration, the control section 

performs the calibration of the image recognition optical 

system. 

According to a fourth aspect of the present 

invention, there is provided a component mounting apparatus 

20 according to the first aspect, wherein when the control 

section determines the optical-axis shift amount, images 

are recognized with individual fields of view to a 

plurality cf times during an imaqe capture process by the 

imaqe recognition optical system, and the control section 

25 determines the optical-axis shift amount between the 

position of the component and the position of the circuit 

board recogni ied by the image recognition optical system 

with the individual fields of view from among results of 
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the plurality of times of recognition, and based on results 

of iterating this determination process ~o a plurality of 

times, deter.nines an optical-axis shift amount for 

calibration, and based on the determined cptical-axis shift 

5 amount for calibration, performs the calibration of the 

image recognition optical system. 

According to a fifth aspect of the present 

invention, there is provided a component mounting apparatus 

comprising: 

10 a component holding and conveying device for 

holding and conveying a component and mounting ~he component 

onto a circuit board; 

a circuit board holding device for holding the 

circuit board; 

15 an imaqe recognition optical system for 

recognizing a position of a marking of a jig with one field 

of view to a plurality of times while holdinq the jig to the 

component holding and conveying device, and recognizes a 

position of the marking of the j i~ with another field of 

20 view to a plurality of times while holding the jig on a 

calibration stage of the circuit board holding device; and 

a control section for determining optical-axis 

shift amounts .between the positions of the marking of the 

jig based on results of the plurality of times of 

25 recoqni:ion with the two fields of view of the image 

recognition optical system, respectively, calculatir.q a mean 

value of the determined optical-axis ~hift amounts, and 

taking the calculated mean value as an op:.ical-axis shift 
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amount for calibration between the two fields of view of the 

image recognition optical system., 

wherein after calibration of the i.~age recognition 

optical system is performed based on the optical-axis shift 

5 amount for calibration determined by the control sect:ion, 

the component is mounted onto the circuit board. 

Accordinq to a sixth aspect of the present 

invention, there is provided a component mounting apparatus 

according to the fifth aspect, wherein when reccqnizin9 

10 positions of the marking of the jig in the two states each 

to a plurality of times, the image recognition optical 

system recognizes a position of the marking of the jig that 

is held by the component holding and conveying device and a 

position of the marking of the jig that is held by the 

15 calibration stage each one time, and then the image 

recognition optical system iteratively recognizes the 

position of the markin9 of the jig in the respective states 

similarly. 

Accordinq to a seventh aspect of the present 
20 invention, there is provided a component mounting apparatus 

according to the fifth aspect, wherein when recognizing 

positions of the marking of the jig in the two states each 

to a plurality of times, the image recognition optical 

system recognizes a position of the maxking of the jig that 

25 is held by the component holding and conveying device to a 

plurality of times, and further recognizes a position of the 

marking of the jig that is held by the calibration staqe to 

a plurality of times. 
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According to an eighth aspect of the present 

invention, there is provided a component mounting apparatus 

according to the fifth aspect, wherein the image recognition 

optical system recognizes positions of the marking of the 

5 jig that is held by the component holding and conveying 

device and of the jig that is held by the calibration stage 

to three or moJ:e times, respectively, the control section 

dete.cmines that if a plurality of shift amounts are left 

after excluding an upper-limit shift amount and a lower-

10 limit shift amount from the three or more shift amounts 

between the two fields of view determined based on results 

of the recognition, a mean value of the left shift amounts 

is determined and taken as the optical-axis shift amount for 

calibration, while if only one shift amount is left after 

15 excluding the upper-limit shift amount and the lower-limit 

shift amount, the left shift amount is taken as the optical­

axis shift amount for calibration instead of determininq the 

mean value. 

Accordinq to a ninth aspect of the present 

20 invention, there is provided a component mounting apparatus 

according to the fifth aspect, wherein the image recognition 

optical system recognizes positions of the marking of the 

jig t:hat is held by the component holding and conveying 

device and of the jig that is held by the calibration stage 

25 to three or more times, respectively, the control section 

determines.that if a difference of or.e shift amount from any 

other shift amount exceeds a threshold value, a mean value 

of shift amounts except the one shift amount is determined 
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and taken as the optical-axis shift amount for calibration. 

According to a 10th aspect of the present 

invention, there is provided a component mounting method 

comprising: 

recognizing to a plurali~y of times a position of 

a marking of a j iq by an image recognition optical system 

while the jig is held by a component holding and conveying 

device which holds and conveys a component and then mount 

the compcnent onto a circuit board; 

10 recognizing to a plurality of times a posi~ion of 

the marking of the jig by the image recognitio~ optical 

system while the jig is held by a calibration stage of a 

circuit-board holding device which holds the circuit board; 

determining an optical-axis shift amount between 

15 the positio.ns of the marking of the jig between the two 

fields of view of the image recognition optical system; and 

calculating a mean value ~f the determined 

optical-axis shift amounts and taking the mean value as an 

optical-axis shift amount between the two fields of view of 

20 the imaqe recognition optical system, and after performing 

calibration based on this optical-axis shift amount, 

mounting the component onto the circuit board. 

According to an 11th aspect of the present 

invention, there is provided a component mounting method 

25 according to the 10th aspect, wherein when the positions of 

the marking of the jig in the two states are recognized by 

the image recognition optical system to a plurality of 

times, the position of the marking of the jig that is held 
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by the· component holding and conveying device and the 

position of the marking of the jig that: is held by the 

calibration stage are recognized by the image recognition 

cptical system each one time, and then the positions of the 

5 marking of the jig in the respective states are recognized 

similarly. 

According to a 12th aspect of the present 

invention, there is provided a component mo:.mting method 

according to the 10th aspact, wherein when the positions of 

10 the marking of the jig in the two states are recognized by 

the image recognition optical system to a plurality of 

times, the position of the marking of the jig ~hat is held 

by the component holding and conveying device is recognized 

by the i~aqe recognition optical system to a plurality of 

15 times, and the position of the jig that is held by the 

calibration stage is recognized by the image recognition 

optical system to a plurality of times. 

According to a 13th aspect of the present 

invention, there is provided a componer.1.t mounting method 

20 according to the 10th aspect, wherein positions of the 

marking of the jig that is held by the component holding and 

conveying device and of the jig that is held by the 

calibration stage are recognized to three or more times, 

respectively, where if a plurality of s~ift amo~nts are left 

25 after excluding an upper-limit shift amount and a lower­

limit shift amount from the three or more shift amounts 

between the ~wo fields c: view determined based on 

recognition results, a mean value of the left shift amounts 
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is dete.tmined and taken as the optical-axis shift amount for 

calibra.tion, while if only or1e shift amount is left after 

excluding the upper-limit shift amount and the lower-limit 

sh!ft amount, the left shift amount is taken as the optical-

5 axis shift amount for calibration instead of determininq the 

mean value, and then the calibration is performed based on 

the determined optical-axis shift amount for calibration. 

According to a 14th aspect of the present 

invention, there is provided a component mounting method 

10 according to the 10th aspect, wherein positions of the 

marking of the jig that is held by the component holding and 

conveying device and of the jiq that is held by the 

calibration stage to three or more times, respectively, 

where if a difference of one shift amount from any other 

15 shift amount exceeds a threshold value, a mean value of 

shift amounts except the one shift amount is determined and 

taken as the optical-axis shift amount for calibration, and 

then calibration is perfoi:::med based on the determined 

optical-axis shift amount for calibration. 

20 Accordinq to a 15th aspect of the present 

invention, there is provided a component mounting apparatus 

according to the first aspect, wherein the control section 

determines ar. optical-axis shift amount with the two fields 

of view between the position of the component and the 

25 position of the circuit beard recognized by the image 

reccgni tion optical system to a plura:i ty of times with 

specified time intervals, and based on results of the 

determination, the optical-axis shift amoun~ for calibration 
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is determined. 

According to a 16th aspect of the present 

invention, there is provided a component moum:ing method 

according to the 10th aspect, wherein when the recognition 

5 is performed by the image recognition optical system to a 

plurality of times, the recognition is performed to a 

plurality of times with specified time intervals. 

According to a 17th aspect of the present 

invention, there is provided a component mounting apparatus 

10 comprising: 

a component holding and conveying device for 

holding and conveying a component and mounting the component 

onto a circuit board; 

a circuit board holding device for holding the 

15 circuit board; 

an image recognition optical system for performing 

position recognition of the component and the circuit board 

with different fields of view, respectively; and 

a control section for determining an optical-axis 

20 shift amount with the two fields of view between a position 

of the component and a position of the circuit board 

recognized by the image recognition optical system, and 

based on determination results, determining an optical-axis 

shift amount for calibration, and after correcting a 

25 mounting position of the component relative to the circuit 

board based on the determined optical-axis shift amount, 

mountinq the component, 

wherein the control section exerts control so that 
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the calibration operation of the imaqe recognition optical 

system is performed during the operation of holding the 

circuit board to the circuit board holding device. 

According to an 18th aspect of the present 

5 invention, there is provided a component mounting apparatus 

according to the 17th aspect, further comprising a 

calibration stage on which a jig for calibration of the 

image recognition optical system is to be placed and which, 

for feeding the circuit board, moves so that the jig for 

10 calibration of the image recognition optical system is 

located at such a position as to be recognizable for the 

image recognition optical system, 

wherein the position of the jig placed on the 

calibration stage is recognized by the image recognition 

15 optical system, whereby the position recognition of the 

circuit board is achieved, and the position of the jig 

resulting when the jiq on the calibration stage is held by 

the component holding and conveying device is recognized by 

the image recognition optical system, whereby the position 

20 recognition of the component is achieved. 

According to a 19th aspect of the present 

invention, there is provided a component mounting apparatus 

according to the 17th aspect, further comprising a 

calibration stage on which a jig for calibration of the 

25 image recognition optical system is to be placed and which, 

for feeding the circuit board, moves so that the jig for 

calibration of the image recognition optical system is 

located at such a position as to be holdable for the 
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component holding and conveying device, 

wherein the position of the j iq placed on the 

calibration stage is recognized by the image recognition 

optical system, whereby the position recognition of the 

5 circuit board is achieved, and the position of the jig 

resulting when the jig on the calibration stage is held by 

the component holding and conveying device is recognized by 

the image recognition optical system, whereby :he position 

recognition of the component is achieved. 

