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(57) Absiract

The electronic  component
mounting apparatus  includes: a
tray feed section (4) for feeding an
electronic component (2) to be placed;
an x-axis robot (5) and a y-axis
robot (6) for moving the electronic
component (2) to be placed; a head
section (7) for holding and moving
the electronic component; a 3D sensor
{B); and an image memory for storing
height data as three-dimensional image
data, thus enabling the positioning
and the three-dimensional component
configuration check of the electronic
component (2) to be accomplished
simultaneously in one process.

(54) Titte: ELECTRONIC COMPONENT MOUNTING APPARATUS

DIRECTION OF
Y-AXIS




automatic inspections for |lead floats of conponents 15 bef ore pl aci ng
the conponents onto the printed circuit boar d.

- la- US-A5 200 799 representing the closest prior art fromwhich the

i nvention proceeds discloses a systemfor inspecting a condition of parts
packaged on a printed-circuit bo j system includes.a pQsij.l
detecting devi 9%78%Lcei ve scat {leTia dHeghl i QugEQ 111 um nati 8%]!%*'%%85
printed-circuit board with a | asfr beaagﬁgggggnvert t he received scattered
light into a position signal. Th = s used for obtaining

| um nance data and at | east two height data of the parts on-the
printed-circuit board. Proper height data of the parts are determ ned on

the basis of the difference between the two hei ght data. TheThisiShqeedsBeda Replaced

system det erm nes t he package condition by conparing the fina ;
with predeterm ned reference data. Accordingly, such optical H ,ﬂ”",
system checks the presence of poor condEsSoRIPTIONNOUNt ed par

substrTate such as position inaccuracy, |acks, rising and soldering fault of
parts packaged or installed on the printed-circuit board. Figs. 9A-9D are
nmounting process diagrans of _an el ectronic_conponent nounting apparatus
according to a further prigPEgFFQNFﬂ ﬂ%@?OQ#hiWMQqﬂqup QPPAngg ronic
conponent nounting apparatus, electronic conponents with narrow | ead

pitches are nmounted t hrough a sequence of processes as shown in Figs.

9A-9D. More speci freeaiNtrALl RTBLSt €p

The present invention relates to an electronic

oy
8 i |
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5 component mounting apparatus for automatically mounting
electronic components onto a board such as a printed
circuit board or a ligquid crystal display or plasma

display panel board.

BACKGROUND ART

10 In electronic component mounting apparatuses,
for mounting such electronic components as QFPs or
connectors with narrow lead pitches and narrow lead
widthe, it has been conventional practice to execute
automatic inspections for 1lead floats of components

15 before placing the components onto the printed circuit
board.

Figs. 9A-9D are mounting process diagrams of an
electronic component mounting apparatus according to the
prior art. In most of the prior art electronic component

20 mounting apparatus, electronic components with narrow
lead pitches are mounted through a sequence of processes

as shown in Figs. 9A-3D. More. specifically, in a step
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2 shown in Fig. 9A an electronic conponent 2 accompdat ed

on atray 3 is auction-picked up by a head section 7 of t he
nounting apparatus. Then, in a step shown in Fig. 9B } e of
t he sucked- upvebu#68ni c conponent 2 is 5 pi cked up by gcﬂﬁgVP I ng
canera 47, and the electronic conponent 2 is positioned by using an
| mage processing apparatus, by which positioning informtion

t her eabout is obt ai ned. In a step shown in Fig.

9C, with the use of the 10 positioning information acquired in the
step of Fig. 9B, the el ectronic conponent 2 is subjected to a
coplanarity check by a lead float gensor 48 of transm ssion type or

ot herwi se has an inmage picked up at an end portion or end

shown in Fig. 9A, an electronic component 2 accommodated
on a tray 3 is suction-picked up by a head section 7 of
the mounting apparatus. Then, in a step shown in Fig.
9B, an image of the sucked-up electronic component 2 is

5 picked up by a positioning camera 47, and the electronic
component 2 is positioned by using an image processing
.apparatus, by which positioning information thereabout is
obtained.

In a step shown in Fig. 9C, with the use of the

10 positioning information acquired in the step of Fig. 9B,
the electronic component 2 is subjected to a coplanérity
check by a lead float sensor 48 of tramsmission type or
otherwise has an image picked up at an end portion or end
portion shadow of a lead by a coplanarity checking camera

15 ‘49 go that the image is subjected to a coplanarity check
by the image processing apparatus.

With no abnormality found as a result of this
check, in a step shown in Fig. 9D, a corrective
calculation for a printed circuit board 9 as well as the

20 electronic component 2 to be mounted thereon is executed
- based on the positioning information acquired in the step
of Fig. 9B. Then, the electronic component 2 is placed

to a specified position on the printed circuit board 9.
However, with the electronic component mounting

25 apparatus of the prior art as described above, in the



portion shadow of a | ead by a coplanarity checking canera 15 49 so

that the image is subjected to a coplanarity check by the i mge
processi ng appar at us. Wth no abnormality found as a
result of this check, in a step showmn in Fig. 9D, a '

cal cul ation fYO¥¥¥nted circuit board 9 as well as the- 20 f@ﬁﬁgf’&eig%’foni c
conponent 2 to be nounted thereon is executed . based on the
positioning information acquired in the step of Fig. 9B. Then

the el ectronic conponent 2 is placed to a specified position on
the printed circuit board 9. However, with the electronic
conponent nounting 25 apparatus of the prior art as described above,
in the WO 97/ 40657 3 .

PCT/ JP97/ 01385 3

case where components are mounted through a sequence of
processes to be performed in the-stepé as shown in Figs.
9A-9D, because the positioning camera 47 in the step of
Fig. 9B and the lead float sensor 48 or the coplanarity
5 checking camera 49 in the step of Fig. 8C are installed
physically separate away from each other, there is a need
of mechanically positioning the components in the step of
Fig. 9C by using positioning information acquired in the
step of Fig. 9B, so that the processes in the individual
10 steps could not be simultaneocusly carried out, inevitably
resulting in.serial processing, while the components to
be mounted need to be treated for move, stop,
ascent/descent or other movements for the individual
steps. As a result, including the operating time for the
15 move, stop, ascent/ descent or other movements of the
mounting components, the processing time in the steps of
Fig. 9B and Fig. 9C would have a direct effect on the
whole mounting time, such that the whole mounting time
would be increased by the operating time for those

20 movements, as a disadvantage.
Besides, when a coplanarity check is performed
. by the transmission-type lead float sensor 48 as in the
step of Fig. 9C, it would be necessary to scan
individually physical four edges of a component to be

25 mounted, where the processing time therefor 'is usually 1



case where conponents are nounted through a sequence of processes

to be perfornmed in the steps as shown in Figs. 9A- 9D, because the
positioning canera 47 in the step of Fig. 9B and the Iead fl oat
sensor 48 or the coplanarity 5 checking canmera 49 in t Fi g.
9C ar e i nst alW@B8/40657 physically separate away from each o '?ﬁere S
a need of mechanically positioning the conponents in the step of
Fig. 9C by using positioning information acquired in the step of
Fig. 9B, so that the processes in the individual 10 steps could not be
simul taneously carried out, inevitably resulting in serial
processing, while the conponents to be nounted need to be
treated for nove, st op, ascent gdescent or other novenents for

t he indivi dual steps. As a result, including the operating tinme for
the 15 nove, stop, ascent/ descent or other novenents of the

nmount i ng conponeat 3, setendgsocussHag t This| nrpnesg;wstbme would makg 20B
and Fig. 9C would have a direct effect ,on whol e nountin tlne

such that the mﬁavéemﬁrﬁm’gmmf’e mounting \R/&B‘Fdfﬁ‘e’ SPOPRPRERLRY AThy*Y
PR A A e
transm ssion- tYQQrQSadnﬁlhBé‘f S@ETSQIFP‘B &% | kohflectors, in particular.
s Meanwhile, also when a coplanarity check is carried out
by using the coplanarity checking camexa 49, long time
would be required for the coplanarity check, like the
foregoing case, on account of the focusing of the camera
or the capture of divisional images due to lack of

10 resolution or the like. This also would cause an issue

in the mounting cycle time.

DISCLOSURE OF INVENTION
Accordingly, an object of the present invention
is to provide an electromic component mounting apparatus
15 which can reduce the mounting processing time in mounting
components that require a three-dimensional configuration
check, such as coplanarity check, and which can ensure
both lateral and vertical pixel sizes (resolution) for
picked-up images in the mounting of components, and
26" further which can be flexibly adapted to higher speed and
higher resolution (higher accuracy) of the mounting
process in the case of the mounting of narrow-pitch

components such as QFPs or connectors.



step of Fig. 9C, it would be necessary to scan I ndi vidual |y

physi cal four edges of a conponent to be 25 nount ed, where the
processing time therefor is usually 1 WO 97/ 40657

PCT/ JP97/ 01385 4 PCT/IPoY/01385
seconds or so.WO$H85yr ocessi ngeti=re—wentd np . cause of

pr ol onged nDuntlng time for co

l@HéhSBlﬂnHﬁg@ﬁEﬁL. - case. -This would
result in a great demerit in 4un |ngrag&uha | arge nunber of QFPs or

connectors, in particular. 5 s2'when a commamﬁaugyB&Qﬁ

I's carried out by using the coplanarlty checki ng canqumw E
time woul d be required for the coplanarity check, i ""Jﬂﬂmm
foregoi ng case, on account of the focusing ef the canera

capture of divisional inages due to | ack of

In accomplishing these and other aspects,
according to a first aspect of the present invention,
there is provided an electronic component mounting
apparatus comprising:

5 a component feeding Bection for feeding an
electronic component to be mounted onto a board;

a. head section for holding the electronic
component ;

a head section-moving device for mowving the

10 head section;

a three-dimensional image-acquiring device,
provided at a position below a moving range of the head
section, for performing line scanning the component with
a laser beam to obtain height data of the component from

15 each line;

an image memory for storing the height data
obtained from the three-dimensional image-acquiring
device as three-dimensional image data; and

a control section for performing image

20 processing for the three-dimensional image data of the
o electronic component.

With this arranéement, the three-dimensional
image of the mounting component can be acquired by the
three-dimensional image-acquiring device, and image

25 processing for this three-dimensional image can be



10 resolution or the like. This also would cause an issue in
the nmounting cycle tine. DI SCLOSURE OF | NVENTI ON

Accordi ngly, an object of the present invention is to provide an
el ectroni ¢ conponent nounting apparatus 15 whi ch can reduce the
mounti ng pr oc¥I748657i ne i n nounting conmponent s t hat HEGEPTUIE

t hr ee-di nensi onal configuration check, such as coplanarity check
and which can ensure both | ateral and vertical pixel sizes
(resolution) for pi cked-up inmages in the nmounting of conponents,
and 20 further which can be flexibly adapted to hi gher speed and

hi gher resol ution (higher accuracy) of the nounting process in the
case of the nounting of narrow pitch g conponents such as QFPs or
connect ors.

carried out, by which the positioning of the electronic
component and the three-dimensicnal component
configuration checking can be accomplished at the same
time.

5 As a result of this, whereas the positioning by
a camera and the three-dimensional configuration
characteristi¢ such as coplanarity check would be done
serially (in separate 'processes) in the prior art as
shown in Fig. 9, eimultaneous processing of the

10 positioning and the three-dimensional check is enabled as
shown in Fig. 10, so that the component mounting time can
be reduced to a large extent, eventually. Here is an .
explanation of the difference between the aspect of the
present invention and the prior art shown in Figs. QA-QD, :
15 with reference to Figs. 10A-10C.

Figs. 10A-10C are mounting process diagrams in
the‘ electronic component mounting apparatus corresponding
to a more specified example of the first aspect of the
present invention. Referring to Figs. 10A-10C, reference

20 numeral 2 denotes an electronic component; 3 denotes a
tray on which the electronic component 2 is placed; 7
denotes a head section for moving the electronic
cbmponent 2; B denotes a 3D sensor as a three-dimensional

image pickup means for picking up a three-dimensional



- 5- In acconplishing these and ot her aspects, according to a first aspect
of the present invention, there is provided an el ectronic conponent
nount i ng apparatus conprising: a conponent feeding section for feeding an
el ectric conmponent to be nounted onto a board; a head sectio i Ng

t he el ectroni W@8H#6¥ent; a head section-noving device for A&ﬁ#ﬁ?ﬁ%&?ﬁead
section; a three-dinensional inmge-acquiring device, provided at a position
bel ow a novi ng range of the head section, for performng, with a | aser
beam 1ine scanning of the conponent held by the head section to obtain,
from each scanning line, positional data of a position where the conponent
I s present and hei ght data of the conponent corresponding to the positional
data; an inmage nmenory for storing the hei ghtz data obtained fromthe

t hr ee- di nensi onal i nage-acquiring device as three-di nensional inage data;
and a control section for perform ng inmage processing for the .

t hr ee- di mensi onalimagegeaddt 8 dentheseheprinttd corpurerhoardywhiqlhjis an

arrangenent, the three-di mensjonal .inmage of the nnuntingtcgnggnqulggf be
acqui red by the CHIEEEIPRERSBRER Vit SHdTIAENgCIBYRTRE AntP (TR o

processing for this threeq ngngipal sidifeifaFiRE 108, the eldLAFAAVE57
PCT/ JP97/ 01385 6
component 2 is picked (sucked) up from the tray 3 by the
5 head section 7. As the electronic component 2 moves on
the 3D sensor 8 along with the movement of the head
section 7 in a step shown in Fig. 2120B, a three-
dimensional image of a bottom portion 2a of the
electronic component 2 that is sucked up and moved is
10 . captured into an image memory M1 within an image
processing apparatus Gl by the movement and the scanning
with a laser beam Ba emitted from the 3D sensor 8. Then,
image processing on this three-dimensional image is
performed, by which both the positioning and the three-
15 dimensional configuration check of the electronic
component 2 are accomplished. In a step shown in Fig.
10C, the electronic component 2 is mounted onto the
printed circuit board 9 based on positioning information
determined by the image processing of the image
20 processing apparatus Gl.