10 According to a 20th aspect of the present 

invention, there is provided a component moun~ing apparatus 

according to the 17th aspect, wherein the control section 

exerts control so that the image recognition for 

calibration of the image recognition optical system is not 

15 performed while a circuit board conveying device is moving. 

According to a 21st aspect of the present 

invention, there is provided a component mounting apparatus 

according to the 17th aspect, wherein the control section 

exerts control fo~: 

20 picking up the circuit board by the circuit board 

conveying device, and concurrently performing . image 

recognition of the jig on the calibration stage for 

calibration by the image recognition optical system; 

after completion of the foregoing two operations, 

25 moving the circuit board conveying device toward the 

circuit board~bolding device, and making the jig picked up 

by the component holding and conveying device; and 

thereafter, mounting the circuit board held by 
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the circuit board conveying device onto the circuit board 

holdinq device, and concurrently performing image 

recognition of the jig held by the component holding device 

for calibration by the image recognition optical system. 

5 According to a 22nd aspect of the present 

invention, there is provided a component mounting method 

comprising: 

making a circuit board held by a circuit board 

holding device, and concurrently performing position 

10 recognition of a component held by a component holding and 

conveying device for calibra~ion with one field of view by 

an image recognition optical system; 

performing position recognition of the circuit 

board held by the circuit board holding device for 

15 calibration with a field of view different from the 

foregoing field of view by the imaqe recognition optical 

system; and 

determining an optical-axis shift amount with the 

two fields of view between the position of the component 

20 and the position of the circui:: board recognized by the 

image recognition optical system, determining an optical­

axis shift amour.t for calibration based on the 

determination results, and afte! correcting a mounting 

position of the component relative to the circuit board 

25 based on the determined optical-axis shift amount, mounting 

the component. 

According to a 23rd aspect of the present 

invention, there is provided a component mounting method 
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according to the 22nd aspect, further moTrinq, when the 

circuit board is held by the circuit board holding device, 

a jig for calibration of the image recognition optical 

system ~hich is placed on a calibration s~age, so that the 

5 jiq for calibration of the imaqe recognition optical system 

is located at such a position as to be recognizable for the 

image recognition optical system. 

According to a 24th aspect of the present 

invention, there is provided a component mounting method 

10 according to the 22nd aspect, further moving a jig for 

calibration of the image recognition optical system which 

is placed on a calibration stage, when the circuit board is 

held by the circuit board holding device, so that the jig 

for calibration of the image recognition optical system is 

15 located at such a posi ticn as to be hcldable for the 

component holdinq and conveying device. 

According to a 25th aspect of the present 

invention, there is provided a component mounting method 

according to the 22~d aspect, wherein the imaqe recoqnition 

20 for calibration of the image reco9nition optical system is 

not performed while the circuit board conveying device is 

moving. 

According to a 26th aspect of the present 

invention, there is provided a component. mounting method 

25 according to the 25th aspect, further ccmp,isi~g: 

.making the ·circuit board picked up by the circuit 

board ccnveying device, and concurren':ly performing image 

recognition of a jig for calibration of che image 
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recognition optical system; 

after completion of the foregoing two operations, 

moving the circuit board conveying device toward the 

circuit board holding device, and making the jig picked up 

5 by the component holding and conveying device; and 

thereafter, mounting the circuit board held by 

the circuit board conveying device onto the circuit board 

holding device, and concurrently performing image 

recognition of the jiq held by the component holding device. 

10 According to a 27th aspect of the present 

invention, there is provided a component mounting apparatus 

according to the 18th aspect, wherein the calibration stage 

is ·located at a deep-side end edge of a slide base in a 

circuit board holding device which holds the circuit board, 

15 which is a region that will ·not obstruct conveying-in and -

out operations of the circuit board. 

20 

According to a 28th aspect of the present 

invention, there is provided a component mounting apparatus 

comprising: 

a component holding and conveying device for 

holding and conveyin9 a component and mounting the component 

onto a circuit board; 

a circuit board holding device for: holding the 

circuit board; 

25 an image recognition optical system for 

recognizing a position of ~ marking of a jig with one field 

of view while holding the jig to the component holding and 

conveying device, and recognizes a position of the marking 
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of the jig with another field of view while ~olding the jig 

on a calibration stage of the circuit board holding device; 

and 

a control section for determining an optical-axis 

5 shift amount between ~he positions· of the marking of the jig 

based on recognition result with the two fields of view of 

the image recognition optical system, which is taken as an 

optical-axis shift amount for calibration between the two 

fields of view of the image.recognition optical system, 

10 wherein after calibration of the image recognition 

optical system is performed based on the optical-axis shift 

amount for calibration determined by the control section, 

the· componen~ is mounted onto the circuit board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 These and other aspects and features of the 

present invention will become clear from the f ollowinq 

description taken in conjunction with the preferred 

embodiments thereof with reference to the accompanying 

drawinqs, in which: 

20 Fig. l is a perspective view showing the overall 

arrangement of an electronic component mounting apparatus 

accoiding to a first embodiment of the present invention; 

Fig. 2 is a perspective view of the calibration 

stage in the state that a jig is placed in the electronic 

25 component mounting appara~us of Fig. l; 

.fig. 3 is a view representing positions of images 

of the jig taken with the upper and--lower fields of view of 

the image recognition optical system of the electronic 
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component mounting apparatus of Fig. 1; 

Fig. 4 is a flow chart of calibration operation 

of the electronic component mounting apparatus of Fiq. l; 

Fig. 5 is a block diagram. showing the arrangement 
.u 

5 of the control section of the electronic component mounting 

10 

15 

apparatus of Fig. l; 

Fig. 6 is a longitudinal side view of the image 

recognition optical system in the first etthodiment of the 

present invention; 

Fig. 7 is a perspective view showing the 

calibration operation in the first embodiment; 

Fig. 8 is a perspective view showinq the overall 

arrangement of an electronic component mounting apparatus 

·according to a second embodiment of the present invention; 

Fig. 9 is a perspective view of the calibration 

stage provided in the electronic component mounting 

apparatus; 

Fig. 10 is a view representing an image taken by 

the image recognition optical system provided in the 

20 electronic component moun~ing apparatus; 

Fig. 11 is a flow cha~t showing operation of the 

electronic component mounting apparatus; 

Fig. 12 is a flow chart showing a circuit-board 

supplying operation and a calibration operation of the 

25 imaqe recognition optical system out of the operation of 

the electronic component mounting appara~us of the second 

embodiment of the invention; 

Fig. 13 is a block diagram of the control section 
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of the· electronic component mounting apparatus of the 

second embodiment of the invention; 

Fig. 14 is a perspective view showing a slide 

base mcvinq device of the elect.r:onic component mounting 

5 apparatus of the second embodiment of the invention; 

Fiq. 15 is a perspective view showing the image­

recognition-optical-system moving device of the elect~onic 

component mo~nting apparatus of the second embodiment of 

the invention; 

10 Fig. 16 is a perspective view showing the overall 

arrangement of an electronic component mounting apparatus 

according to the prior art; and 

Fig. 17 is a longitudinal side view of ~he image 

recognition optical system of the prior art apparatus. 

15 DETAILED OESCRI~TION OF THE PREFERRED EMEODIMENTS 

Before the description of the present invention 

proceeds, it is to be noted that like parts are designated 

by lik~ reference numerals throughout the accompanying 

drawinqs. 

20 Hereinbelow, electronic component mounting 

apparatus and method as an exa..'"!lple of component mounting 

apparatus and method according co a first embodiment of the 

present invention are described with reference to the 

accompanying drawings. 

25 Fig. 1 is a perspective view of the e.!.ectronic 

component Ir.ountinq apparatus which carries cut the 

electronic component mounting method in the first 

embodi~ent of the present invention. fig. 2 is a 
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perspective view of 'Che calibration stage cf the image 

recognition optical system. 

Referring to Fi9. 1, reference numeral 13 denotes 

an elect=onic component, as an example of a component to be 

5 mounted, which is stored on a tray 14. Reference numeral 

15 denotes a bonding head as an example of an electronic­

component holding and conveying device, the bonding head 15 

having a function of moving in an X direction and a 

function of moving up and down in a z direction 

10 perpendicular to the X direction and a Y direction, and 

being operative for vacuum sucking up the electronic 

component 13 with a nozzle 15a and handling it. Denoted by 

reference numeral 16 is a circuit board as an example of a 

member onto which the electronic component 13 is to be 

15 mounted, the circuit board 16 being sucked up and held to a 

bonding stage 11 as an example of a circuit-board holdinq 

device. Then, the bonding stage 1 i and the tray 14 are 

fixed on a slide base 18 having a function of moving in the 

Y direction. Reference numeral 19 denotes an image 

20 recognition optical system, which can recognize the 

position of the circuit board 16 located below the image 

recognition optical system 19 and the position of the 

electronic component 13 sucked up above the image 

recognition optical system 19 by the bonding head 15, 

25 whichever it is, by switching over the upper and lower 

fields of ~iew. Also, the image recognition optical system 

19 is movable in both X and Y directions. Reference 

n~meral 20 denotes a calibration stage, which is fixed on 
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the slide base 18. 

Referring to Fig. 2, a jig 21 made of glass for 

calibration of the optical system is sucked up and held on 

the top of the calibration staqe 20 while keeping 

5 positioned by a pair of position regulating claws 20a, 20a. 

Also, a mai:king 22 for image recognition is marked at a 

center portion of the jig 21. 

Fig. 6 shows in detail the image recognition 

optical system 19. Reference numeral 19a denotes a CCD 

10 camera, with a magnifying lens 19b coupled thereto. 

Reference numeral 19c denotes a prism frame in which a 

prism l9d is fixed, and the magnifying lens 19b is coupled 

to this prism frame 19c. An image of the electronic 

component 13 sucked up and held to the head 15 or the 

15 circuit board 16 sucked up and held to the bonding stage 17 

is taken by the CCD camera 19a via the prism 19d and the 

magnifying lens 19b. Then, the image recognition optical 

system 19 takes the image of either the electronic 

component 13 or the circuit board 16 through a switching of 

20 the field of view. In Fig. 6, reference numeral 419 

denotes upper and lower shutters which are for switching 

between upper and lower fields of view and which are driven 

oy shutter driving units 105. For a switching to the upper 

field of view, the lower shutter 419 is moved to a position 

25 420 in the figure so as to shield the lower field of view 

while the upper shutter 419 is moved to a retreat position, 

allowing only the upper field of view to be recognized by 

the image recognition optical system 19. Meanwhile, for a 
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switching to the lower field of view, the upper shutter 419 

is moved to a position 420 in the figure so as to shield 

the upper field of view while the lower shutter 419 is 

moved to a retreat position, allowing only the lower field 

5 of view to be recognized by the image recognition optical 

system 19. The drive of these two shutters 419 is 

controlled by a main controller 101. 

With respect to the electronic component mounting 

apparatus constructed as described above, its operation is 

10 explained below. 

For mounting the electronic component 13 onto the 

ci.rcui t board 16, a calibration operation of the optical 

system is first executed. The operation is described from 

now on. Fiq. 4 is a flow chart. of calibration operation 

15 for the image recognition optical system 19. 

In the calibration operation, first, the image 

recognition optical system 19 moves in the X direction or 

the Y direction so that the marking 22 of the jig 21 on the 

calibration stage 20 fixed to the slide base 18 becomes 

20 recognizable for the image recognition optical system 19. 

Subsequently, the field of view of the image recognition 

optical system 19 is switched from the upper side to the 

lower side, and the position recognition of the marking 22 

of the jiq 21 mounted on the calibration stage 20 is 

25 performed (step Sl in Fig. 4). 

-Next, the image recognition optical system 1.9 

withdraws (is retreated) backward with respect to the slide 

base 18, i.e., obliquely upward and rightward in the Y 
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direction in Fig. 1. After this, the bonding head 15 moves 

down to pick up the jig 21 on the calibration stage 20 

(step 52 in Fiq. 1). 

Next, the field of view cf the image recognition 

5 optical system 19 is switched to the upper side, and the 

image recoqnition optical system 19 moves forward, i.e., 

obliquely downward and leftward in the Y direction in Fig. 

1, where the position recognition of the marking 22 of the 

jig 21 is~performed again (step S3 in ~ig. 1). The jig 21 

10 is made of glass and pervious to light, so that the same 

marking 22 can be recognized by the upper and lower fields 

of view, respectively. 

Next, after the image recognition optical system 

19 has withdrawn backward, the bonding head 15 moves down 

15 to mount the jig 21 onto the calibration stage 20 (step S4 

in Fiq. l). Then, based on the individual recognition 

results, an optical-axis shift amount (offset amount) 

between the upper and lower fields of view of the image. 

recognition optical system 19 is determined (step SS in Fig. 

20 5). This is explained in detail with reference to Fiq. 3. 

Fig. 3 represents positions of the marking 22 on· 

the jig 21 taken by the image recoqnition optical system 19, 

where 23 represents a position of the marking 22 resulting 

from recognizing an image of the marking 22 with the lower 

25 field of view, and 24 represents a position of the marking 

22 resulting from recognizing an image of the marking 22 

with the upper field of view of the image recognition 

optical system 19. Distances Xl and Yl between the marking 
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23 and "the markinq 24 in this case represent an optical­

axis shift amount between the lower field of view and the 

upper field of view of the image recognition optical system 

19. This optical-axis shift amo1J.nt between the fields of 

5 view would subtly vary due to the occurrence of distor~ion 

of the ima9e recognition optical system 19 etc. caused by 

effects of changes in the environmental temperature around 

the electronic component mounting apparatus. Unless the 

optical-axis shift amount between the fields of view s~ored 

10 in the electronic component mounting apparatus is corrected, 

there would occur a shift in the mounting position 

corresponding to the temperature change. 

Next, the measurement of the optical-axis shift 

amount between the fields of view is performed to a 

15 plurality of times (step S6 in Fig. 4), and a mean value 

among the optical-axis shift amounts between the fields of 

view is determined (step 51 in Fig, 4) • This is because 

one-time measurement would be so much affected by handling 

precision of the jig 21 that the optical-axis shift amount 

20 could not be measured with high precision. Subsequently, 

for prevention of any shift in the mounting position, the 

optical-axis shift amount between the fields of view stored 

in the electronic component mounting apparatus is updated, 

in which process the amount is updated with an optical-axis 

25 shift amount for calibration use dete:r:mined as the above 

means value (step SS in Fig. 4). 

In this connection, as the method for achieving 

the measurement with enhanced calibration precision, the 
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following (1) to <3> methods are available: 

a> The measurement of optical-axi.s shift amount is 

performed to three or mere times at step 56 in order· to 

suppress any effect of the handling precision of the jig 21. 

5 A mean value of measured values is determined, excluding 

the upper-limit measured value and the lower-limit measured 

value, at step S7. The determined mean value is used as a 

calibration result, i.e., an optical-axis shift amount for 

calibration use, at step SS. In addition, when only one 

10 measured value is left after excluding the upper-limit 

measured value and the lower-limit measured value, the one 

measured value is used as an optical-axis shift amount for 

calibration use. 

Q) The measurement of optical-axis shift amount is 

15 performed to three or more times at step S6 in order to 

suppress any effect of the handlinq precision of the jig 21. 

At step 57, if a measured value, even when subtracted from 

the other measured values, results in difference beyond a 

threshold value, a mean value of measurad values is 

20 determined, excluding the aforementioned reeasured value at 

step S7. The determined mean value -is used as a 

calibration result, i.e., an optical-axis shift amount for 

calibration use, at step sa. 
~ For the measurement of the position of the marking 22 

25 of the jig 21 under the image pickup with the upper and 

lower fields of 'liew for enhanced recognition precision, 

image recognition of the marking 22 .is perfot"med to a 

plurality of times (see flows in one-dot chair. line at 
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steps s1 and 53 in Fig. 4). The position of the marking 22 

is determined at step SS based on the plurality of 

recognition results. 

In particular, adopting the CD and ~ methods 

5 makes · it possible to eliminate any effect of an abrupt, 

large shift of the jig 21 during the handling of the jig 21, 

as it may arise on rare cccasions. 

Referring now to a control section 200 relating 

to the calibration operation of the image recognition 

10 optical system 19, its construction and the operation flow 

are explained in more detail with reference to Figs. 4 and 

s. 
In the first place, the construction of the 

control section 200 provided in the electronic component 

15 mounting apparatus is explained. 

Referring to Fig. 5, reference numeral 101 

denotes a main controller of the control section 200 that 

controls the whole electronic component mounting apparatus. 
, 

The main controller 101 issues operation instruc~ions and 

20 calculation instructions and puts data into and out of 

memories according to a concatenated control sequence. 

Reference numerals 102, 103, 104 denote motor drivers, 

which correspond to a motor for moving the image 

recognition optical system 19 in the X direction, a motor 

25 for moving the image recognition optical system 19 in the Y 

direction and a rnote-r for mo·ving the bonding head 15 in the 

z (vertical) direction, respectively. Drivers 

corresponding to other motors are omitted in this figure. 
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Reference numeral 105 denotes shutter driving units such as 

motors or air cylinders, which drive the shutters 419 for 

switching between the upper and lower fields of view of the 

image recognition optical system 19. Reference numeral 106 

5 denotes a nozzle suction driver, which performs the on-off 

switching of the suction of the suction nozzle lSa of the 

bonding head 15. Reference numeral 107 denotes an image 

recognizing section, which captures the marking 22 of the 

jig 21 for calibration use as image data by the image 

10 recoqni tion optical system 19. Then, the captured image 

data is stored in a me.rnory 108. Reference numeral 109 

denotes an image processing section, which determines the 

position of the target, i.e. the marking 22, from the image 

data stored in the memory 108. The positional data of the 

15 marking 22 is stored in a memory 110. Reference nt:l'l'leral 

111 denotes a calculating section, which calculates an 

optical-axis shift amount (offset amount) from the position 

of the marking 22 of the jig 21 stored in the memory 110. 

Then, the calculated optical-axis shift amount is stored in 

20 the memory 110. Also, d4ta of target coordinates for the 

movement of respective motor drive shafts have been stored 

in a memory 112. Production conditions for producing the 

circuit board 16 on which the electronic components 13 are 

mounted have been stored in a memory 113. 

25 Next the control flow is described. First, the 

:nain controller 101 reads from the memory 112 the X- and Y­

coordinates stored in t:he :nemory 112 to which the image 

recognition optical system 19 should be moved to recognize 



30 

the imaqe of the marking 22 of the jiq 21 on the 

calibration stage 20, and issues instructions to the 

drivers 102, 103 so that the image recognition optical 

system 19 moves to the x- and Y-coordinates. Then, the 

5 image recognition optical system 19 moves to the X- and Y­

coordinates. Subsequently, the main controller 101 issues 

an instruction to the shutter driving unit 105 to make the 

field of view of the image i:eccgnition optical system 19 

switched to the lowei: side, thus switching the shutter 491 

10 to the lower side one as previously described. 

Subsequently, the main controller 101 issues an instruction 

to the image recognizing section 107 to capture an L~age, 

thus making an image of the marking 22 of the jig 21 on the 

calibration stage 20 captured by the image recognition 

15 optical system 19, and further storing the captured imaqe 

data into the memory 108. Subsequently, the main 

controller 101 issues an instruction for image processing 

to the image processing section 109, so that the image 

processinq section 109 calculates a position 22:..1 of the 

20 markinq 22 of the jig 21 from the above image data stored 

in the memory 110 , storing it into the memory 110. The 

processes up to this point are the operation of step 51 in 

Fig. 4. 