According to a second aspect of the present
invention, there is provided an electronic component
mounting apparatus according to the first aspect, wherein
the control section is &0 arranged that the three-

25 dimensional image data of the electronic component



carried out, by which the positioning of the electronic conponent

and t he t hr ee- di nensi onal conponent configuration checking
can be acconplished at the sane tinme. 5 As a result
of this, whereas the_ positioning by a canera and

t hr ee- di mensi WiGHT0652 ont i gur at i on characteristic. sucﬁcggmmms
coplanarity check woul d be done serially (|n_separate_processes)
in the prior art as shown in Fig. 9, sinultaneous processing
of the 10 posi tioning and the three-di nensional check is enabled as
shown in Fig. 10, so that the conponent nmounting time can be
reduced to a |large extent, eventually. Here is an expl anati on of
the difference between the aspect of the present invention and the
prior art shown in Figs. 9A-9D, 15 mnt% reference to Figs. 10A-10C

Fi gs. 10A-10C are nmounting process diagranms in the electronic
conponent nount igkadmed diyiSl sy - dsgEondscenning in Aodare&ottospeertiedl
exanpl e of the first aspect of the present invention. Referring to

Fi gs. 10A-10C, rtf ar digectign in whiehathe m@% @n@@mm eswmae ent;
3 denotes a ich,the el ectronic co oneni 2 Iaced 7
denotes a head @ﬂ"i%n#‘& ﬁ%h?ﬁgd’twse‘l%?ﬁr onfage-a abquiTing device
acquired into the image memory, while an operating speed
5 ' of the moving device for moving the electronic component
is wade constant.

Wwith this arrangement, in the electronic
component mounting apparatus as described in the first
aspect, the operating speed of the moving axis is made

10 constant, and unnecessary stops of the component moving
axis are eliminated out of the mountinhg operations before
and after the process. Thus, the processing time in the
mounting process can be reduced.

According to a third aspect of the present

15 invention, there 1is provided an electronic component -
mounting apparatus comprising:

a moving device for moving an electronic
component to be mounted onto a board;

a polygon mirror disposed at a position below

20 the moving device;

a semiconductor laser which emits a laser Dbeam
for the polygon mixror;

a position sensing device disposed at a

position around the polygon mirror; and



conponent 2; 8 denotes a 3D sensor as a three-dinensional I mage

pi ckup neans for picking up a three-di nensional WO 97/ 40657
PCT/ JP97/ 01385 7 i mage;
and 9 denotes a printed circuit board which is an obj i ch
t he electronidwegﬂﬂﬁﬁ%nt 2 i's mounted. l.n aJ§§§€9?%§3ﬁhin
Fig. 10A, the electronic conponent 2 is picked (sucked)-up fromthe
tray 3 by the 5 head section 7. As the electronic conponent 2 noves
on the 3D sensor 8 along with the novenent of the head

section 7 in a step show in Fig. 10B, a three-

di nensi onal inmage of a bottom portion 2a of the el ectronic
conmponent 2 that is sucked up and noved is 910 captured into an

image nmenory ML within an inmge
an image-forming lens for forming as an image
on the position sensing device the laser beam that has
struck a bottom surface of the electronic component,
wherein the semiconductor laser is so placed
5 that its laser beam will strike the rotating polygon
mirror, being thereby reflected, and strike the bottom
surface of the electronic component that passes above the
polygon mirror, and. wherein a three-dimensional image of
the electronic component obtained by computing data
10 outputted by the position sensing device is acquired into
an image memory based on a passing operation of the
electronic component above the polygon mwir¥ror by the
moving device and laser scanning triggered by a rotating
operation of the polygon mirror, whereby a positioning of
15 the electronic component  and a configuration check
thereof are performed with the three-dimensional image.
With this arrangement, the three-dimensicnal
image of the electronic component can be acquired by a
three-dimensional image-acquiring device made up of the
20 polygon wirror, the semiconductor position sensing
devices, the semiconductor laser and the like, by which
the positioning and the three-dimensional configuration
check of the electronic component can be accomplished

simultaneously.



processi ng apparatus Gl by the novenent and the scanning
| aser beam 8a emtted fromthe 3D sensor 8. Then,

with a
| mage processing

on this three-dinensional inage is performed, by which both the

positioning and the three- 15 di rensi onal configuration §ﬁ§ﬁ%0f
t he el ect r orwo 97/40657 conponent 2 are acconplished. 1In a 324 in

Fig. 10C, the electronic conponent 2 is nounted onto the

printed circuit board 9 based on positioning informtion

det er m ned

by the imge processing of the inage 20 processi ng apparatus GL.
According to a second aspect of the present I nvention, there is
provi ded an el ectroni c conponent nmount i ng apparatus according to
the first aspect, wherein t he contigl section is so arranged that
the three- 25 di rensional inmage data of the electronic conponent
WO 97/ 40657 PCT/ JP97/ 01385

According to a fourth aspect of the present

10

15

20

invention, there is provided an electronic component
mounting apparatus according to the third aspect, further
comprising:

a moving-amount detecting circuit for
calculating a moving amount of the moving device from a
reference position of the moving device;

a rotation-amount detecting circuitc for
calculating a rotation amount of the polygon mirror £rom
a reference position of the polygon mirror upon reception
of a rotation-amount signal of the polygon mirror; and

a first comparing circuit for comparing the
moving amount of the moving device and the rotation
amount of the polygon mirror with each other,

wherein when a difference between the wmoving
amount of the moving device and the rotation amount of
the polygon mirror as a comparison result obtained from
the first comparing cirecuit £falls within an allowable
range, the data stored in the image memory is processed
as effective data, while when the difference does not
fall within the allowable range, the data stored in the
image memofy is processed as ineffective data.

According to a fifth aspect of the present

jnvention, there is provided an electronic component



8 obt ai ned by | aser-beam scanning in a direction verti cal

to a direction in which the el ectronic conponent is noved above the
t hr ee- di nensi onal i nage-acquiring device is acquired into the imge
menory, while an operating speed 5 of the noving device ' t he
el ectroni c corfpeR 7 i's made constant. . 1£éﬁ:v&?wﬂ?his
arrangenent, in the electronic conponent npunting apparatus as
described in the first aspect, the operating speed of the noving
axis is mde 10 constant, and unnecessary stops of the conponent

novi ng axis are elimnated out of the nounting operations before
and after the process. Thus, the processing tine in the nount i ng
process can be reduced. Aaaording to a third aspect of the
present 15 i nvention, there 1is provided an electronic conponent
nount i ng apparatus conpri si ng: a noving device for

noving an el echewmting apparatysporeserdinge teoukbhed ©mtxd a doafgurth
a pol-ygon mrror o SROSeH Anet RoRpkiding®! OW

a moving-speed detecting circuit for

calculating a moving speed of the moving device at each
5 time;

a rotation-speed detecting circuit for
calculating a zrotation speed of the polygen mirror at
each time upon reception of a rotation-amount signal of
the polygon mirror;

10 a second comparing circuit for comparing the
moving speed of the moving device and the rotation speed
of the polygon mirror with each other,

wherein when a difference between the moving
speed of the moving device and the rotation speed of the

15 polygon mirror as a comparison result obtained from the
second comparing circuit falls within an allowable range,
the data stored in the image memory is processed as
effective data, while when the difference does not fall
within the allowable range, the data stored in the image

20 memory is processed as ineffective data.

With this arrangement, in the electronic
component mounting apparatus as described in the third
and/or fourth aspects, either one or both of the moving
amount of the moving device that wmoves the electronic

25 component to be mounted as well as the rotation amount of



20 t he novi ng devi ce; a sem conductor |aser which

emts a | aser beam for the polygon mrror; : a
position sensing device disposed at a position around the

pol ygon mrror; and WO 97/ 40657

PCT/ JP97/ 0138WO 97/40657 9 PCT/IP97/01385

an image-formng lens for formng as an i mage on the position
sensing device the | aser beamthat has struck a bottom surface of
t he el ectroni c conponent, wherein the sem conductor | aser
Is so placed 5 that its |laser beamw || strike the rotating pol ygon
mrror, being thereby reflected, and strike the bottom surface of
the el ectroni c conponent that passes abovejhhe pol ygon mrror, and

wherein a three-dinensional imge of

10

15

20

25

the polygon mirror and the moving speed of the moving
device as well as the moving speed of the polygon mirror
are monitored by way of circuit, by which the normality
of a three-dimensional image (coincidence of lateral
ratio of image without any partial distortions) which is
acquired by scan motions of both the moving device and
the polygon mirror under independent motions is ensured.
Thus, the éccuracy and reliability of calculation results
obtained from the processing of the three-dimensional
image are ensured,

According to a sixth aspect of the present
invention, there 1is provided an électronic component
mounting apparatus according to any one of the third
through fifth aspects, further comprising:

a clock rate changing means for changing a
fundamental clock rate at which the three-dimensional
image is acquired,

wherein when a high resolution is needed for
the three-dimensional image, the fundamental clock rate
is made faster by the clock rate changing weans while the
moving speed of the moving device is made slower, and
wherein when a high-speed is needed for acquiring the
three-dimensional image, the fundamental clock is made
slower by the clock rate changing means while the moving

speed of the moving device is made faster.



the el ectronic conponent obtained by conputing data 10 out putted by

the position sensing device is acquired into an i mage nenory based
on a passing operation of the el ectroni c conmponent above the

pol ygon mrror by the novi ng devi ce and | aser scannin ' d by
a rotating  WO9MM0§%er ati on of the polygon mirror, whereby ag%gg???%%?ng
of 15 the electronic conponent and a configuration check

thereof are performed with the three-di nensional inage.

Wth this arrangenent, the three-dinensional i mge of the

el ectroni ¢ conponent can be acquired by a t hr ee- di nensi onal

| mge-acquiring device nmade up of the 20 polygon mrror, the

sem conductor position sensing deys ces, the sem conductor | aser
and the |ike, by which t he positioning and the three-di nensi onal
configuration check of the el ectronic conponent can be acconpljshed
si mul t aneousl y. With\p td/sjopayrangement, in the electronic

PCT/ JP97/ 01385 component mounting apparatus as described in any one of

the third through fifth aspects, the apparatus can be
operated by chanjing the fundamental <clock = rate
5 (frequency) for acquiring a . three-dimensional image and
by, in combination, accelerating or decelerating the

moving speed of the moving device at which the object is

moved. In this way, in the process of performing the
positioning and the three-dimensional component
10 configuration check of an electronic component in

correspondence to the components to be mounted and
without impairing the normality of the acquired image,
the switching between énhancing the resolution fox
preference for positioning or checking accuracy, and

15 enhancing the scanning speed for preference for speed can
be implemented with simplicity.

According to a seventh aspect of the present
invention, there is provided an electronic component
mounting apparatus according to any one of the third

20 through sixth aspects, further comprising:

a device for calculating a distance by which
the component is moved during a time after the component
is located at an image data-acguiring start position
until the component is located at a valid laser beam

25 start position of line scanning,



10
i nventi on,

According to a fourth aspect of the present

there is provided an el ectroni c conponent nount i ng

apparatus according to the third aspect, further conprising: 5

a novi ng- anount detecting circuit for cal cu ' Vi ng
amount of thewodIMee§7 device from a reference positiokéﬁhggﬁg”ggving

devi ce; a rotation-anmount detecting circuit for
calculating a rotation anmount of the polygon mrror from 10 a
reference position of the polygon mrror upon reception of a
rotation-anount signal of the polygon mrror; and a first
conparing circuit for conparing the nmovi ng anmount of the noving
device and the rotation amount of {fie polygon mrror with each

ot her, 15 wherein when a difference between the noving

anount of the noving device and the rotation anmount of

mrror as a conparison reberéinbtakimg inoceonsideratidme df rthe chighanag
circuit falls within an allowabl e

10

15

20

calculated by the calculating means, positioning of the
component is performed by using the three-dimensional
image.

According to the above construction, when
positioning of the component is performed based on the
calculating result carried out by the calculating means,
it can be prevented that -the positioning accuracy may be
detericrated due to variation in a shift of timing,
resulting in positioning with higher accuracy.

According to the above aspects of the present
invention, the electronic component mounting apparatus
can reduce the mounting processing time in ‘mounting
components that require a three-dimensional configuration
check such as coplanarity check, and which can ensure
both horizontal and vertical pixel sizes {(resolution) for
picked-up images in the mounting of components, and
further which can be flexibly adapted to higher speed and
higher resolution (higher accuracy) of the mounting for
the mounting of narrow-pitch components such as QFPs or

connectors.