Next, in order that the image recognition optical 

'25 system 19 withdraws up to the rear x- and. Y-coordinates 

stored in· the memory 112, the main cor .. troller 101 reads 

from the memory 112 the X- and Y-cocrdinates to which the 

image recognition optical system 19 should move backward, 
····-
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and then issues instructi~ns for the drivers 102, 103 to 

move backward to the x- and Y-coordinates, so that the 

imaqe recognition optical system 19 is moved backward up to 

the X- and Y-coordinates. 

5 Next, the main controller 101 reads from the 

memory 112 a Z coordinate which is stored in the memory 112 

and to which the bonding head 15 should move down to pick 

up the jig 21 on the calibration stage 20, and issues an 

instruction to the driver 104 so ~hat the bonding head 15 

10 moves to the z-coordinate, thus the bonding head 15 moving 

down. Subsequent.ly, the main controller 101 issues an 

instruction for the nozzle suckup driver 106 to turn on the 

suckup of the jig 21 by the nozzle 15a, so that the jig 21 

is sucked up by the noz z:.e 15a of the .b.ondinq head 15. 

15 Subsequently, the main controller 101 issues an instruction 

for the driver 104 to ;move to the coordinate origin, thus 

the nozzle lSa of the bonding head 15 moving up. The 

processes up to this point are the operation of step S2 in 

Fiq. 4. 

20 Next, the main controller 101 issues an 

i~structicn for ~he shutter driving unit 105 to switch the 

field of view of the image recognition optical system 19 to 

the upper side one, thereby switching the shutter from the 

lower side to the upper side as previously described. 

25 Subsequently, the main controller 101 issues an instruction 

for the image recognizing section 107 to capture an image, 

so that ar. image of the marking 22 of the jig 21 sucked up 

by the nozzle lSa of the bonding head 15 is captured by the 
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image recognition optical system 19' thus storing image 

data into the memory 108. Subsequently, the main 

controller 101 issues an instruction for the image 

processing· section 109 to perform image processing, so that 

5 the image processing section 109 calculates a position 22-2 

of the marking 22 of the jiq 21 from ~he image data stored 

in the memory 108, thus storing it into 'the memory 110. 

The processes up to this point are the operation of step 53 

in Fig. 4. 

10 Next, the main controller 101 issues an 

instruction for the calculating section lll to determine an 

optical-axis shift amount between the upper and lower two 

fields of view, i.e. offset amount, of the image 

recognition optical system 19, so that the calculating 

15 section 111 calculates the optical-axis shift amount by 

performing calculations from the position 22-1 of the 

marking 22 of the jig 21 and the position 22-2 of the 

marking 22 of the jig 21 stored in the memory 110, storing 

the calculated optical-axis shift amount into the memory 

20 110. This operation is the optical-axis shift amount 

calculating operation of step SS. This operation of step 

SS may be done after the operation of returning the jig 21 

to the calibration stage 20 at step 54 as shown in Fig. 4, 

whereas the operation may also· be done bef ~re the operation 

25 of step S4. Otherwise, the steps 54 and SS r.tay be 

performed simultaneously. 

Next, the main controller 101 reads the x- and Y­

coordinates stored in the memory 112 to which the image 
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recognition optical system 19 should be moved to withdraw 

backward, and issues an instruction for the drivers 102, 

103 to move to the coordinates, so that the image 

recognition optical system 19 moves to the coordinates. 

5 Next, the main controller 101 reads from the 

memory 112 the z-coordinate stored in the memory 112 to 

which the nozzle 15a of the bonding head 15 should be moved 

down to release the jiq 21 on the calibration stage 20, and 

issues an instruction for the driver 104 to move the nozzle 

10 lSa of the bonding head 15 up to the Z-coordinate, so that 

the nozzle 15a of the bonding head 15 moves down to the z­
coocdinate. Subsequently, the main controller 101 issues 

an ·instruction for the nozzle suckup driving unit lO 6 to 

turn off the suckup of the jig 21 by the nozzle lSa, thus 

15 stopping the suckup of the jig 21 by the nozzle 15a of the 

bonding head 15, and returning the jig 21 onto the 

calibration stage 20. Subsequently, the main controller 

101 issues an instruction to the driver 104 for the nozzle 

lSa of the bonding head 15 to move up to the coordinate 

20 origin, so that the nozzle 15a of the bonding head 15 moves 

up to the coordinate 

operation of step 54. 

Then, the 

o:rigin. These processes are the 

main controller 101 iterates the 

measurement of optical-axis shift amount of the steps Sl to 

25 SS until the number of times of measurement of optical-axis 

shift amount stored in the memory 113 is reached (step S6 

in Fi9. 4) • 

Then, based on t.he optical-axis shift amounts 
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measured and stored in the memory 108, as shown in step 57, 

a mean value of the optical-axis shift amauncs to be used 

for calibration is determined by the calculatinq sec:tion 

111 in the following manner. 

5 If it is set in the memory 113 that the 

measurement of optical-axis shift amount is performed to 

three or more times and that the upper- and lower-limit 

measured values are excluded, a mean value of optical-axis 

shift amounts is determined with the remaining measured 

10 values after excluding the upper-limit measured value and 

the lower-limit measured value as invalid, and the 

resulting mean value is stored in the memox:y 110 as the 

calibration result, i.e., the optical-axis shift amount for 

calibration use. In addition, when only one measured value 

15 · is le~t after excluding the upper-limit measured value and 

the· lower-limit measured value over the three times of 

measurement, the one measured value is used for calibration 

as an optical-axis shift a..~ount for calibration use. 

Otherwise, in the case where a threshold value 

20 for variations in the optical-axis shift amount is set in 

the memory 113, differences between the measured values are 

calculated by subtracting one measured value from the other 

measured values, and if the difference between a measured 

value and any of the other measured values, results beyond 

25 the threshold value, a mean value of the measured values is 

determined·, excluding the aforementioned measured value, 

and the determined mean value is stored in the memory 110 

as an optical-axis shift amount for calibration use. 
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Also, without the setting for the exclusion of 

the upper- and lower-limit measured values, and without the 

setting of a threshold value, a mean value of optical-axis 

shift amounts is determined from all the meas~red values of 

5 the optical-axis shift amounts, and the determined mean 

value is stored in the memory 110 as an optical-axis shift 
: 

amount for calibration use. 

Also, when the number of times of recognition is 

set in the memory 113, image capturing process is performed 

10 continuously to the set number of times as shown by one-dot 

chain line at steps Sl and S3 in Fig. 4 in the capturing of 

the image of the marking 22 cf the jig 21. Then, mean 

values among a plurality cf positions of the marking 22 of 

the ji9 21 determined from a plurality of image data are 

15 !ietermined, respectively, an.d the determined mean values 

are stored in the memory llO as the positions 22-1, 22-2 of 

the marking 22 of the jig 21 and used to calculate the 

optical-axis shift amounts between the fields of view, 

respectively. 

20 Next, the operaticn of bonding the electronic 

component 13 onto the circuit board 16 is performed. This 

operation is described below. 

First, in orde~ that the imaqe recognition 

optical system 19 is enabled to check the position of the 

25 circuit board 16 on the bonding stage l 7 mounted on the 

slide base 18, the slide base 18 and the image rscognition 

optical system 19 are moved under the control of the main 

controller 101. For this process, feature points for 
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position checking are marked in the circuit board 16. 

Next, by the control of the main controller 101, 

the field of view of the image recognition optical system 

19 is switched from the upper side to the lower side, where 

5 the position recognition of the circuit board 16 mounted on 

the bonding stage 11 is performed. 

Next, after the slide base 18 and the image 

recognition optical system 19 are moved to specified 

positions, the position recognition of the electronic 

lO component 13 on the tray 14 is performed by the image 

recognition optical system 19. 

Next,. after the bcndinq head 15 and the slide 

base 18 a~e moved based on the above recognition results, 

the bonding head 15 moves down to suck and pick up the 

15 electronic component i3 on the tray 14. 

Next, the bonding head 15 and the image 

recognition optical system 19 are moved to specified 

positions, and the field of view of the i..~age recognition 

optical system 19 is switched to the uppe£ side, performing 

20 the position recognition of the electronic component 13 

sucked up to the bonding head 15. '!'hen,. by takinq into 

consideration the i~age reco9nition results of the circuit 

board 16 and the electronic component 13 as well as the 

calibration result of the image recognition optical system 

25 19, i.e., the optical-axis shift amount for calibration use, 

the posit.i:on correction bet.ween the circuit board 16 and 

the electronic compor.ent 13 is performed, and after this, 

the bonding head 15 moves down to mount the electronic 
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component 13 onto the circuit board 16. 

As described above, according to this first 

embodiment, measurement of the optical-axis shif"t a.-nount 

(offset amount) between the fields of view of t!le image 

5 recognition optical system 19 is performed t:o a plurality 

of times during the calibration operation, and a measured 

value selected from among the measured values of the 

plurality of measurements or a mean value of those measured 

values is used as an optical-axis shift amount of 

10 calibration use. Thus, while the degree of effect of the 

handling precision of the jig 21 is suppressed low, the 

optical-a.xis shift amount between the lower-side field of 

view and the upper-side field of view of the image 

recognition optical system 19 can be determined with high 

15 precision so that any shift of the mountin9 position of the 

electronic component 13 relative to the circuit board 16 

can be suppressed. 

In this first embodiment, after a position 

recognition operation of the marking 22 of ~he jig 21 on 

20 the calibration staqe 20 is performed at step Sl, another 

position recognition operation of the marking 22 of the jig 

21 sucked up by the nozzle 15a of the bonding head 15 is 

performed a~ steps S2 and SJ. However, it is also possible 

that, conversely, after the operation of steps 52 and S3 is 

25 performed, the operation of step 51 is performed. 

As shown above, according to the present 

invention, the optical-axis shift amount (cff set amount) 

between the fields of view of the image recognition optical 
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system is determined to a plurality of times, and then 

based on the optical-axis shift amounts of the plurality of 

times of measurement, an optical-axis shift amount for 

calibration use is determined, for example, by taking a 

5 mean value ·of those values. Thus, while the degree of 

effect of the handling precision of the jig in determining 

the optical-axis shift amount for calibration use is 

suppressed low, the offset amount (optical-axis shift 

amount) between the lower-side field of view and the upper-

10 side field of view of the image recognition optical system 

can be determined with high precision so that any shift of 

the mounting position of a component relative to the membe~ 

onto which the component should be mounted can be 

suppressed. 

15 Furthermore, in this first embodiment, when the 

plurality of times of measurement of the optical-axis s~ift 

amount is performed only once, for example, before the 

start of the mountinq operation, there are some cases where 

some distortion occurs to the holding portion of the imaqe 

20 recognition optical system due to changes in the room 

temperature or heat generation inside the apparatus during 

the mounting operation, causing the inclination of the 

optical axis to change, so that the mounting position of 

the component is shifted as a malfunction. Accordingl~, to 

25 prevent this occurrence, it is preferable that, after the 

shift optical-axis shift amount is measured once as 

described above, a similar measurement is done after an 

elapse of another specified time, for example, two hours, 
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and an 'offset of the optical-axis shift amount is updated 

based on the measurement result. 

This is expiained more concretely with respect to 

an operation of mounting the electronic component 13. 

5 First, after the head 15 and the slide base 18 have moved 

to specif'ied positions, the head 15 moves down to pick up 

the electronic component 13 on the tray 14. Subsequently, 

the head 15 and the slide base l8 move again so that a 

coarse positioning for mounting the electronic component 13 

10 onto the circuit boazd 16 is performed. Subsequently, for 

checking th.e position of the circuit board 16, the image 

recognition optical system 19 moves to such a position as 

to bring a feature point such as a recognition mark on the 

circuit board 16 into the field of view, performing imag~ 

15 recognition of the feature point by the imaqe recognizing 

section 107. Next, for checking the position of the 

electronic component 13, the image recoqnition optical 

system 19 moves to such a position as to bring the feature 

point such as a recognition mark on the electronic 

20 component 13 into the field of view, performing imaqe 

recognition of the feature point by the image recognizing 

section 107, Then, position correction between the circuit 

board 16 and the electronic component 13 is performed based 

on the image recognition results of the circuit board 16 

25 and the electronic component 13 and the latest calibration 

result of the image recognition optical system 19 which are 

stored in the memory 113. After thae, the head 15 moves 

down to mount the electronic component 13 or.to the circuit 
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board 16. 

As shown above, according to chis first 

embodiment, the position correction during the electronic 

component mounting operation is implemented by an amount of 

5 off set between the field of view on the electronic­

component image recognition side and the field of view on 

the circuit-board image recognition side measured and 

updated in the memory 113 at intervals of a specified time, 

for example, two hours. As a result, the mounting position 

10 of the electronic component will never be shifted even if 

the inclination of the optical axis has changed because of 

an occurrence of distortion to the holding portion of the 

image recognition optical system due to cha~ges in the room 

temperature or heat generation inside the apparatus. 

15 With the electronic component mounting apparatus 

and method of the present invention, as apparent from the 

foregoing description, the off set amount between the fields 

of view of the image recognition optical system is measured 

at regular time intervals, the correction of the image 

20 recognition results of the electronic component and the 

circuit board is made based on the measurement results. 

Thus, it becomes possible to achieve a position correction 

free from any distortion of the holding portion of the 

image recognition optical system during the electronic 

25 component mounting operation, so that the electronic 

component -can be mounted with high precision even upon 

occurrence cf changes in the room temperature or heat 

generation inside the apparatus. 
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Hereinbelow, electronic component mounting 

apparatus and method according to a second embcdiment of 

the present invention are described with reference to the 

accompanying drawings. 

5 Fig. 8 is a pe.rspecti .. 1e view of an electronic 

component mounting appa~atus as an example cf the component 

mounting apparatus. Fig. 9 is a perspective view of the 

staqe for calibration of the image recognition optical 

syste..~ provided in the electronic component mounting 

10 apparatus. 

Referring to Fig. 8, reference numeral 223 

denotes an electronic compo~ent, as an example of the 

component, which is mounted on a circuit board 224 as an 

example of a member to which the component should be 

15 mounted. Reference numeral 225 denotes a storage magazine, 

in which a plurality of tray plates 226 are set up, where a 

plurality of electronic components 223 prior to the 

mounting to the circuit board 224 are stored on the tray 

plates 226. Reference numeral 227 denotes a lifter, which 

20 performs lifting and lowering operations of the storage 

magazine 225. Reference nume£al 228 denotes a drawing unit 

having functions of moving forward and backward in a Y 

direction and clamping the tray plates 226, thus performing 

a drawing operation of a tray plate 226 to t:he storage 

25 magazine 225. Reference nut:teral 229 is a reversal head 

having a tunction of moving up and down, and enabled to 

pick up the electronic component 223 on the tray plate 226 

by vacuum suction. Also, the reversal head 229 has a 



.· 
42 

function of moving in an X direction perpendicular to the Y 

direction .and being a function of turning 180° in ar. A 

direction. Reference numeral 230 denotes a .recognition 

camera, which has a function of checking the position of 

5 the electronic component 223 on the tray plai:.e 226 and 

which moves in the X direction toqether with the reversal 

head 229. Reference nu.~eral 231 denotes a bonding head as 

an example of a component holding and conveying device, the 

bonding head 231 having a function of moving in the X 

10 direction and a function of moving up and down along an up­

and-down direction perpendic~lar both X and Y directions, 

and being enabled to pick up the electronic component 223, 

which has been sucked up and held to the reversal head 229, 

from the reversal head 229 by vacuu."tl suction and then 

15 moun~inq the electronic component 223 onto the circuit 

board 224. 

Reference numeral 232 denotes a bonding stage, as 

an example of a circuit-board holding device, which sucks 

up and holds the circuit board 224. Then, the bonding 

20 staqe 232 is fixed on a slide base 233. The slide base 233 

has a function of being able to move in the Y. direction 

under the guide of quide members 341, 341 by ro~ationally 

driving a ball screw 340a with a servo motor 340 shown in 

Fiq. 14. Reference numerals 234, 235 denote conveyor arms, 

25 each as an example of a circuit-board cor.veying device, 

which are eqaipped with four suction pads 236 at the tip of 

each of the conveyo:r arms 234, 235, and which have a 

function of movinq up and down and a function of moving in 

•. ·.~-l 
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the X direction. The tip portion of the conveyor arm 235, 

although not shown in the figure, has a construction 

similar to the conveyor arm 234. The conveyor arm 234 is 

enabled to suck up and convey the circuit board 224, which 

5 has been conveyed up by a pair of loader conveyors 237, 

with the four suction pads 236 and then mount the circuit 

board 224 onto the bonding stage 232. Further, the 

conveyor arm 235 is enabled to transfer the circuit board 

224 placed on the bonding stage 232 to a pair of unloader 

10 conveyors 238 with four suc~ion pads. 

Reference numeral 239 denotes an imaqe 

recogni~ion optical system, which can recognize the 

position of the circuit board 224 located below the imaqe 

recognition optical system 239 and the position of the 

15 electronic component 223 located above the image 

recognition optical system 239 t~rough the switching of.the 

field of view. Also, the image recognition optical system 

239 is movable in both X and Y directions by turning a ball 

screw 361 with rotation of an X-direction movement motor 

20 360 shown in Fig. 15, and by turning a ball screw 371 with 

rotation of a Y-direction movement motor hidden below in 

Fig. 15, respectively. Reference nu.'tleral 240 denotes a 

calibration stage, which is mounted on the slide base 233. 

The calibration stage 240 is moved integrally by the Y-

25 direction movement of the slide base 233 during the feed of 

the circuit board, so that a jig 241 for use of calibration 

of the image recognition optical system is located to an 

image-recognizable position for the image recognition 



44 

optical· system 239. Besides, the calibration stage 240 is 

moved integrally by the Y-direction movement of the slide 

base 233 during the feed of the circuit board, so that the 

jig 241 for use of calibration of the image recognition 

5 optical system 239 is located ~o a pickup-enabled position 
. ' .. 

for the bonding head 231~ 

Referring to Fig. 9, the jig 241 made of glass 

for calibration of the image recognition optical system 239 

is sucked up and held on the top of the calibration stage 

10 240. Also, a marking 242 for image recognition is marked 

at a center portion of the jig 241. 

Various operations of the electronic component 

mounting apparatus are controlled by a con~rol section 400. 

This control section 400, as shown in Fig. 13, is equipped 

15 with a main controller 301 which outputs operation 

instructions, calculating instructions and the like 

according to a concatenated control sequence, and puts data 

into and out of a memory 310. For the main controller 301 

to output the operation instructions and the like and to 

20 receive various types cf signals, connected to the main 

controller 301 are driving units and the like for such 

mechanisms as the conveyor arms 234, 235, the bonding stage 

232, the bondinq head 231, the slide base 233, the 

calibration stage 240, the loader and unloader conveyors 

25 237, 238, the image recogniticn optical system 239, the 

reversal head 229, the drawing unit 228, the lifter 227, so 

that these members are operation-controlled by the main 

controller 301, respectively. More specifically, the 
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members· connected to the main controller 301 include: a 

driving unit for up-and-down and X-direction movements of 

the conveyor arms 234 1 235 and a vacuum suction device for 

the suction pads 236 of the arms 234, 235; a vacuum suction 

5 device for suction of the circuit board 224 by the bonding 

stage 232; a Y-direction movement motor for the slide base 

233; an X-direction move.~ent motor, a Y-direction movement 

motor, and shutter driving units for switching of the 

upper-and-lower fields of view for the image recognition 

10 optical system 239; the memory 310 for storing vaxious 

types of data; an image recognizing section 307 for 

capturing the marking 242 of the jig 241 for calibration by 

the· imaqe recognition optical system 239 as image data and 

making the image data stored in the memory 310; ·an image 

15 processing section 309 for processing the image captured by 

the image recognizing section 307 and stored in the memory 

310; a calculating section 311 for calculating an optical­

axis shift amount between the upper-and-lower fields of 

view after the image precessing by the image processing 

20 section 309, and then storing calculation results into the 

memory 310; an X-direction movement motor, an up-and-down 

movement motor, and a vacuum suction device for suction of 

the component suction nozzle for the bending head 231; and 

a vacuum suction device for suction of the calibration 

25 stage 240. It is noted that the other drivers are omitted ... 
in the fig-ure. 