BRIEF DESCRIPTION OF DRAWINGS
These and other aspects and features of the

present invention will become clear from the following

t he pol ygon



range, the data stored in the inage nenory is processed 20 as

effective data, while when the difference does not fall wthin the
al l owabl e range, the data stored in the i mage nmenory i s processed
as ineffective data. According to a fifth asg %’h’gjﬂ 3ts_@e

pr esent WO 9#6¥nt i on, there is provided an electronic c ﬁ‘% ent

WO 97/ 40657 PCT/ JP97/ 01385 _

11 nount i ng apparatus according to the third or fourth

aspect, further conprising: a  novi ng-speed det ecti ng
circuit for cal cul ating a noving speed of the noving device at
each 5 tinme; a rotation-speed det ecting

circuit for 15

description taken in conjunction with the preferred
embodiments thereof with referenc;e to the accompanying
drawings, in which:

Fig. 1 is an overall schematic diagram of an

5 electronic component mounting apparatus according to an
embodiment of the present invention;

Figs. 2A, 2B, 2C, 2D, 2E, and 2F are
explanatory views of acquiring of a three-dimensional
image in the embodiment; -

10 Figs. 3A, 3B, and 3C are explanatory views of
the component mounting operation in the embodiment;

Fig. 4 is an arrangement sectional view in the
x-axis direction of a 3D sensor in the embodiment;

Fig. 5 is an arrangement sectional view in the

15 y-axis direction of a 3D sensor in the embodiment;

Pig. 6 is an explanatory view of output signals
from the 3D sensor in the embodiment;

Fig. 7 is an internal arrangement diagram of a
main control section in the embodiment;

20 Fig. B is an internal arrangement diagram of a
| height computation circuit in the embodiment;

Figs. 92A, 8B, 9C, and SD are mounting process
diagrams in an electronic component mounting apparatus

accoxrding to the prior art;



calculating a rotation speed of the polygon mrror at each time
upon reception of a rotation-anmount signal of t he polygon mrror;
10 a second conparing circuit for conparing the

novi ng speed of the noving device and the rotation speed of the

pol ygon ni rr owowsadsseach ot her, wher ei n whe RCHIBA7TLBEence
bet ween the novi ng speed of the noving device and the rotation
speed of the 15 pol ygon mirror as a conparison result obtained from

t he second conparing circuit falls within an all owabl e range,

the data stored in the imge nenory is processed as effective data,
whi | e when the difference does not fall within the all owabl e range,
the data stored in the imge 20 menoryg i s processed as ineffective

dat a. Wth this arrangenent, in the electronic
conponent nounting apparatus as described in the third and/ or
fourth aspects, either opgger hainh afoBR,heandvildg are mouAfiRhg! pHodess
novi ng devi ce that noves the electronic 25 conponent to be nounted as
well as the rotdiagramgpint tdfe electronic component mounting apparatus

according to an embodiment of the present invention;
Fig. 11 is an explanatory view of an example of
5 a method of measuring a height according to the
embodiment ;

Fig. 12 is an explanatory view of relationship
between a main contreol section and individual devices in
the embodiment;

10 - Fig. 13 is a timing chart showing timing of
image-acquiring in the embodiment;

FPig. 14 is a flowchart showing operations from
image-acquiring to .image processing in the embodiment;

Figs. 157, 15B, and 15C are explanatory views

15 of an algorithm as one example relating to 1lead
recognition of the component in sequential oxrder;

Figs. 16A, 16B, and 16C are explanatory views
relating to a method of measuring lead floating of the
component ;

20 Fig. 17 is an explanatory view of height
computation of each lead of the component; and

Fig. 18 is a timing <chart showing the
embodiment where images of a plurality of electronics

components are acquired and processed.



WD 97/ 40657

PCT/ JP97/ 01385

12 the polygon mrror and the noving speed of the noving

devi ce as wel |l

as the noving speed of the polygon mrror are

nonitored by way of circuit, by which the normality 7101385
t hr ee- di mensi ¥&9#74%68ge (coi nci dence of lateral 5 ratioq% | mage

W t hout any partial distortions) which is acquired by scan notions
of both the noving device and t he pol ygon mrror under independent

notions i s ensured. Thus, the accuracy and reliability of
calculation results obt ai ned fromthe processing of the

t hr ee-di nensional 10 | mage are ensured. According to

a sixth aspect of the present i nveatsi on, there is provided an

el ect.roni ¢ conponent

third

clock rate chd@BiNhJQREFOR YINGng¥hgtHE INVENTIO

-10

15

20

25

Before the description of the present invention
proceeds, it 1is to be noted that 1like parts are
designated by like reference numerals throughout the
accompanying drawings.

Hereinbelow, an electronic component mounting
apparatus showing an embodiment of the present invention
is described in detail below with reference to the
accompanying drawings.

Fig. 1 is an overall outline view of the
electronic component mounting apparatus according to this
embodiment. In Fig. 1, reference numeral 1 denotes a
mounting apparatus body of the electronic component
mounting apparatus, 2 denotes an electronic component to
be wmounted by the mounting apparatus (hereinafter,
abbreviated as component), 3 denotes a tray on which the
components are placed, 4 denotes a tray feeder unit as a
component feeder unit for automatically feeding the
components 2 placed on the tray 3, 7 denotes a head for
sucking up and placing the component 2 in the mounting
process, 5 dQenotes an x-axis-side robot (hereinaftex,
abbreviated as x-axis robot) which is a part of an X-Y
robot serving as one example of a component o©r head
section moving device and moves the head 7 along the x-

axis, 6fa and 6b denote y-axis-side robot (hereinafter,

nount i ng apparatus according to any one of the
through fifth aspects, further conprising: 15

a



fundanmental clock rate at which the three-dinensional I mage is

acquired,

wherein when a high resolution is needed for

t he three-di nensi onal image, the fundanental clock rate 20 i s made
faster by the clock rate changi ng neans while the novi nq speed

the novi ng deWiodaM4p6sT nade sl ower, and wher ei n when ZCRMEIA B
needed for acquiring the t hr ee-di nensi onal i mage, the fundanent

clock is made
noving 25

sl ower by the clock rate changing neans while the
speed of the noving device is nmade faster.

97/ 40657 PCT/ JP97/ 01385
13 Wth this arrangenent, in the electronic
conmponent nounting apparatus as described 1 any one of t he thi

through fifth aspects, the apparatus can be

10

15

20

abbreviated as y-axis) which is a part of the X-Y robot
and moves the head 7 along the y-axis, 8 denotes a three--
dimensional (hereinafter, abbreviated as 3D) sensor,
which acquires a height image of the component 2.
Denoted by 9 is a printed circuit board on which the
component 2 is mounted.

When the component 2 placed on the tray 3 is
sucked up by the head 7 and moves along the x-axis rocbot
5, a 3D (height) image of the component 2 is captured by
the 3D sensor 8. The (height) image obtained by the 3D
sensor 8 is processed in software, thereby subjected to a
3D configuration examination for the positioning, lead
flocat or other items of the component 2. Then, according
to the positioning information, the component 2 is placed
to a specified position on the printed circuit board 9.

Figs. 2A-2F are explanatory views of the
capturing of a 3D image of the electronic component
mounting apparatus according to the present embodiment.
In Figs. 2A-2F, reference numeral 2 denotes the component
that is moved by the operation of the x-axis rcbot 5, 8
denotes the three-dimensional sensor, 44 denotes a laser
beam scanned by a polygon mirror, 45 denotes a lead which
is one of the leads of the component 2 and which is bent

{floated) toward a side opposite to the placement

of

dis

al

)

rd



operated by changing the fundanental clock rate 5 (frequency)

for acquiring a three-di nensional inage and by, in conbination,
accel erating or decelerating the novi ng speed of the noving device
at which the object is noved. In this way, in the pro

perform ng t heVO9%740657 nositioning and the  three-di rrensigﬁgfw%nss
conponent 10 configuration check of an electronic conponent in
correspondence to the conmponents to be nounted and wi t hout
inmpairing the normality of the acquired image, t he sw tching

bet ween enhancing the resolution for preference for positioning or
checki ng accuracy, and 15 enhanci ng the scanni ng speed for preference
for speed can be inplenmented with ggnplicity.

According to a seventh aspect of the present i nvention, there is
provi ded an el ectronic conponent nount i ng apparatus according to

any one of the tsurfacey0 and t B6ougRneteeh hebalt s dFta t resudsaApsi sErgm
a device for calculati,ng a di,stance_b oneng i's noved
Iﬁé%cc?r?p s 9

during a time af?ef dese of th\hifcgdl%scﬁyecf}%[] ggﬁgle
data-acquiring start posigigl 2a-2c¢ WBbhikt! NEowoOrPorgNt jageocakedept a
valid | aser beam
component 2 is captured into an image memory 35 through
5 steps of wmoving the component 2 on the 3D sensor B8,
applying the laser beam 44 to the bottom surface of the
component 2 by a scan of the laser beam 44 in a direction
vertical to the movement of the component 2 to thereby
form an image of the reflection of the laser beam 44 on a
10 semiconductor 'position-sensing- device, and computing
outputs of the semiconductor position-sensing device
sequentially to determine heights.
Data captured in individual horizontal lines of
the image memory 35 are height data, as viewed from the
15 3D sensor 8 side, of height-computed objects located omn.
the individual laser scanning lines (leads and package of
the component 2 in this case). These data are as shown
in the X-Y cross sectional Qiew.
Figs. 2D-2F depict a state of the image memory
20 35 at a time point when the component 2 has passed
through on the 3D sén:or 8. In particular, if the lead
45 is floating, the height data 46 corresponding to the

lead 45 out of the Z-W cross sectional view is of greater

value, compared with the other leads. This data



25 start position of |ine scanning, WO 97/ 40657
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wherein taking in consideration of the distance cal cul ated by the
cal cul ati ng neans, positioning of the conponent is perforned b

usi ng the thr 80 %H4¥EHsi onal i rage. 5 ARV EPHR% o
the above construction, when positioning of the conponent is
performed based on the calculating result carried out by the

cal cul ati ng nmeans, it can be prevented that the positioning
accuracy may be deteriorated due to variation in a shift of timng,
10 resulting in positioning with higher accuracy.

According to the above aspects of the presejy i nvention, the

el ectroni c conponent nounting apparat us

comparison enables an examination of 3D configuration
such as the lead float examination of leads.
Also, since the image memory 35 receives two-
dimensional image data of the component 2, image
5 processing of this information enables the positioning of
components in the same way as the image processing using
an image pickup device such as a camera, although there
is a difference between brightness data and height data.
Figs. 3A-3C are explanatory views of the
10 mounting operation ot the electronic component mounting
apparatus according to the present embodiment. 1In Figs.
3A-3C, reference nuwerals 2, 3, 4, 8, 9 denote the
component to be sucked up, the tray, the tray feeder
unit, the 3D sensor, and the printed circuit board on
15 which the components are to be mounted.
In Figs. 3A, the track represented by arrowse
drawn from a point A to a point B, from the point B to a
point C, and from the point C to a point D represents a
sequence of operations in which the component 2 is plaéed
20 at a required position on the printed circuit board 9
through the operations by the electronic component
mounting apparatus including the steps of: picking up the
component 2 from the tray 3, allowing the component 2 to
pass through on the 3D sensor 8, thereby acquiring a 3D

25 image of the component 2 by the 3D sensor B, performing



can reduce the nounting processing tinme in nounting

conponent s t hat

require a three-di nensional configuration 15 check such as copl anarity
check, and which can ensure both horizontal and vertical pixel
sizes (resolution) for pi cked-up images in the nounti

conmponent s, arﬂio’;"‘"“’ further which can be flexibly adapt edpgg 9{”333?
speed and hi gher resol ution (higher accuracy) of the nounting for
20 the nounting of narrow pitch conmponents such as QFPs or

connectors. BRI EF DESCRI PTI ON OF DRAW NGS These
and ot her aspects and features of the present invention will becone
clear fromthe follow ng WO 97/ 40657

PCT/ JP97/ 01385
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15

20

25

21 15

the positioning and examination of the component by image
processing of this image data to thereby calculate and
correct the placement position.

| Figs. 3B, 3C represent how the moving
operations of the individual robots in the x-éxis and y-
axis directions according to the track of the component 2
shown by Fig. 3A are accelerated or decelerated. In this
state, the component 2 passes through above the 3D sensor
8 during the x-axis movement acquired between the point B
and the point C, where a 3D image is picked up. During
this process, the operating speed of the x-axis robot is
constant while the y-axis robot is kept stopped.

For the rest of operation, in order to minimize
the total mounting time, accelerating and decelerating
operations which = involve temporary stops at speed-
changing points from the operation between the point A
and the point B to the operation between the point B and
the point ¢, and from the operation between the point B
and the point C to the operation between point C and
point D are eliminated so that the mounting operation of
the machine is enhanced.

Construction and function of the 3D sensor B8
are explained in detail below.

Fig. 4 is an arrangement view (sectiocnal view)

of the 3D sensor 8 as viewed along the x-axis, and Fig. S



description taken in conjunction with the preferred enbodi nment s
thereof with reference to the acconpanying drawi ngs, in which:
Fig. 1 is an overall schematic diagram of an 5 el ectroni c conmponent

nmounti ng apparatus according to an enbodi nent of the
i nvention; WO 97/40657 Figs. 2A, 2B, 2C, 2D, %ﬁﬁ%@”are

expl anatory views of acquiring of a three-dinensional. Jlmage in the
enbodi ment; 10 Figs. 3A, 3B, and 3C are explanatory vi ews of

t he conponent nounting operation in the enbodi nent; Fig. 4
I's an arrangenent sectional viewin the x-axis direction of a 3D
sensor in the enbodi nent; Fig. 5 1s an arrangenent

sectional viewin the 15 y-axi s diregd on of a 3D sensor in the
enbodi nment ; Fig. 6 is an explanatory view of out put

signal s fromthe 3D sensor in the enbodi nent; Fig
7 is an internais aanaﬁgmm%nfag‘rﬂeﬁﬁ ofsgetional Vlt?&ﬁ’n°€oﬁ?‘@ol3ns€@ﬂ"i58ﬁ in

t he enbodi nent; 8 is an_inter arranggment, di
of a heP IS cASIESR | BRORF S MARRRE - onbdl nEAREC U ana (307 aM

reference numeral 5 denotes the x-axis robot, 7 denotes
the head, 2 denotes the sucked-up component, 10 denotes a
5 semiconductor laser for emitting a laser beam, 11 denotes
a condensing-and-shaping lens for condensing and shaping-
the lasex beam, 12 denctes a polygon mirror for scanning -
the laser beam that has impinged on the mirror, by:
. mechanical xrotation, 13 denotes a half mirror which"
10 passes part of the laser beam therethrough and reflects
another part, and 14 denotes a mirror for reflecting

light.
Further, numeral 15 denotes an F-8 lens for
changing the optical path so that the laser beam swung
15 mechanically by the polygon mirror 12 is projected
vertically onto the component 2, which is the subject;
16a, 16b denote image-forming lenses which form into
images the reflection (scattered light) of the laser beam
that has impinged on the component 2; 17a, 17b denote
20 semiconductor position sensing devices (hereinafter,
. abbreviated as PSDs) as position detecting elements on
which the reflected light of the laser beam that has
impinged on the component 2 forms an image through the
image-forming lenses 16a, 16b, where the PSDs 17a, 17b

25 each have a function of generating an electrical signal



Figs. 9A, 9B, 9C, and 9D are nounting process di agrans in an

el ectroni ¢ conponent nounting apparat us according to the prior art;
WD 97/ 40657 PCT/ JP97/ 01385
16 Figs. 10A, 10B, and 10C are nounting pro
di agrans in t hWO&F46T oni ¢ conponent nounting apparatus - 58?121693!8}3&" ng
to an enbodi nent of the present invention; . Fig. 11 is an
expl anatory view of an exanple of 5 a nethod of neasuring a
hei ght according to the enbodi nment ; Fig. 12 is
an expl anatory view of relationship between a main control section
and individual devices in t he enbodi nent;

23

correlated to the position of the image-formed beam.
Further, 18a, 18b denote ocutput signals of the PSDs 17a,
17b.
In this case, the laser beam emitted from the
5 . semiconductor laser 10 is condensed and shaped in beam
configuration by the condensing-and-shaping lens 11, then
passing through the half mirror 13, being reflected by
the mirror 14, and impinging on the polygon mirror 12.
The polygon mirror 12 being in constant rotational
10 motion, the laser beam that has impinging on the mirror
surface will be swung. Further, the laser beam changed
in its optical path by the F-6 lens 15 is made to
vertically impinge on the component 2, and the resultant
reflected light is formed into an image on each of the
15 PSDs 17a, 17b via the image-forming lenses 1l16a, 16b so
that the PSDs 17a, 17b generate the output signals 18a,
18b that allow the heights of the laser reflecting
surfaces of the component 2 to be measured.
Further, reference numeral 19 denotes an
20 optical sensor for detecting input of light, 20 denot;es a
.signal that informs the ocutside of the fact that 1light
has been input to the optical sensor 19. This signal 20
will change when the individual mirror surfaces of the
polygon mirror 12 have come to specified angles, and, as

25 it were, corresponds to an origin signal (indicating a



10 Fig. 13 is a timng chart show ng timng of

| mge-acquiring in the enbodi nent; Fig. 14 is a flowhart
showi ng operations from | mage-acquiring to i nage processing in the
enbodi nment ; Figs. 15A, 15B, and 15C are explan I ews
15 of arwoarissTthm as one exanple relating taq Ieﬁ%”‘%’%y”g
recogni tion of the conponent in sequential order; _ - Fi gs.
16A, 16B, and 16C are explanatory views relating to a nmethod of
measuring |l ead floating of the component; 20 Fig. 17
Is an explanatory view of height conput ati on of each | ead of

t he conponent; and Fig. 18 is a timng chart show ng
t he enbodi ment where inages of a pjqrality of electronics
conponents are acquired and processed. WO 97/ 40657

PCT/ JP97/ 01385
surface origin) of each surface of the polygon mirror 12.

Additionally, for example if the polygon mirror 12 has 18
surfaces, 18 times of signals per rotation are outputted
when the polygon mirror 12 has rotated to angles in equal

5 intervals (in every 20 degrees for 18 surfaces),
respectively. The resulting signals are called rotation-
amount signals of the polygon mirror 12.

The 3D sensor 8 in this embodiment has two
systems of PSD circuits. This provision is designed

10 primarily to compensate shortages in the case of one
system of PSD circuit where upon reflectiocn of the laser
beam on the component, the reflected light may not come
back to the PSD in terms of angle. Although three ox
more systems may be more effective, it is technically

15 . gimilar to the case of two systems, and so the
description is made here on the two systems.

Here, an example of a method of measuring 2
height of the component to be measured by the PSDs 17a,
17b will be representatively described in a case of the

- 20 PED 17a as based on Fig. 11.

In Fia 11, a laser beam projected on the
component 2 by scanning in a direction perpendicular to
the drawing sheet of Fig. 11 from the F-8 lens 15 is
irregularly reflected from the component 2. In this

25 case, it is assumed that the projected point is a point



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Before the

description of the present invention proceeds, it is to be noted
that |ike parts are designated by |ike reference nunerals

t hroughout the 5 acconpanyi ng draw ngs. | ow,
an eIectronic‘WBﬁﬂ@W@ht nmount i ng appar atus show ng anrgﬁggggﬁgﬁt of
the present invention Is described in detail below w th.reference
to the acconpanyi ng drawi ngs. 10 Fig. 1is an
overall outline view of the el ectroni ¢ conponent nounting
apparatus according to this enbodinent. In Fig. 1, reference
nunmeral 1 denotes a nmount i ng apparatus body of the electronic
conponent nounti ng apparatus, 2 dens$es an el ectronic conmponent to
15 be nmounted by the nounting apparatus (hereinafter,

abbrevi ated as conponent), 3 denotes a tray_on which the conponent s

are placed, 4 deRat€§ &herBSigheR XA (Fhs bettom of thgpamRARN e ni t
for automatically, feqdind "% che neidilMPENS dad! BGEbLL LAY edd Peri 7

denotes a head f
scattered laser beams are formed into images by the

image-forming lens 1l6a, and then form images on the PSD
5 17a at points A, and B,, respectively. As a result,
electromotive forces are generated at the points A, and
B,, and electric currents I; and I, are taken out from
the point C and electric currents I, and I, are taken out
from the point D.. The values of the currents I, and I,

10 are determined by resistance components in proportion to.
a distance x, between the points A, and C and a distance
between the points A, and D, while the values of the
currents I, and I, are determined by resistance
components in proportion to a distance xg between the

15 points B, and C and a distance between the points B, and
D. Then, when a length of the PSD 17a is L, the xp and
xp of Fig. 11 are found by the following equations:

xp =L x I3/ (I; + I3)
xg =L x I, / (I + I,)

20 Therefore, the distance H' between the points A, and B,
on the PSD 17a of Fig. 11 is determined by the following
equation;

H’ = Xxp - Xp
The above height H is determined by the determined H’ on

25 the PSD.



20 sucki ng up and placing the conponent 2 in the nounting

process, 5 denotes an x-axis-side robot (hereinafter, abbrevi at ed
as x-axis robot) which is a part of an X-Y robot serving as one
exanpl e of a conponent or head section noving device and noves the
head 7 al ong WO®740657 25 axis, 6a and 6b denote y-axis-si #ETIBAIILS
(hereinafter, WD 97/ 40657 . _

PCT/ JP97/ 01385 18

abbreviated as y-axis) which is a part of the X-Y robot and noves
the head 7 along the y-axis, 8 denotes a three- di nensi ona
(hereinafter, abbreviated as 3D) sensor, whi ch acquires a hei ght

i mage of the conponent 2. 5 Denoted by, 9 is a printed circuit board
on which the conmponent 2 is nount ed. When t he

conponent 2 placed on the tray 3 is
Next, the principle of operation in which a 3D

image is formed in the electronic component mounting
apparatus according to this embodiment is explained with
reference to Figs. 6 and 7.

5 Fig. € is an explanatory view of an output
signal from the 3D sensor B8 of the electronic component
mounting apparatus of the present embodiment, and Fig. 7
is an internal arrangement diagram of the main control
section. Referring to Fig. 6, reference numeral 2

1o denotes the component; S denotes the x-axis robot; 7
denotes the head; 8 denotes the 3D sensor; 18a, 18b
denote the PSD ocutputs; 20 denotes the rotation-amount
signal; 21 denotes a wmwain contrcl section of the
electronic component mounting apparatus; 22 denotes a

15 reference-position sensor for informing the main control
section 21 of a reference position for the image
acquiring of a 3D image on the x-axis robot 5; 23 denotes
a reference-position signal for, when the head 7 has
passed the reference-position sensor 22, informing the

20 main control section 21 of it; and 24 denotes an encoder
of a motor that moves the x-axis robot 5; and 25 denotes
‘an encoder signal outputted by the encoder 24.

When the component 2 picked up from the tray 3
is moved by the x-axis zrobot S, the encoder 24 keeps

25 normally giving encoder signals (AB phase, Z phase or



sucked up by the
(hei ght) inmage of
The (height) imag

sof t war e, therer
3

t he positionind"

Then, according

pl aced 15 to
Figs. 2A-2F are
I mge of the elec
t he present enbod
t he conponent 20
8 denot es

beam scanned by a

the | eads of the
si de -opposite_ t

head 7 and noves al ong the x-axis robot 5, a 3D

the conponent 2 is captured by 10 the 3D sensor 8.
e obtained by the 3D sensor 8 is processed in
subjected to a 3D configuration exarg bhiiadsC"
7 float or other itens of the-conponen )

to the positioning information, the conponent 2 is

a specified position on the printed circuit board 9.

expl anatory views of the capturing of a 3D
troni ¢ conponent nount i ng apparatus according to
I ment . In Figs. 2A-2F, reference nuneral 2 denotes

that is noved by the aperation of the x-axis robot 5,

the t hree-di nensi onal sensor, 44 denotes a | aser
ol,ygon mrror, 45 denotes_a | ead which .is one of
EEHb%%%ﬁ’E‘tZS&H&%i A&r i Eopdke maln coperal; @gFtipBwAlt a

Qheggﬁorgleuéﬁﬁgg the reference-position signal 23 is
given to the main control section 21 when the component 2

passes through the reference-position sensor 22, these

two signals allow the relative position of the component

2 from the reference position on the x-axis robot 5 to be

calculated by:the main control section 21.

.10

15

25

Meanwhile, the rotation amount of the polygon
mirror 12 within the 3D sensor 8 is normally given to the
main control section 21 as the rotation-amount signal 20
while the polygon mirror 12 is rotating. Thus, the
rotation-amount signal 20 as well as the reference-
position signal 23 allow the rotation amount of the
polygon mirror 12 since the pass through the reference
position to be calculated.

As the rotation amount of the polygon mirror 12
increases in proportion to its speed, so the moving
amount of the x-axis robot 5 increases similarly. 1In the
3D sensor B in this embodiment, on the other hand, it is
assumed that the polygon mirror 12 will rotate and the x-
axis robot 5 will advance straight in the image-acquiring
of the 3D image at equal speed to that of the rotation of
the polygon mirror 12. If this condition is disturbed,
the horizontal and vertical resolutions per pixel (pixel

size) of the acquired 3D image would vary responsively to
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19 surface, and 46 denotes height data resulting from

acquiring an inage of the lead 45 by the 3D sensor 8.