With respect to the electronic component mounting 

apparatus constructed as described above, its operation is 
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now explained with reference to Fig. 11. The following 

operations are executed under the control of the main 

controller 301. 

First, (11) a feeding operation of the electronic 

component 223 {step 521 in Fig. 11) is executed. This 

operation is detailed below. The lifter 227 moves up or 

down so as to come to a specified height for drawing out 

the -cray plate 226. Subseq-.iently, the tray plate 226 se't 

in the storage magazine 225 is clamped and drawn· out by the 

drawing unit 228. Subsequently, the position of the 

electronic component 223 on the tray plate 226 is chec~ed 

by the recognition camera 230. Subsequently, based on the 

position checking results, ehe drawing unit 228 and the 

reversal head 229 are moved so that the electroni·c 

15 component 223 can be picked up by the reversal head 229, 

and then the reversal head 229 moves down to pick. up the 

electronic component 223. Subsequently, the reversal head 

229 turns 180° in the A direction and moves in the X 
direction to a position where the electronic component 223 

20 can be delivered to the bondinq head 231. 

While the sequential operation for feeding the 

electronic component 223 with the reversal head 229 is 

carried out, {12) a feeding operation of the circuit board 
224 (step S22 in Fig. 11), (13) a calibration operation of 

25 the image recognition optical system 239 {step 523 in Fig. 

11), and· {14) a position recognition operation of the 

circuit board 224 (s-:.ep S24 in Fig. 11) a.re also carried 

out, where (12) the feeding operation cf the circuit board 
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224 (step S22) and (13) the calibration operation of the 

image recognition optical system 239 (step S23) are carried 

out concurrently, and after both operations have been 

completed, (14) the posi'tion recognition operation of the 

5 circuit board 224 (step 524) is carried out. 

First, (12) the f·~eding ope.ration of the circuit: 

board 224 (step S22) is explained. The circuit board 224 

is first conveyed by the pair of loader cor.•1eyors 237 from 

the right of the electronic component mounting apparatus of 

10 Fig. 8 to a position where the circuit board 224 can be 

picked up by the conveyor arm 234. Subsequently, the 

conveyor arm 234 moves in the X direction for pickup of the 

circuit board 224, and then moves down to suck up and hold 

the circuit board 224 with the four suction pads 236, thus 

15 picking up the circuit board 224. Subsequently, the 

conveyor arm 234 moves in the X direction, and mounts onto 

the bonding stage 232 the circuit board 224 sucked up and 

held by the suction pads 236. Also, if any circuit board 

224 over the mounting of all the electronic components 223 

20 ·is left on the bonding staqe 232, the operation of 

conveying out the circuit board 224 to the pair of unloader 

conveyors 238 by usinq the conveyor arm 235 is concurrently 

carried cut with the feeding operatior. of the circuit board 

224. During this process, the slide base 233 is located at 

25 the position of the origin en the·Y-direction movement axis 

of the bal~ screw 340a driven by the servo mo~or 340. 

Next, (13) the calibration operation of the image 

recognition optical system 239 (step 523) is explained. 
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The ima'ge recognition optical system 239 moves in the X 

direction and/or the Y direction so that the markinq 242 of 

the j ic; 241 on the calibration stage 240 mounted on the 

slide .base 233 becomes recognizable for the image 

5 recognition optical system 239. In this process, the slide 

base 233, which does not need to move, is located at the 

position of the origin of the Y'-direction movement axis. 

Subsequently, the image recognition optical system 239 is 

switched to the lower-side field of view, and performs the 

10 position recognition of the marking 242 of the jiq 241 

mounted on the calibration stage 240. The recognized image 

is stored in the memory 310, and the position o! the 

marking 242 is calculated by the image processing sec~ion 

309 based on this image and stored in the rne..i.'llory 310. 

. 15 Subsequently, the imaqe recognition optical system 239 

withdraws backward (obliquely upward and rightward in Fig. 

8), and then the bondinq head 231 moves down to pick up the 

jig 241 by suction. Subsequently, the image recognition 

optical system 239 is switched to the upper-side field of 

20 view, and moves forward (obliquel~ downward and leftward in 

Fig. 8), performinq the position recognition of the marking 

242 of the jig · 241 once again. The jig 241 is made of 

glass and pe:vious to liqht, so that the same marking 242 

can be recognized by the respective fields of view. 

25 Therefore, the position recognition of the marking 242 of 

the jig 24.1 held by the bonding head 231 is performed, and 

the recognized imaqe is stored in the memory 310, and 

further the position of the marking 242 is calculated by 
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the image processing section 309 and stored in the memory 

310. Subsequently, the image recognition optical system 

239 withdraws backward, and then the bonding head 231 moves 
' 

down to mount the jig 241 onto the calibration stage 240. 

5 Then, based on the respective recognition results stored in 

the memory 310, an optical-axis shift amount (offset 

amount) between the fields of view of the image recognition 

optical system 239 is determined by the calculating section 

311. This is described in detail with reference to Fig·. 10. 

10 Fig. 10 represents a position of the marking 242 

of the jig 241 captured by the image recognition optical 

system 239, where 243 represents a position of the marking 

resulting from recognizing an image of the marking 242 with 

the lower field of view, and 244 represents a position of 

15 the marking resulting from recognizing an image of the 

marking 242 with the upper field of view. Distances X2 and 

Y2 between the marking 243 and the marking 244 in this case 

represent an optical-axis shift amount (offset amount) 

between the lower field of view and the upper field of view 

20 of the image recoqnition optical system 239. This optical­

axis shift amount would subtly vary due to the occurrence 

of distortion of the image recognition optical system 239 

or the like caused by effects of changes in the 

environmental temperature around the electronic component 

25 mounting apparatus. Onless the optical-axis shift amount 

stored in· the memory 310 of the electronic component 

mounting apparatus is corrected, there would occur a shift 

in the mounting position corresponding to the change. 
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Therefore, in order to prevent any shift of the mounting 

position, the optical-axis shift a.~ount between the fields 

of view stored in the memory 310 of the electronic 

component mounting apparatus is updated by the calibration 

5 operation. 

Neither (12) the feeding operation of the circuit 

board 224 (step 522) nor (13) the calibration operation of 

the imaqe recognition optical system 239 (step S23) 

requires the slide base 233 to be moved, and both 

10 operations can be implemented while the slide base 233 is 

in the position of the origin on the Y-dixection movement 

axis. Therefore, (12) the feedinq operation of the circuit 

board 224 (step 522) and (13) the calibration operation of 

the image recognition optical system 239 (step S23) can be 

15 implemented concurrently. 

However, when the conveyor arms 234, 235 are 

moved in the X direction, any force is applied to a base 

299 of the electronic component mounting apparatus due to 

acceleration and/or deceleration of the speeds of the 

20 conveyor arms 234, 235, so that vibrations occur to the 

whole electronic component mountinq apparatus. When this 

occurs, the bonding head 231 and the calibration stage 240 

are also vibrated by the vibrations cf the whole electronic 

component mol.lnt:inq apparatus. rf the image recognit:ion of 

25 ~he marking 242 of the jig 241 is performed at this timing, 

the image· would blur, resulting in lowered precision of 

imaqe recoqni ti on and therefore lowered precision of the 

measurement of the optical-axis shift. amount between the 
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upper field of view and the lower field of view, as an 

issue. This being the case, in this embodiment, it is 

controlled that, under the control of the control section 

400, the conveyor arms 234, 235 start to move in the X 

5 direction after the completion of the imaqe recognition of 

the marking 242 of the jig 241 with the lower field of view 

in the calibration operation, and the image recognition of 

the marking 242 of the jig 241 with the upper field of view 

is perforzr1ed after the completion of the movement of the 

10 conveyor arms 234, 235 in the X direction. In addition, 

the completion of each operation can be ccnfirmed by, as an 

example, outputting a completion siqnal from the operation­

completed device to the main controllet 301 at the time of 

the completion of the operation, and then by the main 

15 controller 301 receiving the completion signal. After the 

completion confirmation, a signal for driving the next 

drivin·g unit may be cutputted from the main cont.roller 301 

to the next drivinq un!.t. A flow chart showing such an 

operation is shown in Fig. 12. That is, first, while the 

20 pickup of the circuit board 224 by the conveyor arms 234, 

235 or the conveyor arm 234 is performed at step SSO, at 

the same time, the imaqe recognition of the marking 242 of 

the jig 241 with the lower field of view is performed at 

step S53. Subsequently, while the X direction movement of 

25 the conveyor arms is performed at step S51, the pickup of 

the jig 241 by the bonding head 231 is performed at step 

S54. These operations of step 551 and step 554 do not 

necessarily need to be performed concurrently, but doing so 
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is preferable for further reduction in the mounting time. 

Subsequently, while the mounting of the circuit board 224 

onto the bonding stage 232 by the conveyor arm 234 is 

performed at step S52, at the same time, the image 

5 recognition of the marking 242 of the jig 241 with the 

upper field of view is performed at step 555. In addition, 

a lateral arrow from right to left under the steps 553 and 

SSO in Fiq. 12 imply that the operation of step 551 is 

performed after the completion of both the operation of 

10 step SSO and the operation of step 553. Also, a lateral 

arrow from left to riqht under the steps 551 and 554 in Fig. 

12 imply that the operation of step 555 is performed after 

the· completion of both the operation of step SSl and the 

operation of step S54. 

15 Furthermore, the operation may be either (]) or CZ> 

as follows. m After the completion of the image 

recognition of the marking 242 of the jig 241 with both 

lower and upper fields of view for the calibration 

operation, the conveyor arm 234 starts to move in the X 

20 di:rection. ~ After the completion of the X direction 

movement of the conveyor arm 234, the image recognition of 

the marking 242 of the jig 241 with.the lower field of view 

is started. In addition, the completion of each operation 

can be confirmed by, as an example, outputting a completion 

25 signal from the operation-completed device to the main 

controller 301 at the time of the completion of the 

operation, and then by the main controller 301 receiving 

the completion signal. After the completion confirmation, 
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a signal for driving the next driving unit may be outputted 

from the main controller 301 to the driving unit. 

Next, (14) the position recognition operation of 

the circuit board 224 (step S24 in Fig. 11) is explained. 

5 First, in order that the image recognition optical system 

239 is enabled to check the position of the circuit board 

224 on the bonding stage 232 mounted on the slide ~ase. ~,33, 

the slide base 233 and the image recognition optical system 

239 are moved. For this process, a feature point (e.g., a 

10 recognition mark such as x mark) for position-checking is 

previously marked in the circuit board 224. Subsequently, 

the field of view of the image recognition optical system 

239 is switched to the lower side, where the position 

recognition of the circuit board 224 mounted on the bonding 

15 stage 232 is performed. 

After the completion of the (11) to (14) 

operations, i.e., operations of steps 521 to S24, (15) a 

bonding operation (step S25 in Fig. 11) is performed. This 

operation is explained below. First, the bonding head 231 

20 moves in the X direction, and performs the pickup of the 

electronic component 223 sucked up to the reversal head 229. 

Next, the bonding head 231 is moved to a position where 

the position of the sucked electronic component 223 can be 

checked by the image · recognition optical system 239. 

25 Concurrently, the image recognition optical system 239 also 

moves for the position checking of the electronic component 

223. Subsequently, the field of view of the image 

recognition optical system 239 is switched to the upper 
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side, and the position recognition of the electronic 

component 223 is performed by the image recognition optical 

system 239. Then, based on the position recognition result 

of the electronic component 223 as well as the position 

5 recognition result of the circuit board 224 in (14) the 

position recognition operation of the circuit board 224 

(step S24), position correction of the bonding head 231 and 

the slide base 233 is performed, and the bonding head 231 

moves down to mount the electronic component 223 onto the 

10 circuit board 224. 

As described above, according to this second 

embodiment, the slide base 233 is located at the position 

of the origin so that the calibration stage 240 is located 

at a deep-side end edge of the slide base 233 in the 

15 electronic component mounting apparatus, which is a region 

that will not obstruct the conveying-in and -out operations 

of the circuit board 224, during the feeding of the circuit 

board. Therefore, it becomes possible to perform the 

calibration operation of the image r~cognition optical 

20 system 239 during the process of replace.."tlent cf circuit 

boards, so that any extension of the mounting time due to 

the calibration operation of the optical system can be 

eliminated or that such extension of the mounting time can 

be suppressed. 

25 As shown above, according to the present 

invention,· when the circuit board is held by the circuit­

board holdinq device, the calibration stage on which the 

jig for use of calibration of the image recognition optical 
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system is to be mounted is placed at a position which is a 

region outside the conveying-in and -out req.:.on for the 

circuit board and which allows an image of the jig to be 

recognized by the irnaqe recognition optical system. With 
5 this and othe.r arranqements, the position recognition for 

calibration by the image recognition optical system is 

performed. Thus, it becomes possible to perform the 
calibration ope:ation of the image recognition optical 

system during the process of replacement of circuit boards, 
10 so that any extension of the mounting time due to the 

calibration operation of the image recognition optical 

system can be reduced. 

Although the present invention has been fully 
described in connection with the preferred embodiments 

15 thereof with reference to the accompanying drawings, it is 

to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 

modifications are to be understood as included within the 

scope of the present invention as defined by the appended 
20 clailr~ unless they depart therefrom. 
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WHAT IS CLAIMED !S: 

1. A component mounting apparatus comprising: 

a component holding and conveying device (15) for 

holding and conveying a component (13) and mounting the 

5 compcnent onto a circuit boa~d (16); 

a circuit board holding device (17) for holding 

the circuit board; 

an image recognition optical system (19} for 

perforr.iing position reco9nition of the component a!'lc the 

10 circuit boaz:d with different fields of view, respect!vely; 

and 

a cont~ol section (200) for de:ermining to a 

plurality of times an optical-axis shift amount with the two 

fields of view between a position of the component and a 

15 position of the circuit board recognized oy the image 

recognition optical system, and based on de~ermination 

results, detei:mining an optical-axis shif~ amount for 

calibration, 

wherein calibration of the image recognition 

20 optical system is performed based on the optical-axis shift 

amount for calibration determined by the control section and 

theri the component is mounted onto the circ~it board. 

2. A component mounting apparatus according to Claim 

l, ~herein tne control section dete::cmines the optical-axis 

25 shift amount between the two fields of view of the image 

recognition optical system to three or more times, where if 

a plu.rality of shift amour.ts are left after excluding an 

uppe~-limit shift amount and a lo~er-limit shift amount from 
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the determined shift amounts, a mean value of 'the left shift 

amounts is determined and taken as the optical-axis shift 

amount for calibration, while if only one shift amount is 

left after excluding the upper-limit shift amount and the 

5 lower-limit shift amount, the left shift amount is taken as 

10 

the optical-axis shift amount for calibration, and based on 

the determined optical-axis shift amount for calibration, 

the control section performs the calibration of the image 

recognition optical system. 

3. A component mounting apparatus according to Claim 

1, wherein the control section determines the optical-axis 

shift amount between the two fields of view of the image 

recognition optical system to three or more times, where if 

a difference of one shift amount from any other shift amount 

15 exceeds a threshold value, a mean value of shift amounts 

except the one shift amount is deternlined and taken as the 

optJcal-axis shift amount for calibration, and based on the 

determined optical-axis shift amount for calibration, the 

control section performs the calibration of the image 

20 recognition optical system. 

4. A component mounting apparatus according to Claim 

1, wherein when the control section determines the optical­

axis shift amount, images are recognized with individual 

fields of view to a plurality of times during aq. imaqe 

25 capture process by the image recognition optical system, 

and the control section determines the optical-axis shift 

amount between the position of the component and the 

posi~ion of the circuit board recognized by the imaqe 

111111111111111111111111111111 
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recognition optical system with the individual fields of 

view from among results of the plurality of times of 

recognition, and based on results of iterating this 

determination process to a plurality of times, determines 

5 an optical-axis shift amount for calibration, and based on 

the determined optical-axis shift amount for calibration, 

performs the calibration of the image recognition optical 

10 

15 

sysi::em. 

A component mounting apparatus cornprisin9: 

a component holding and conveying device (15} for 

holding and conveying a component (13) and mounting the 

component onto a circuit board (16); 

a circuit board holding device ( 17) for holding 

the circuit board; 

an image recognition optical system (19) for 

recognizing a position of a marking (22) of a jig (21) with 

one field of view to a plurality of times while holding the 

jig to the component holding and conveying device, and 

recognizes a position of the marking (22) of the jiq with 

20 another field of view to a plurality of times while holding 

the jig on a calibration stage (20) of the circuit board 

holding device (17); and 

a control section (200} for determining optical­

axis shift amounts between the positions of the marking of 

2 5 the jig based on results of the plurality. of times of 

recognition with the two fields of view of. the imaqe 

recognition optical system, xespectively, calculating a mean 

value of the determined optical-axis shift amounts, and 

I 1111111 llllll 11111 11111 II 1111 
* C L M S * 



59 

taking the calculated mean value as an optical-axis shift 

amount for calibration between the two fields of view of the 

image recognition optical system, 

wherein after calibration of the image recognition 

5 optical system is performed based on the optical-axis shift 

amount fer calibration . determined by the control section, 

the component is mounted onto the circuit boaid. 

6. A component mounting apparatus according to Claim 

5, wherein when recognizing positions of the marking of the 

10 jig in the two states each to a plurality of times, l:he 

image recognition optical system reco9nizes a position of 

the marking of the jiq that is held by the component holding 

and conveying device and a position of the marking of the 

jig that is held by the calibration stage each one ti~e, .and 

15 then the image recognition optical system iteratively 

recognizes the posit ion of the marking of the jig in the 

respective states similarly. 

7. A component mounting apparatus according to Claim 

5, wherein when recognizing positions of the marking of the 

20 jig in the two states each to a plurality of times, the 

image .r;ecoqnition optical system recognizes a position of 

the marking of the jig that is held by the component holding 

and conveying device to a plurality of tim~s, and further 

recognizes a position of the marking of the jig that is held 

25 by the calibration stage to a plurality of times. 

8. A component mounting apparatus according to Claim 

S, ~herein the imaqe recognition optical system recognizes 

posi~ions of the marlcinq of the j iq that is held by the 
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component holding and conveying device and of the jig that 

is held by the calibration staqe to three or more times, 

=espectively, the control sec~ion determines ~hat if a 

plurality of shift amounts are left after excludin9 an 

5 upper-limit shift amount and a lower-limit shift amount from 

the three or more shift amounts between the two fields of 

view determined based on results of the recognition, a mean 

value of the left shift amounts is dete!:mined and taken as 

the optical-axis shift amount for calibration, while if only 

10 one shift amount is left after excluding the upper-limit 

shift amount and the lower-limit shift amount, the left 

shift amount is taken as the optical-axis shift amount for 

calibration instead of determining the mean value. 

9. A component mounting apparatus according to Claim 

15 5, wherein the imaqe recognition optical system recoqnizes 

positions of the marking of the jig that is held by the 

component holding and conveying device and of ~he jig that 

is held by the calibration stage to three or more t.imes, 

respectively, the control section detez:m!~es that if a 

20 difference of one shift amount from any other shift amount 

exceeds a threshold value, a mean value of shift amounts 

25 

except the one shift airount is determined and taken as the 

optical-axis shift amount for calibration. 