Figs. 2A-2C depict how a 3D i mage of the conponent 2 is captured
into an i nRgeWEOWMSF? 35 t hrough 5 steps of ‘nmoving the ESHEBHOMSS2 on

the 3D sensor 8, applying the | aser beam 44 to the bottom surface
of the conponent 2 by a scan of the |laser beam 44 in a direction
vertical to the novenent of the conponent 2 to thereby form an
i mge of the reflection of the | aser beam 44 on a 10 sem conduct or
position-sensing device, and conputing out puts of the
sem conduct or position-sensing device 28 sSequentially to determ ne
hei ght s. Data captured in individual horizontal |ines of
the image nenory 35 are height data, as viewed fromthe 15 3D sensor 8
side, of hei ght sperputeakigsiiontss | octhial makes a facheri mf veswars| abrer
scanning lines (leads and package of .the conRonent 2 in this case)
These data are H€3SHEREent accuriacy. Thus, in the electronic component
mounting apparatus of the present embodiment, the 3D
image is acquired into the image memory 35 located within
5 the main control section 21 by the above-constructed 3D
sensor 8, while the apparatus employs the rotation-amount
signal 20 of the polygon mirror 12 as well as the encoder
signal 25 of the motor to monitor and control the
matching between the polygon mirror 12 that basically
10 executes equal-speed rotational motion and the head 7
that is driven by the motor such as a servo motor.
Referring to Fig. 7., reference numeral 26
denotes a moving-amount detecting circuit for calculating
a moving amount (distance) from a reference position of
15 the x-axis robot 5 upon reception of the encoder signal
25; 27 denotes a moving-speed detecting circuit for
calculating a moving speed at each time of the x-axis
robot 5 upon reception of the encoder signal 25; 28
denotes a rotation-amount detecting circuit for
20 calculating a rotation amount from the reference position
of the x-axis robot 5 upon reception of the rotation-
amount signal 20 of the polygon mirror 12; 29 denotes a
rotation-speed detecting circuit for computing a rotation

speed at each time of the polygon mirror 12 upon

25 reception of the rotation-amount signal 20; 30 denotes a



in the X-Y cross sectional view. Figs. 2D 2F depict a
state of the imge nenory 20 35 at a tine point when the conponent

2 has passed

t hrough on the 3D sensor 8. In particular, if the

| ead 45 is floating, the height data 46 correspondi ng
| ead 45 out of WhEF™SS/ cross sectional viewis of greater. ‘I&’f"ggﬁ"a“eﬁ

conpared with the other |[eads. This data . W0_97/ 40657
PCT/ JP97/ 01385 20

conpari son enabl es an exam nation of 3D configuration such as the
| ead fl oat exam nation of | eads. Al so, since the inmge
menory 35 receives two- di nensional imge data of the
conponent 2, inmge 5 processing of tleEss informati on enables the

posi ti oni ng of

10

15

20

25

first comparing circuit for making a comparison of moving
amounts between the motion of the x-axis robot 5 and the
rotation of the polygon mirror; 31 denotes a second
comparing circuit for making a comparison of moving
speeds between the motion of the x-axis robot 5 and the
rotation of the polygon mirror; 32, 33 denote storage
circuits for storing comparison results of the comparing
circuits 30, 31, respectively; 34 denotes a processing
cirxcuit for controlling and monitoring the whole main
control section 21; 35 denotes an image memory £for
acquiring oxr storing the 3D image (height image); 36
denotes a timing generating circuit for generating
various types of timing signals to acquire PSD outputs
18a, 18b delivered by the 3D sensox 8; 37 denotes an
interface circuit for allowing the main control section
21 to receive the PSD ocutputs 18a, 18b; and 38 denotes a
height computation circuit for converting and correcting
the PSD outputs 18a, 18b #nto height signals.

The PSD outputs 18a, 18b generated by the 3D
sensor 8 are inputted to the main control section 21 by
the interface circuit 37. The inputted PSD outputs 18a,
18b are basically raw signals outputted by the PSDs 17a,
17b. In order that the height image is processed by
software-like manner, it is necessary to perform various

types of computations such as height conversion and



conponents in the same way as the image processing using an i mage
pi ckup device such as a camera, although there Is a difference
bet ween bri ght ness data and hei ght dat a. Figs. 3A-3C are

explanatory views of the 10 nounting operation of the el '
conponent NDING $7ig657 apparatus according to the pr_ese%cerm#%ent.

In Figs. 3A-3C, reference nunerals 2, 3, 4, 8, 9 denote the
conponent to be sucked up, the tray, the tray feeder unit, the 3D
sensor, and the printed circuit board on 15 whi ch the conponents are
to be nount ed. In Figs. 3A, the track represented by
arrows drawn froma point Ato a point B, fromthe point Bto a
point C, and fromthe point Cto a point Qgepresents a sequence of
operations in which the component 2 is placed 20 at a required
position on the printed circuit board 9 t hrough the operations by
the el ectroni c conpesteite calculatimn® iong thsp AR entpnEBuditag L8P .s@@ss of :

D to 0 P asie nisugiPon IPRetaD SBISBE SoNEANPPa RN 1 3D A5
i mage of the cog Sﬁ‘aeft cgmgéftég'eb§[)t§§n§1%rigﬁt REWEAtAL88n circuit 38 is
acquired into the image memory 35 as height data, and
5 subjected to various types of software processing by the
processing circuit 34.

The acquiring of height data into the image
memory 35 is executed sequentially on the individual
horizontal lines of the image memory 35. In this case,

10 the rotation-amount signal 20 of the polygon mirror 12 is
used as a synchronization signal (reference signal) for
the individual polygon surfaces.

In such a sequence of image-acquiring
operation, the operation of the x-axis robot 5 (i.e.,

15 movement of components targeted for image-acquiring) and
the operation of the polygon mirror 12 are executed
independently of each other. In more detail, based on
the encoder signal 25, the moving amount and speed of the
x-axis robot 5 are calculated by the moving-amount

20 detecting circuit 26 and the moving-speed detecting

| circuit 27, respectively. Then, based on the rotation-
amount signal 20 of the polygon mirror 12, rotation-
amount and -speed of the polygon mirror 12 are calculated
by the rotation-amount detecting circuit 28 and the

25 rotation-speed detecting circuit 29, respectively. The
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the positioning and exam nation of the conponent by inage

processing of this inage data to thereby cal cul ate and correct t
pl acenent position. Figs. 3B, 3C represefirpot)idss

nmoving 5

V) &Y486¥70ns of the individual robots in the x-axis and y-

axis directions according to the track of the conponent 2 - shown
Fig. 3A are accelerated or decelerated. In this state, the

conponent 2 passes through above the 3D sensor
nmovenent acquired between the point B 10

i mge is picked up. During this process, the operating speed of

t he x-axi s robot

st opped.
t he total

10

15

20

S constant while Bhe y-axis robot is kept

he
t he

by

8 during the x-axis
and the point C, where a 3D

For the rest of operation, in order to mnimze
nounting time, accel erating and decel eratin

moving amounts and speeds of the x-axis robot 5 and the

polygon mirror 12 are compared with each other by the

comparing circuits 30, 31, respectively, and the-

comparison results are stored in the storage circuits 32,

33. In this way, synchronized operation between the

movement of the Xx-axis robot 5 and the rotation of the

polygon mirror 12 is monitored and controlled.

As an example of the monitoring, in each of the

comparing circuits 30, 31, when the difference obtained -

from the comparison result falls within an allowable

range, the data stored in the image memory is dealt with

ase effective data. When the difference does not fall.

within the allowable range, the data stored in the image
memory is dealt with as ineffective data. That is, it
may be such that any comparison error larger than a
specified level is taken as an image-acquiring fault and
followed by one wmore method of acquiring the image, or
that, by referencing the comparison result, the 3D image
in the image memory 35 is processed for normalization,
correction oxr other processing with software or an
additional circuit provided.

Here, one example for converting the rotation-
amount of the polygon mirror 12 into the moving amount

will be described below.



15 operations which involve tenporary stops at speed-
changi ng points fromthe operation between the point A and t he
point B to the operation between the point B and the point C, and

fromthe operation between the point B and the point_ C
operati on bewaymogdi nt C and 20 point D are elim nat ed’%’b’["?ﬁ‘;a‘rh‘&t he

nount i ng operation of the machi ne i s enhanced. .
Construction and function of the 3D sensor 8 are explained in
detail bel ow Fig. 4 is an arrangenent view (sectional
view) 25 of the 3D sensor 8 as viewed along the x-axis, and Fig. 5
WO 97/ 40657 PCT/ JP97/ 01385

22 is an arrangenent view (sectioiml view) of the 3D sensor

8 as viewed along the y-axis. In Figs. 4 and 5,

It is supposed that the polygon mirror 12 has
dodecahedron and it is so designed that the component 2
is moved by 40um when the polygon mirror 12 is rotated by
30 degrees (=360°/12). At that time, when the rotation-
5 amount of the polygon mirror 12 after the image-acquiring
is started 1s 125.5 rotation, the component 2 is moved by
60,240 (pm) [= 125.S(rotation) x 12 (surface/rotation) x
40 (pm)] .-

In order to realize this operation in circuits,
10 the pulse number of the rotation-amount signal 20 from
the polygon mirror 12 (the number of the signals from
each surface origin which is a reference point of each
surface of the polygon mirror 12) are counted during the
image-acquiring operation. In the above example, when
- 15 the polygon mirror 12 is rotated by 125.5 rotations, the
number of the surface origins are counted by 1,506 (=
125.5 (rotations) x 12 (the numbers of the surface
origins)}]. Therefore, when the pulse numbers of the
rotation-amount signal 20 are 1,506, it may be considered
20 that the component is moved by 40um and then, the
- rotation-amount of the polygon mirror 12 can be converted

into the moving amount.
Fig. 8 is an internal arrangement view of the
height computation circuit 38. Reference numeral 41

25 denotes an A-D converting circuit for performing analog-



reference nuneral 5 denotes the x-axis robot, 7 denotes t he head, 2
denot es the sucked-up conponent, 10 denotes a 5 sem conduct or | aser
for emtting a | aser beam 11 denotes a conden;ing-and-shaping | ens
for condensi ng_and shapin the | aser beam 12 denotes

mrror for scgﬁmsﬁ@"“’p ) the | aser beam that has i npi nged cl)%T{jﬂ;e-’y‘gn&%ror,
by mechani cal rotation, 13. denotes a half mrror which .10

passes part of the |aser beam therethrough and reflects anot her
part, and 14 denotes a mirror for reflecting l'i ght.

Further, nuneral 15 denotes an F-[err] lens for changi ng the
optical path so that the | aser beam swng 15 mechanically by the
polygon mrror 12 is projected viExtically onto the conponent 2,
whi ch. i s the subject; 16a, 16b denote image-form ng | enses which

form into | ppges the reflection (scattered light) of the |aser
beam t hat tRa@iFhihgEanBaTEHRn c GRpditht PSD  pRrEPULS7 1 8fenolEb; 242
sem conductor positi ensi Vi C (her.ei naftey, _
abbrevi ated as PS e?&g‘gs p%sir‘]"?'loo%% Ei\"eeérta‘lq;glé1 gel‘:elr?"é":ﬁ't"g’on‘{3 denoteg,a . glork
reflected |light ofeié@rifgelcibeaitt ¥ BaSclock ratéMUHAYGIng" dd¥hs for

conponent 2 fornms an i nage through the
giving a clock of one rate (frequency) to the Aa-D

5 converting circuit 41 or the image memory 35 by selecting
one from among a plurality of clocks generated by the °
clock .generating circuit 42; 44 denotes a height
converting circuit for performing calculations on the PSD -
outputs 18a, 18b by the principle of triangulation; and

10 . 45 denotes a height correcting circuit for correcting the -
_non-linear relation between the posgition of a beam formed

- inte an image on the surfaces PSDs 17a, 17b and the -
position of the laser beam impinging on the measurement
object. In this case, clocks of two or more kinds of
15 frequencies generated by the clock generating circuit 42
are selected by the clock selecting circuit 43, and the
selected clocks are given to necessary circﬁits within
the main control section 21, such as the A-D converting
circuit 41 ana the image memory 35, which require these
20 signals, while the operating speed of the x-axis robot is
increased or decreased inversely proportional to -the
speed of these clocks. Thus, it becomes possible to
change the resolution without adding any special circuit,
while maintaining the horizontal and vertical pixel sizes

25 of the acquired image (3D image). For example, assume



| mage-form ng | enses 16a, 16b, where the PSDs 17a, 17b 25 each hav

e a

8a,
In
Ois

he

function of generating an electrical signal WO 97/ 40657
PCT/ JP97/ 01385 23
correlated to the position of the inmage-forned beam Further8 1
18b denote owygeidessgnal s of the PSDs 17a, 17b. PCT/IP97/01385
this case, the |laser beamenmtted fromthe 5 sem conductor |aser 1
condensed. and shaped i n beam configuration by the
condensi ng- and- shaping I ens 11, then passi ng through the half
mrror 13, being reflected by the mrror 14, and inpinging on t
pol ygon mrror 12. The polygon mrror 12 being in constant
rotational 10 motion, the |aser beam{jat has inpinging on the mrror
surface will be swng. Further, the |aser beam changed
that when A-D conversion is performed at 4 MHz and the x-
axis robot is operated at 100 mm/s, the horizontal and
vertical pixel sizes are 50 um, equal to each other. 1In
this case, if the clock of B MHz is selected and given to
5 the necessary circuits and if the x-axis rcbot is
operated at 50 mm/s, then the pixel size (resolution} of
the image to be acquired can be a 25 um pixel.

In this case, the data quantity pexr line
(horizontal line) doubles, while this is the case also

i0 with the vertical direction. Therefore, an attempt to
acquire an image of a doubled resolution to the same
field-of-view size would require a four times larger
capacity of the image memory 35. This depends on whether
to select the enlargement of the image memory 35 or to

15 ‘restrict the field-of-view size of the image memory 35 in
use with the resolution enhanced.

Next, the relationship Dbetween individual
signals and the image-acquiring and image-processing
operations performed by the main control section 21 of

20 Fige. 7 and B8 will be described based on Figs. 7, 8, 12,
and 13.

The motor is provided in the x-axis xobot 5
which moves the head section 7 sucking up the component
2. An AB phase signal indicating a normal moving

25

distance of the x-axis xyobot 5 and a Z phase signal



inits optical path by the F-[err] lens 15 is nade to vertically
| npi nge on the conponent 2, and the resultant reflected light is
formed into an i mage on each of the 15 PSDs 17a, 17b via the
i mge-formng | enses 16a, 16b so that the PSDs 17a, Ik, @8546kh8 ©
the out put si Y7065, 18b that allow the heights of the ?aser
reflecting surfaces of the conponent 2 to be neasured. .-
Further, reference nuneral 19 denotes an 20 optical sensor for
detecting input of light, 20 denotes a signal that informs the
outside of the fact that |ight _ has been input to the optical sensor
19. This signal 20 w || change when the individual mrror surfaces
of the pol ygon mirror 12 have cone 3% specified angles, and, as 25
it were, corresponds to an origin signal (indicating a WO
97/ 40657 . ] . ) PCT/ JP97/ 01385

indicating a fixed position (a certain rotary angle of

the motor) are outputted from the encoder attached to the

motor.

On rxeception of both of the 2 phase.signal and

5 . the position detecting sensor signal from the position
detecting sensor {which is constructed by a photo-sensor
or Hall element etc. as an example) for detecting the
reference position, the image data-acquiring operation is
started.

10 Since the time or period after the Z phase
signal and the sensor signal are received until the image
data-acquiring operation is started is very short, as
shown in Fig. 13, a sequential operations of the lasex
beam emission and the image data-acquiring operation is

15 automatically performed in synchronization with the
rotation-amount signal indicating the surface origins of
the polygon mirror 12 by a hardware, not by the
processing circuit 34. In ordexr to perform such an
operation, the timing generating circuit 36 outputs an

20 image data-acquiring timing. By the output of the image
data~acquiring timing, the image data of, for instance,
1,000 lines are acquired. In such a manner, the time for
acquiring the rotation-amount signal 20 is dealt with as

the reference position (surface origin of each surface of

25 the polygon mirror 12), and is determined as a start



24 surface origin) of each surface of the polygon mrror 12.
Additionally, for exanple if the polygon mrror 12 has 18 surf aces,
18 tinmes of signals per rotation are outputted when t he pol ygon
mrror 12 has rotated to angles in equal 5 i nterval s S
degrees forwolgM0&SHr f aces) , respectively. The resultlﬁggylgnals
are called rotation- anount signals of the polygon mrror

The 3D sensor 8 in this enbodi nent has two systens of PSD C|rcuits.
This provision is designed 10 primarily to conpensate shortages in

t he case of one system of PSD circuit where upon reflection of the
| aser beam on the conponent, the reflected |ight nay not cone

back to the PSD in terns of angle. Al t hggigh three or nore systemns
may be nore effective, it is technically 15 simlar to the case

of two systens, and so the description is nmade here on the two
syst ens. reference faoypreacquirinanphe dmagenedats of Aexaserample.

eI ot 1 ERTROE B RGN LSS iRy per comiih
Fig. 11. are acquired, the image-acquiring operation is

automatically completed for the component by acquiring
5 the image data of 1,000 lines.

The two analog signals are inputted in the
above manner from each of the PSD outputs 18a, 18b, and
then are amplified by an amplification circuit 202 as
shown in Fig. 12. Thereafter, these two analog signals

10 are analog-digital-converted by the A-D converting
cireuit 41 of the height computation circuit 38 wvia the
interface circuit 37. Thereafter, the above-described
height computation is performed based on each of the two
signals which are digitalized from the PSD outputs 18a,

15 18b to calculate lead height positions. Here, if a wvalue
of the digitalized signal falls within an allowable
range, the data is dealt with as the normal data to
sequentially process it. If the value does not fall
within the allowable range, the data is ignored. That is,

20 in the two PSD outputs 18a, 18b, if one of the outputs

| falls within the allowable range, only the PSD output
within the allowable xange is used. If the wvalues of
both of the PSD outputs fall within the allowable range,

an average value between the values of the PSD outputs is

25 used. If both of the values of the PSD outputs do not



In Fig 11, a | aser beam projected on the conponent 2 by scanni ng

in a direction perpendicular to the draw ng sheet of Fig. 11 from
the F-[err] lens 15 is irregularly reflected fromthe conponent 2.
In this 25 case, it is assuned that the projected point i |

WO 97/ 40657 WO 97140657 pCT! 9po7) FIREsHbHs
Alerr] of the height O fromthe bottom of the conponent 2 and - a
point Blerr] of the height Hfromthe bottomthereof, the

scattered | aser beans are formed into i mages by the I mage- f or m ng
| ens 16a, and then formimges on the PSD 5 17a at points Alerr] and
Blerr], respectively. As a result, el ectronotive forces are
generated at the points A2 and B[er3q, and electric currents

I[err] and I[err] are taken out from

fall within the allowable range, the PSD outputs are not
processed in the sequential processes to deal with as

error generation.
After the lead height data is computed in such
5 a manner, the height correction is performed by the
height correcting circuit 4S. This height correction
should be performed because of a fact that even though
positions of incident beams on the PSDs 17a, 17b are
linearly changed, the corresponding positions on the PSDs

10 17a, 17b are not linearly changed. The height correction
is performed by preliminary storing tables or curved
equations for correction and correcting the computed -
height data based thereon, resulting in obtaining
accurate height data.

15 The height-corrected height data is inputted
into the image memoxy circuit 35 while timings obtained
from the timing generating circuit 36 are stored as
addresses.

Then, based on data stored in the storage

. 20 circuit 32 as a comparison result in the comparing
circuit 30 between the rotations-amount detecting circuit

28 and the moving-amount detecting circuit 26, it is

decided whether or not the image data falls within an
allowable range. If does not £fall within the allowable

25 range, the image data stored in the image memory circuit



the point C and electric currents I[err] and I[err] are taken out

fromthe point D. The values of the currents I[err] and I[err] 10

are determ ned by resistance conmponents in proportion to a

di stance x[err] between the points Alerr] and C and a di stance

bet ween the pwowtseedferr] and D, while the val ues of the PCTAPITOI8E o ¢ s

Iferr] and I[err] are determned by resistance . conponents in
proportion to a distance x[err] between the 15 points B[err] and C
and a di stance between the points B2 and D. Then, when a length of
the PSD 17a is L, the x[err] and x[err] of Fig. 11 are found by
the foll owi ng equations: x[err] =L x I[err] / (I[err] +
I[err]) x[err] =L x I[esr] / (I[err] + I]err]) 20
Therefore, the distance H between the points Alerr] and B[err] on
the PSD 17a of Fig. 11 is determ ned by the foll ow ng equat i on;

H = x[err] - xPérdp dealt withhesadpe&frerive frta. deifrbbactmage tdata
determ ned H O@a1§2 withi%h%hzsgllowable range, the data stored in the

image memory circuit 35 is read out by the processing
circuit 34 to perform the image processing such as the
5 positioning of the component.

Hereinbelow, in more details, one example of a
flow of the image-acquiring operation and the acquired
image-processing operation with respect to one of the.
components 2 is shown in Fig. 14 as a flowchart.

10 As shown in Fig. 14, firstly, the image-
acquiring of the component 2 is performed at step #60.
Next, at step #61, the positioning of the leads

of the component 2 which image has been acquired is

performed. As the positioning, although there are
15 various kinds of methods (algorithms), a typical example
thereof will be described below. This positioning is

preferably-performed in the following manner. First, as
shown in Fig. 15A, the inclination of the leads at one
side of the quadrangular component -2 such as QFP is
20 roughly detected. Next, as shown in Fig. 15B, positions
- of the two leads arbitrarily selected among the detected
leads are roughly detected. Finally, as shown in Fig.
15C, the lead positions at one side of the component are
detected with good accuracy based on the roughly-detected

25 lead positions. In such a manner, when the lead
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26 Next, the principle of operation in which a 3D
image is formed in the el ectronic conponent nounting appar at us
according to this enbodinment is explained with refere LIS .
and 7. g WOITMO6ST Fig. 6 s gn expl anatory view of .an %&?g&%ﬁbﬁ
signal fromthe 3D sensor 8 of the el ectronic conponent —nount i ng
apparatus of the present enbodinment, and Fig. 7 s an interna
arrangenent di agram of the nmain control section. Referring to
Fig. 6, reference nuneral 2 10 denotes the conponent; 5 denotes
the x-axis robot; 7 denotes the head; 8 denotes the 3D sensor;
18a, 18b denote the PSD outputs; 20%enotes the rotation-anount
signal; 21 denotes a mamin control section of the el ectronic

conponent nounti ng @Eparatus; 22 denotes a_1 r.ef erepnce- position
sensor for infor PPAGCLARS nak nthe RNe|side of the.gppgranguigr componenic 2

positioq for theshggg%s QFP arxre detected, the remaining lead positions
may be detected with good accuracy as shown in Fig. 15C
with respect to the leads at the remaining sides, based

5 on the detected lead positions at the one side.

Next, it is decided at step #62 whether or not
the lead pitch is acceptable. If acceptable, the height
computation of each lead is performed at step #63 in the
below-described manner. In the height computation, as

10 shown in Fig. 17, the height information (which is data
themselves stored in the image memory) of a plurality of
pixels (corresponding to éach small square in Fig. 17)
around a lead end portion 204 (oblique line portions in
Fig. 17) of each lead is averaged based on the lead

15 position information obtained at step #61 to obtain the
lead heights. The three-dimensional position of each
lead is information (x;, y;, 24i) found by adding the lead
heights to the positions of the individual leads found
through the positioning operation, where i= 1, ---, n (n

20 is a number of leads).

Next, at step #64, a virtual plane (seating
plane) is calculated. Here, the virtual plane will be
described below. Generally, when components each having
a plurality of leads such as QFPs are mounted on a board,

25 it is possible that a part of leads of the component is



acquiring of a 3D inmage on the x-axis robot 5; 23 denotes a
reference-position signal for, when the head 7 has passed the
ref erence-position sensor 22, informng the 20 mai n control section 21
of it; and 24 denotes an encoder of a notor that noves the x-axis
robot 5; and WEIHMEER es an encoder signal outputted BGTAREOLRE oder
24. When t he conponent 2 picked up fromthe tray 3
is moved by the x-axis robot 5, the encoder 24 keeps 25 normal | y
gi ving encoder signals (AB phase, Z phase or WO 97/ 40657
PCT/ JP97/ 01385 27
equi valent signal) 25 to the main control section 21. Ther ef or e,
since the reference-position signal 23 is 4¢ given to the main control
section 21 when the conmponent 2 passes through the
reference-position sensor 22, these

separated from the electrodes of the board, which is

called a léad float state. A lead float detection for
detecting the lead float of the component before mounting
on the board is performed at step #65. When this
5 processing is performed in a condition where the
component is sucked by a nozzle, as shown in Fig. 163A, it
" is possible that the component 2 is sucked up by the
nozzle 7a with the component 2 inclined. Therefore,
accurate lead float cannot be found simply by calculating
10 the height of each lead due tg such an inclination of the
component . Then, the wvirtual plane which is a contact
plane on which the component is mounted is found, and a
distance from the virtual distance to each lead is found
to need to evaluate its lead float amount. In Fig. 16A,
15 a reference numeral 201 denotes a reference plane and 200
denotes an error (H, - H;) between heights of two leads
due to the inclination caused in the component 2 sucked

by the nozzle 7a.
The above virtual plane 202 1is a plane
20 constructed by three lead positions of the component 2,
and a plane satisfying the following two conditions can
be served as constructing points of the virtual plane

202.

(1) BAs shown in Fig. l16B, all 1lead

25 positions are above or on the virtual plane 202.



5 two signals allow the relative position of the co
fromthe reference position on the x-axis robot 5 to be
by the main control section 21. Meanwh
anount of the pol ygon mrror 12 within the 3D s
given to the WO97M4065hgmin control section 21 as the rot
20 whil e the polygon mrror 12 is rotating.
rotation-amount signal 20 as well as the referen
signal 23 allow the rotation anount of the pol y
t he pass through the reference 15 position to be c
As the rotation anount of the polygon mrror 12
proportion to its speed, so the noving 41 anount o
increases simlarly. In the 3D sensor 8 in this
other hand, it is 20 assuned that  the polygon mrr
and the x- axi s robot 2Wid% SERMME K3Hi gRCi
| mage-acquiring eq ee
rotation of Fﬁgceﬁﬁpgo%ggém%%f‘%b ?@% h?agc i

mrro con

nponent 2
cal cul at ed
ile, the rotation
ensor getifeodRiag! | v
ati on-anount si gnal
.Thus, t.he
ce- position
gon mrror 12 since
al cul at ed.
i ncreases in
f the x-axis robot 5
enmbodi nent, on the

or 12 mnlg rotate
f @pgnt (gravity

EQPIOH S J%@? ybed
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the acquired 3D i nage would vary responS|ver to

virtual plane 202 is present within a triangle

5 defined by three points of the

constructing the virtual plane 202.

lead positions

Next, based on the heights computed at step #63

and the virtual plane found at step #64,

it is decided at

10

15

20

25

step #65 whether oxr not the lead float amount falls
within an allowable range. The lead float amount is
found by calculating a distance between the lead and the
virtual plane found from the three-dimensional position
of the lead in all of the leads. The distance means the
lead float amount of each lead from the virtual plane.
If the value of the lead float amount falls within the
allowable range, the image processing operation is
completed. If the value does not fall within the
allowable range, the image processing operation is
completed as lead float error generation at step #67. If
the lead pitch deces not fall with the allowable range at
step #62, the image processing operation is completed as
pitch error generation at step #66.