10. A component mounting method comprising: 

recoqnizing to a plurality cf times a position of 

a marking (22) of a jig (21) by an image recognition optical 

system (19) while the jig ls held by a component holding and 

conv~ying device ( 15) which holds and conveys a component 
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(13) and then mount the component onto a circu'it board (16}; 

recognizing to a plurality of times a position cf 

the marking (22i of the jig by the image recognition 

optical system (19) while the jig is held by a calibration 

5 stage (20) of a circuit-board holdinq device (17) which 

holds the circuit board; 

10 

determining an optical-axis shift amount between 

the positions of the marking of the jiq between the two 

fields of view of the image recognition optical system; and 

calculating a mean value of the determined 

optical-axis shift amounts and taking the mean value as an 

optical-axis shift amount between the two fields of view of 

the image recognition optical system, and after performing 

calibration based on this optical-axis shift -amount, 

15 mounting the component onto the circuit board. 

11. A component mounting method according to Claim 10, 

wherein when the positions of the marking of the jig in the 

two states are reco9nized by the image recognition optical 
. 

system to a plurality of times, the position of the marking 

20 of the j iq that is held by the component holding and 

conveying device and the position of the marking of the jig 

that is held ty the calibration stage are recognized by the 

image recogni~ion optical system each one timer and then 

the positions of the marking of 't:he jiq in the respective 

25 states are recognized similarly. 

12. A component mounting met~od according .to Claim 10, 

wherein when the positions of the marking of the jig in the 

two states are .reccgnized by the image rei:::oqni tion optical 
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system to a plurality of times, the position of the marking 

of the jig that is held by the component holding and 

conveying device is recognized by the ima.ge recog!lition 

optical system to a plurality of times, and the position of 

5 the jig that is held by the calibration stage is recognized 

by the imaqe recoqnition optical system to a plurality of 

times. 

13. A component mounting method according to Claim 10, 

wherein positions of.the marking of the jig that is held by 

10 the component holding and conveying device and of the jig 

that is held by the calibration stage are recognized to 

three or more times, respectively, where if a plurality of 

shift amounts are left after excluding an upper-limit shift 

·amount and a lower-limit shift amount from the three or more 

15 shift amounts between the two fields of view determined 

based on recognition results, a mean value of the left shift 

amounts is determined ·and taken as the optical-axis shift 

amount for calibration, while if only one shift amount is 

left after excludin9 the upper-limit shift amount and the 

20 lower-limit shift amount, the left shift amount is taken as 

25 

the optital-axis shift amount fer calibration instead of 

determininq the mean value, and then the calibration is 

performed based on the determined optical-axis shift amount 

for calibration. 

14. A component mounting method according to Claim 10, 

wherein positions of the marking of the jig that is held by 

the ·component holdinq and conveying device and of che jig 

that is held by the calibration staqe to three or more times, 
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respectively, where if a difference of one shift amount from 

any othe.r shift amount exceeds a threshold value, a mean 

value of shift amounts except the one shift amount is 

determined and taken as the optical-axis shift ar:iount for 

5 calibration, and then calibration is performed based on the 

determined optical-axis shift amount for calibration. 

15. A component mounting apparatus according to Claim 

1, wherein the control section (200) determines an optical­

axis shift amount with the two fields of view between the 

10 position of the component and the position of the circuit 

board recognized by the image recognition optical system to 

a plurality of times with specified time intervals, and 

based on results of the detei:mination, the optical-axis 

shift amount for calibration is determined. 

15 

20 

16. A component mounting method according to Claim 10, 

wherein when the recognition is performed by the image 

recognition opt1cal system {19) to a plurality of times, the 

recognition is performed to a plurality of times with 

specified time intervals. 

17. A component mounting apparatus comprising: 

a component holding and conveying device (231) for 

holding and conveyinq a coitt.ponent (223) and mounting the 

component onto a circuit board (224); 

a circuit board holdinq device (232) fer holding 

25 the circuit board; 

an image recognition optical system (239) for 

performing position recoqnition of the component and the 

circuit board with different fields of view, .respectively; 
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and 

a control section ( 400) for determining an 

optical-axis shift amount with the two fields of view 

between a position of the component and a position of the 

5 circuit board recognized by the image recognition optical 

system, a.nd based on determination results, determining an 

optical-axis shift amount for calibration, and after 

correctinq a mounting position of the component relative to 

the circuit board based on the determined optical-axis shift 

10 amount, mounting the component, 

15 

wherein the control section exerts control so that 

the calibration operation of the image recognition optical 

system is performed during the operation of holding the 

circuit board to the cixcuit board holdinq device. 

18. A component mounting apparatus according to Claim 

17, further comprising a calibration stage (240) on which a 

jig (241) for calibration of the i.maqe recognition optical 

system is to be placed and which, for feeding the circuit 

board, moves so that the jig (241) for calibration of the 

20 imaqe recognition optical system is located at such a 

position as to be recognizable for the image recognition 

optical system, 

wherein the position of the jig placed on the 

calibration stage is recogni·zed by the image recognition 

25 optical system, whereby the position recognition of the 

circuit board is achieved, and the position .of the jiq 

resulting when the jiq "on the calibration stage is held.by 

the component holding and conveying device is recognized by 
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the image recognition optical system, whereby the position 
\ 

recognition of the component is achieved. 

13. A component mounting apparatus according to Claim 

17, further comprising a calibration stage {240J on which a 

5 jig (241) for calibration of the image recognition optical 

system is to be placed and which, for feeding the circuit 

board, moves so that the jiq (241) for calibration of the 

image recognition optical system is located at such a 

position as to be holdable for the component holding and 

10 conveying device, 

wherein the position of the ji9 placed on the 

calibration stage is recognized by the image recognition 

optical system, whereby the position recognition of the 

circuit board is achieved, and the position of the jig 

15 resulting when the jig on the calibration stage is held by 

the component holding and conveying device is recognized by 

the image recognition optical system, whereby the position 

recognition of the component is achieved. 

20. A component mounting apparatus according to Claim 

20 17, wherein the control section exerts control so that the 

image recognition for calibration of the image recognition 

optical system is not performed while a circuit board 

conveying device (234, 235) is moving. 

21. A component mounting apparatus according to Claim 

25 17, wherein the control section exerts control for: 

pickinq up the circuit board by the circuit board 

conveying device (S50), and concurrently performing image 

recognition of the jig on the calibration stage for 
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calibration by the image recognition optical system (553); 

after completion of the foregoing two operations, 

moving the circuit board ccnveying device toward che 

circuit board holding device (SSl), and making the jig 

5 picked up by the component holding and conveying device 

{S54); and 

thereafter, mour~tinq the circuit beard held by 

the circuit board conveying device onto the circuit board 

holding device (552), and concurrently performing image 

10 recognition of the jiq ·held by the component holding device 

for calibration by the image recoqnition optical system 

{S55). 

22. A coreponent mounting method comprising: 

making a circuit board held by a circuit board 

15 holding device (232)F and concu~rently performing position 

recognition of a component held by a component holding and 

conveying device for calibration with one field of view by 

an image recognition optical system (239); 

performing position recognition of T.he circuit 

20 board held by the circuit board holding device for 

calibration with a field of view different from the 

foregoing field of ·view by the imaqe recognition optical 

system (239}; and 

determining an optical-axis shift amount with the 

25 two fields of view between the posit:ion of the component 

and the position of the circuit board .recognized by the 

image recognition optical system, determining an optical-

axis shift amount for calibration based on the 

I 1111111111111 11111 11111111111 
* C L M S * 



5 

67 

determinacion results, and after correcting a mounting 

position of the component relative to the circuit board 

based on the determined optical-axis shift amount, mounting 

the component. 

23. A component mounting method according to Claim 22, 

further moving, when the circuit board is held by the 

circuit board holding device, a jig (241) for calibration 

of the image recognition optical system which is placed on 

a calibration staqe (240), so that the jig (241) for 

10 calibration of the image recoqnition optical system is 

located at such a position as to be recognizable for the 

image recognition optical system. 

24. A component mount.inq method accordinq to Claim 22, 

further moving a jig (241) for calibration of the image 

15 recognition optical system which is placed on a calibration 

stage (240), when the circuit board is held by the circuit 

board holding device, so that the jig (241) for calibration 

of the image recognition optical system is located at such 

a position as to be holdable for the component holding and 

20 conveying device. 

25 

25. A component mounting method according to Claim 22, 

wherein the image recognition for calibration of the ima9e 

recognition optical system is not performed while the 

circuit board conveying device (234, 235) is moving. 

26. A component mounting method according to Claim 25, 

further comprising: 

making the circuit board picked up by the circuit 

board conveying device (SSC), and concurrently performing 
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image recognition of a jiq (241) for calibration of the 

image recognition optical system (553); 

after completion of the foregoing two operations, 

moving the circuit board conveying device toward the 

5 circuit board holding device (551), and making the jig 

picked up by the component holding and conveying device 

(S54); and 

thereafter, mounting the circ~it b-=iard held by 

the circuit board conveying device onto the circuit: board 

10 holding device (S52), and concurrently performing image 

recognition of the jig held by the component holding device 

(555) • 

27. A component mounting apparatus according to Claim 

18, wherein the· calibration stage (240) is located at a 

15 deep-side end edge of a slide base (233) in a circuit board 

holding device (232) which holds the circuit bo~rd, which 

is a region that will not obstruct conveying-in and -out 

operations of the circuit board (224). 

20 

25 

28. A component mounting apparatus comprising: 

a component holding and conveying device (15) for 

holding and conveying a component (13) and mounting the 

component onto a circuit board (16); 

a circuit board holding device (17) for holding 

the circuit board; 

an image recognition optical system (19) for 

recognizing a position of a marking (22) of a jiq (21) with 

one· field of view while holding the jig to the component 

holding and conveying device, and recognizes a position of 
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the marking (22) of the jig with another field of view while 

holding the jig on a calibration stage (20) of the circuit 

board holding device (17); and 

a control section {200) for determining an 

5 optical-axis shift amount between the positions of the 

marking of the jig based on recognition resulc with the two 

fields of view of the image recognition optical system, 

which is taken as an optical-axis shift amount for 

calibration between the two fields of view of the image 

10 recognition optical system, 

wherein after calibration of the imaqe recognition 

optical system is performed based on the optical-axis shift 

amount for calibration determined by the control section, 

the component is mounted onto the circuit board. 
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