Next, one example of a correcting process of
correcting a shift of the image-acquiring timing will be

described below.
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28 speed vari ati ons. This nmakes a factor of errors in
measur enent accuracy. Thus, in the el ectronic conponent nount i ng
apparatus of the present enbodi nent, the 3D image is acquired into
the i mage nenﬂﬂvwggﬂpocated within 5 the main control s&&IIB/ALIESHy
t he above-constructed 3D sensor 8, while the apparatus enploys the
rot ati on- anount signal 20 of the polygon mirror 12 as well as the
encoder signal 25 of the notor to nonitor and control the
mat chi ng between the polygon mrror 12 that basically 10 execut es
equal - speed rotational notion and the head 7 that is driven by the
nmot or such as a servo notor. a2 Referring to Fig. 7,
. reference nuneral 26 denot es a novi ng-anount detecting circuit
for cal cul ating

Fig. 12 is a diagram indicating the

relationship between the main control section 21 of Fig.
7 and the individual devices, in which the detecting
circuits 26-29, the comparing circuits 30, 31, the
5 storage circuits 32, 33, and the processing circuit 34
are shown by a single polygon mirror control part 200.
Fig. 13 is a timing chart showing the image-acquiring
timing.
' In Figs. 12 and 13, when the component 2 is
10  located at a specified position in accordance with the
movement of the head section 7, the 3D sensor 8 outputs
‘the position detecting sensor signal, and the polygon
mirror control part 200 is in a preparing operation for
acquiring the image data at a timing of the Z phase
1s generation that is one of the outputs from the encoder of
the motor for wmoving the component and that ensures a
'fixed position.
After the part 200 has been in the preparing
operation, actual image data is acquired for each one
20 line in synchronization with the detecting operation of
the surface origins of the polygon mirror 12. That is,
the rotation-amount signal 20 indicating the surface
origins of the polygon mirror 12 is detected, and then
the image acquiring is performed at the same as laser

25 beam emission of the semiconductor 10.



a novi ng anount

robot 5 upon rec
novi ng- speed det
each time of the
si gnal 25; 28 WO
for 20 ca
of the x-axis ro
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detecting circui
the polygon mrr
20; 30 denotes a
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(distance) froma reference position of 15 the x-axis

eption of the encoder signal 25; 27 denotes a
ecting circuit for cal cul ating a noving speed at
X- axi s robot 5 upon reception of thg6ieneREs
97140657 denotes a rotation-ampunt detecting circuit

culating a rotation anount fromthe reference position

bot 5 upon reception of the rotation- anount

pol ygon mrror 12; 29 denotes a rotation-speed
t for conputing a rotation speed at each tinme of
or 12 upon 25 reception of the rotation-anount signal

WD 97/ 40657 43
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At that time, as shown in Fig. 13, there is a
time lag after the head section 7 is located at the image
data-acquiring start position until the image data
acquisition actually started. The time lag includes an
amount t by which the component 2 might be moved before

the image acquiring operation because of asynchronization

. of the operations of the head section 7 and the polygon

10

mirror 12, and a delay caused as a preparing period which
is a fixed time due to the setup of the circuits.

After the time lag, the image of one frame is

. acquired in synchronization with the polygon mirror 12.

Therefore, a distance by which the component 2

is moved after the component 2 is located at the image

~data-acquiring start position of the 3D sensor 8 until

15

20

the polygon mirror 12 of the 3D sensor B8 is located at a
scanning start position is found by counting the encoder
ocutputs (AB phase) of the motor for moving the component
2 by a counting circuit 300 to output the result to the
processing circuit 34. Then, based on the found result,
a positioning of the component 2 is performed, resulting
in preventing the positioning accuracy from being
deteriorated due to variation of the shifts of the
timing. Thus, the positioning can be performed with

higher accuracy.



first conparing circuit for making a conparison of noving anount s

between the notion of the x-axis robot 5 and the rotation of the
pol ygon mrror; 31 denotes a second conparing circuit for making
a conparison of nnving 5 speeds between the notion of the x-axis
robot 5 and t hWO740657 | ot ation of the polygon mirror; 32, ZSTABRHAL®S

st or age circuits for storing conparison results of the conparing
circuits 30, 31, respectively; 34 denotes a processing circuit for
controlling and nonitoring the whole main 10 control section 21; 35
denotes an inmage nenory for acquiring or storing the 3D image
(height inmage); 36 denotes a timng generating circuit for
generati ng various types of timng gggnals to acquire PSD outputs
18a, 18b delivered by the 3D sensor 8; 37 denotes an 15 i nterface
circuit for allowing the main control section 21 to receive the PSD

outputs 18a, 18b; and 38 ddiddghy the comporéntht 2cdpusetked uvpr day t ther

converting and corre tin%. . tge PSD out puts 18a,  18b_into hei ght
si gnal s. single sUcEREnpEPZEHE,HREs t28ale28pSgEREPRL 2diByERReakpyre 20

et oo B T ALY, SERIC2 I be gy o o
- basically raw si gies whiehieUthedhbyat Be€ctidS 1 tts a plurality of nozzles.
5 In such a case where a plurality of components are
respectively sucked up by the plurality of nozzles, when
positioning and component configuration check is
sequentially performed and, for example, image data of

1,000 lines per component are acquired, image data of -
10 4,000 lines are acquired with respect to four nozzles
while image data of each 1,000 lines are dealt with as

image data of one component.

The times for positioning and the three-
dimensional configuration check are considerably greatly
15 taken up in the processing time. However, according to
the present invention, when three-dimensional images of
the plurality of components sucked up by the plurality of
nozzles are sequentially acquired by the 3D sensor and
then the components are mounted on a board by the nozzles
20 in order, the time of pericd relating to the movement of
the component from the component sucking-up position to
the component mounting position is made approximately
constant in both of a case where one component is sucked
up and moved by one nozzle and a case where the plurality

25 of components are sucked up and moved by the plurality of



17b. In order that the height inmage is processed by software-1ike

manner, it is necessary to performvarious 25 types of conputations
such as height conversion and WO 97/40237
PCT/ JP97/ 01385 .
corrective cal ¥PIM%Hs on the PSD outputs 18a, 18b, and . PCTIIRSTIONSES,
done by the height conputation circuit 38. A si gnal cooputed by
t he hei ght conputation circuit 38 is ' acquired into the i mage nenory
35 as height data, and 5 subj ected to various types of software
processi ng by the processing circuit 34. The
acquiring of height data into the i mge nmenory 35 is executed
sequentially on the individual hori Aéntal |ines of the imge nenory
35. In this case,

nozzles, resulting in obtaining great effects,

specifically, in reduction of the processing time.
As shown in Fig. 18, the sequential orxrder of
image processing can be suitably changed in the head
5 section 7 having the plural nozzles, in consideration
with the mounting order of _the components 2. That 1is,
for example, it is supposed that four nozzles (No. 1
through No. 4) suck up the components 2 in this order and
their image data are acquired in the image memory circuit
10 35, and the components axre mounted on a board by the four
nozzles in the oxder of No. 1 through No. 4. At that
time, each time the image data of each component are
acquired, it is decided whether or not the image
processing of the acquired image data should be performed
15 in preference to the image processing of the image data
of other components. Then, the image processing of the
component having the highest priority can be performed in
preference to other image processing. In such a case,
since the image processing is performed in the earliest
20 order of the mounting operation, the mounting operation
- can be performed after the corresponding image processing
is being completed, even though the image processing of
other components is performed.
Further, as apparent from the above

25 description, enhancing the resolution would require not



10 t he rotation-anount signal 20 of the polygon mrror 12 is

used as a synchronization signal (reference signal) for t he

i ndi vi dual pol ygon surfaces. In such a sequence

| mage-acquiring operation, the operation of the x- aX|s rob %ﬁ

(i.e., 15 woAwHesknt of conponents targeted for image:- acq @l d
the operation of the polygon mrror 12 are executed . |ndependently

of each ot her.

In nore detail, based on t he encoder signal 25,

t he nmovi ng amobunt and speed of the x-axis robot 5 are

cal cul ated by

t he noving-anount 20 detecting circuit 26 and

novi ng- speed detecting circuit 27, respectively. Then, based

the rotation-

PCT/ JP97/ 01385

10

15

20

25

t he
on

amount signal 20 ofgd he polygon mirror 12, rotation-
anount and -speed of the polygon mrror 12 are cal cul ated by the
rotation-anount detecting circuit 28 and the 25 rotation-speed
det ecting circubnly9theesgmiancehant ofhethe clock rata\DbQE/ 4BEY the

decrease in the speed of the x-axis robot 5 at the same
time.

In either case, to keep up with the narrowed
pitch of components such as QFPs and connectors, it is
indispensable to enhance the resolution of images, while
components that can be measured with somewhat rough
resolutions would be formed into images with the fastest
poasible scanning. In such cases, this means. for
enhancing the resolution is extremely effective.

As shown above, according to the present

invention, a height image is acquiring by using a three-

dimensional image-acquiring device, and image processing

for the three-dimensional image acquired by this three-.
dimensional image-acquiring device is done. As a result,
it becomes possible to perform the positioning of
electronic components to be mounted and the three-
dimensional component configuration examination typified
by coplanarity check at the same time in one process.

' Therefore, the moﬁnting processing time can be
reduced during the process of mounting components that
require three-dimensional configuration check such as
coplanarity check.

Also, the operating speed of head section-

moving device for moving the head section such as x-axis



31 novi ng anounts and speeds of the x-axis robot 5 and the
polygon mrror 12 are conpared with each other by the conparing
circuits 30, 31, respectively, and the conparison results are

stored in the storage circuits 32, 5 33. In this way, L Onj.Zed
oper ati on beth@H”@ﬂ§7 noverment of the x-axis robot 5 g%ﬁ §E58£$

rotation of the polygon mrror 12 is nonitored.and controll ed.

As an exanple of the nonitoring, in each of the conparing circuits
30, 31, when the difference obtained 10 fromthe conparison result
falls within an all owabl e range, the data stored in the inmge
menory is dealt with as effective data. When the difference does
not fall within the allowabl e range4?the data stored in the image
menory is dealt with as ineffective data. That is, it 15 may be such

an | magb- acqui 11 i FETIT APt 0 M CeraRle o5SR B BFee nEPRBEASY  and

acquiting the i mge fvement of Wi cdipodnehe’ eBnl Bd FRReQ0FRAH $eBpp&gH! {
the 3D i nage
among the mounting operations before and after the moving
operation. Besides, asynchronous two axes (a driving
5 shaft of the head section-moving device and a polygon
mirrox driving shaft) may Dbe basically operated
mechanically. Thus, there can be provided a system in
which the ' horizontal and vertical pixel sizes
(resolution) can be  ensured Dby acquiring three-
10 dimensional images with the three-dimensiocnal image-
acquiring device,

This also makes it possible to ensure the
horizontal and vertical pixel sizes (resolution) with
respect to the acquired image during the component

15 mounting.

Further, for the wounting of narrow-pitch
components such as QFPs and connectors, an image enhanced
in resolution in the acquired image of the component is
acquired. On the other hand, for the mounting of

?0 components that c¢an be measured with somewhat rough
resolution, image-acquiring can be accomplished by fast
scanning with lowered resolution (as compared with the
case of enhanced resolution) while maintaining the
normality of pixels in the acquired image of the mounting

25 component .



in the image nenory 35 is processed for normalization, 20 correction
or other processing with software or an additional circuit
provi ded. Here, one exanple for converting the rotation-

anount of the polygon mrror 12 into the novi ng anount '
descri bed belwWf\97/40657 WO 97/ 40657 9 rcrtWanaQ?

PCT/ JP97/ 01385 32

It is supposed that the polygon mrror 12 has dodecahedron and it
is so designed that the conponent 2 i's noved by 40[ err] mwhen the
polygon mirror 12 is rotated by 30 degrees (=360[err]/12). At that
time, when the rotation- 5 anount of the polygon mrror 12 after the

i mage-acqui ring is started is 1254 rotation, the conponent 2 is
noved by 60,240 ([err]m [= 125.5(rotation) x 12 (surface/rotation)

” Thus, for the mounting of narrow-pitch
components such as QFPs and connectors, the electronic
component mounting apparatus can be flexibly adapted to
higher speed and higher resolution (higher precision) of

5 the mounting.
Although the outputs of the encoder 24 are used
‘for detecting a relative position from the reference
"position on the x-axis robot 5 of the head section 7 in
'the embodiments, it is possible to detect the position of
10 - the head section 7 by directly applying a linear scale to
the x-axis robot 5.
The entire disclosure of Japanese Patent
Application No. B8-100744 filed on April 23, 13996,
including specification, claims, drawings, and summary
15 are incorporated herein by reference in its entirety.
Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications are
20 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

claims unless they depart therefrom.
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[= 125.5 (rotations) x 1

In order to realize this operation in

t he pul se nunber of the rotation-anount signal 20 from
the polygon mirror 12 (the nunber of the signals from each surface

a_reference point of each surface of n
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Fig. 8 is an int

circuit 38.

circuit for perf

10
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20

be converted into the nmoving anount.
glu ﬂgﬂi H "HLVI ew of the hei ght conputatio
1 25 LAIMBot es an A-D converting

orm ng analog-

1. An electronic component mwmounting apparatus
comprising: .

a component feeding section (4) for feeding an
electronic component (2) to be mounted onto a board;

a head section (7) for holding the electronic
component ;

a head section-moving device (5,6) for moving
the head section;

a three-dimensional image-acquiring device (8},
provided at a position below a moving range of the head
section, for performing line scanning the component with
a laser beam to obtain height data of the component from
each line;

an image memory (35) for storing the height
data obtained from the three-dimensional image-acquiring
device as three-dimensional image data; and

a control section (21) for performing image
processing for the three-dimensional image data of the
electronic component.

2. An electronic component mounting apparatus
according to Claim 1, wherein the control section is so

arranged that the three-dimensional image data of the

In

5
6

t he
of

n

electronic component obtained by laser-beam scanning in a .
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to-digital conversion on the PSD outputs 18a, 18b; 42
denotes a clock generating circuit; 43 denotes a clock sel ecting
circuit as a clock rate changi ng—teans—tor— ==, giving a clock of one

rate (frequen®™@9748657he A-D 5| THiS BEEE“EF‘V\BFEEE—]CUH 41 or RHE®?
menory 35 by sel ecting bne f iRdHiadsly a gﬂurallty of cl ocks
generated‘B—“Tﬁ““‘—_————e+eck FererarrRg-crreurt—42; 44 denotes a hei ght

converting orm ng cal cul ati ons on the PSD out put s
18a, 18b m"g” " ! f triangulation; and 10 45 denotes a hei ght
Orls

correcting ti rcuitt
t he position of a beam forned

17a, 17b and the position of the | aser beam i npinging on the
object. In this case, clocks of two or nore kinds of
15 f r equenclioseafuigy meat ileplt e al éékegém ain mpigh dhet edctronic
sel ected by the clock selectin eé glt 43, and the

nmeasur ement

10

15

20

25

component 1s m ove the three-dimensional image-
acquiring device is acquired intco the image memory, while
an operating speed of the moving device for moving the
electronic component is made constant.

3. An electronic . component wmounting apparatus

comprising:

a moving device {5,6) for moving an electronic

.component (2) to be mounted onto a board;

a polygon mirrxor (8) disposed at a position
below the moving device;

a semiconductor laser (10) which emits a laser

‘'beam for the polygon mirror;

a position sensing device (17a,17b) disposed at
a position around the polygon mirror; and |

an image-forming lens (16a,16b) for forming as
an image on the position sensing device the laser beam
that has struck a bottom surface of the electronic
compenent,

wherein the semiconductor 1laser is so placed
that its laser beam will strike the rotating polygon
mirror, being thereby reflected, and strike the bottom
surface of the electronic component that passes above the
polygon mirror, and wherein a three-dimensional image of

the electronic component obtained by computing data

i nt ggan i nage on the surfaces PSDs

This Sheet Has Been Rep
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ecting the non-1linear relation between
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sel ected clocks are given to necessary circuits within the main
control section 21, such as the A-D converting circuit 41 and the
i mage nmenory 35, which require these S|qnals whil e the operating

speed of the x-axis robot is : 64 sed i Jﬁ@;'/o\lsss
proportional tWOH@es? speed of Yt ﬂihs “"Ef“l hl‘hE |t% €COoNnes
possible to change the resol —t-Aout—adding any speci al

CIrCUIt _-_—*‘__‘Vh‘TE‘nHrﬁfalnlng t he horlzontal and vertical pixel sizes

00 o7 406Hllll|!11ﬂﬂlllﬂ MES ° 7 RS oiaes.

conversion is perforned at 4 MHz and the x-
aX| s robot |s operat ed at 100 mm's, the horszontal and verti cal
pi xel. sizes are 50 [err]m equal to each other. In

outputted by the position sensing device is acquired into
an image memory based on a passing operation of the
electronic component above the polygon mirror by the
moving device and laser scanning triggered by a rotating

5 . operation of the polygon mirror, whereby a positioning of
the electronic component and a configuration check
thereof are performed with the three-dimensional image.
4. An electronic component mounting apparatus
according to Claim 3, further comprising:

10 a moving-amount detecting circuit (26) for
calculating a moving amount of the moving device from a
reference position of the moving device;

a rotation-amount detecting circuit (28) for
calculating a rotation amount of the polygon mirror from

15 a reference position of the polygon mirror upon reception
of a rotation-amount signal of the polygon mirror; and

a first comparing circuit (30) for comparing
. the moving amount of the moving device and the rotation
amount of the polygon mirror with each other,

20 wherein when a difference between the moving
amount of the moving device and the rotation amount of
the polygon mirror as a comparison result obtained from
the first comparing circuit £falls within an allowable
range, the data stored in the image memory is processed

25 as effective data, while when the difference does not

This Sheet Has Been Repl
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this case, if the clock of 8 MHz is selected and given to 5 t he

necessary circuits and if the x-axis robot s operated at 50
nm's, then the pixel size (resolution) of the image to be acquired
can be a 25 [err] m pi xel . In this case, the_data chgantlty

per line WO 9748087 i zont al | i ne) dp,@lsﬁ§ ms i s t h&CTABENLES, 10
. . . ! t

wth the vertical direction. Thef ef or@{;@@% to . acquire an
i mage of a doubled resolution to t | d- of -vi ew size woul d
require a four times |arger capacity of the imge nenory 35. This
depends Hllllmﬁllm"“"ut"lm to select the enlargenent of the inmage nmenory 35
or to 1 e field-of-view size of the inmage nenory 35 in
use with the résol'ut fon® enhanced. 52 Next, the relationship
bet ween i ndi vi dual signals and the inmage- acquiring and

| mage- proce55| I:ﬁg operations perfornmed by the main control section
21 of agd. wAtdHa sﬂwmlwqi@@mm bahel dpraigpored Bn the

and 13. dprov.l et% n.,the aX|s robot 5
Shi ch moves. t helTABE) TEBEEYof 57 PERRRPREE (S LIRE &nfata > An AB

phase  si gnal - 4 ndi cat i ng, aem;mmcrmve&gpm?ém ms\u&éﬁrge Qhphhgeysaxi s

robot 5 and a phase si gnal
' according to Claim 3 or 4, further comprising:

5 a moving-speed detecting circuit (27) for
calculating a wmoving speed of the moving device at each
time;

a rotation-speed detecting circuit (29) for
calculating a 7rotation speed of the polygon mirror at.

10 each time upon reception of a rotation-amount signal of
the polygon mirror;

a second comparing circuit ({31) for comparing
the moving speed of the moving device and the rotation
speed of the polygon mirror with each other,

15 wherein when a difference between the moving
speed of the moving device and the rotation speed of the
polygon mirror as a comparison result obtained from the
second comparing circuit falls within an allowable range,
the data stored in the image memory is processed as

20 effective data, while when the difference does not £fall
within the allowable range, the data stored in the image
memory is processed as ineffective data.

6. An electronic component wmounting apparatus

according to any one of Claims 3-5, further comprising:

_—
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35 I ndicating a fixed position (a certain rotary angl e of

the notor) are outputted fromthe encoder attached to the m)tor
On reception of both of the Z phase signal . the pog#
detecting sensBPIMATAI fromthe T QeeT HAS BERMtleCt i ng sensor AT ch
I's constructed by a phot o-sensor R@g,{_ﬂ-@gkh el enent etc. as an

exanpl e) fer—deteeting—the— ee—posFrom, the inmge

dat a- acqui started. 10 Since the
time or mmlmgﬂ ﬁllmphase signal and the sensor signal are
recei ved u data-acquiring operation is started is

very short, as 53

a eclock rate changing means foxr changing a
fundamental clock rate at which the three-dimensional
image is acguired,

wherein when a high resolution is needed for

5 the three-dimensional image, the fundamental clock rate
is made faster by the clock rate changing means while the
moving speed of the moving device is made slower, and
wherein when a high-speed is needed for acquiring the
three-dimensional image, the fundamental clock is made

10 slower by the clock rate changing means while the moving
speed of the moving device is made faster.

7. aAn electronic component mounting apparatus
according to any one of Claims 3-6, further comprising:

a device (300) for calculating a distance by

15 which the component is moved during a time after the
component is located at an image data-acquiring start
position until the component is located at a valid laser
beam start position of line scanning,

wherein taking in consideration of the di_sstance

20 calculated by the calculating means, positioning of the
component is performed by using the three-dimensional

image.
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shown in Fig. 13, a sequential operations of the |aser beam

em ssion and the inmage data-acquiring operation is 15 automatically
performed in synchronization wth the rot ati on-anmount si gnal
i ndi cating the origins of the polygon mrror a
har dwar e, not“aﬁéLagﬁe . processing circuit 34. In ofﬁgég%%ﬁxﬁ
perform such an operation, the timng generating circuit 36 outputs
an 20  inmge data-acquiring timng. By the output of the inmge
data-acquiring timng, the imge data of, for instance, 1,000 lines
are acquired. In such a manner, the tima/ipr acquiring the
rotation-anmount signal 20 is dealt with as the reference position
(surface origin of each surface of 25 the polygon mrror 12), and is
determned as a start WD 97/ 40657
PCT/ JP97/ 01385 36

Fig 7
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reference for acquiring the inage data.
i mge -data of one thousand |ines per conponent are acquired,
t he i mage-acquiring operation is

t he conponent by acquiring 5
“%V& % are inputted in the

The two anal og

of the PSD outputs 18a, |ab, and

anplification circuit 202 as

two anal og signals
converting

the i mage data of 1,000 Iin$§n

For exanpl e, when t he

automatically conpleted for

7/01385
above mannér " from each

then are anpli.fied by an
shown in Fig. 12. Thereafter, these

10 are analog-digital-converted by the A-D

circuit 41 of the heidff

¥ conputation circuit 38 via the

interface circuit 37. Thereafter, the above-described hei ght
conputation is perforned based on each of the two signals which are
digitalized fromthe PSD outputs 18a,

positions. Here, if a value

an al | owabl e

sequentially ngqpag

al l owabl e range, t

data is ignored. That

18b to cal cul ate | ead hei ght

of the digitalized signal falls within
range, the data is dealt wt s. the mal data to
i |f the value does not QE?V g £§2¥ within the
is, 20 in the two PSD

outputs 18a, 18b, if one of the outputs falls within the allag | e
range, only the PSD out put wilt hin the all owabl e range is usgd. | f
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both of the PSD outputs fall within the all owabl e range, an aver age

val ue between the values of the PSD outputs is 25 used. I f both of

t he val ues of the PSD outputs do not WO 97/ 40657

PCT/ JP97/ 01385 37

within the al | WBH®57 ange, the PSD outputs are not . prrgggg%@d&}sn
the sequential processes to deal with as error.generation.

After the | ead height data is conputed in such 5 a manner, the height
correction is performed by the hei ght correcting circuit 45. Thi s
hei ght correction shoul d be perfgégqg because of a fact that even

t hough positions of incident bea on the PSDs 17a, 17b are

| i nearly changed, the correspondi ng positions on the PSDs
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10 17a, 17b are not linearly changed. The height correction IS
performed by prelimnary storing tables or curved equations for
correction and correcting the conputed hei ght data based
thereon, resultin in obtaining accurate hei ght da
The hei ght - corV@8¥5hei ght data is inputted i nt.o thgé'lmrr%%léur%sarmry
circuit 35 while timngs obtained fromthe tinmng generating
circuit 36 are stored as addr esses. Then, based on
data stored in the storage 20 circuit 32 as a conparison result in
the conparing circuit 30 betwegri7t he rotations-anount detecting
circuit 28 and the novi ng-anount detecting circuit 26, it is
deci ded whether or not the imge data falls within an al | owabl e
range. |If does not fall within the allowable 25 range, the imge data
stored in the image nenory circuit WO 97/ 40657
PCT/ JP97/ 01385

‘ Firg4
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38 35 is dealt with as ineffective data. |If the inage data
falls within the all owable range, the data stored in the i mage
menory circuit 35 is read out by the processing circuit 34 to
performthe i mage processing such as the 5 posi tioni ng
conponent-. W 5740657 Her ei nbel ow, in nore details,- on?%&%’logszf a
fl ow of the image-acquiring operation and the acquired .
i mage- processi ng operation with respect to one of the conponents 2
is shown in Fig. 14 as a flowhart. 10 As shown in Fig.
14, firstly, the imge- acqubflhg of the conmponent 2 is :
performed at step #60. _ Next, at step #61, the positioning
of the | eads of the component 2 which i mage has been acquired is
per f or med. As the positioning, although there are 15 vari ous
ki nds of nethods (algorithns, a typical exanple thereof will be
descri bed bel ow. This positioning is preferably perfornmed in the
fol | ow ng manngk: ,F'g.stﬁ as shown in Fig. 15A, the inclination of
the | eads at one

5

r e

¥




si de of the quadrangul ar conponent 2 such as QFP is 20 roughly

detected. Next, as shown in Fig. 15B, positions of the two | eads
arbitrarily sel ected anong t he detected | eads are roughly detected.
Finally, as shown in Fig. 15C, the | ead positions at ' f
t he conponent YP&7/40657 detected with good accuracy based oge’?ﬂ?"gﬁs?
roughl y-detected 25 | ead positions. In such .a manner, when the
| ead WO 97/ 40657
PCT/ JP97/ 01385 39
positions at the one side of the quadranggbﬁz conmponent 2 such as
QFP are detected, the remaining | ead posit1ons may be detected with
good accuracy as shown in Fig. 15C with respect to the |eads at the
remai ni ng si des, based 5 on the detected | ead positions at the one
si de. :
Fig.6
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Next, it is decided at step #62 whet her or not the lead pitch is

acceptable. |If acceptable, the height conputation of each lead is
performed at step #63 in the bel ow descri bed nmanner. In the

hei ght conputation, as 10 shown in Fig. 17, the height i [Welg)
(which is dat aWO9740657 { hengel ves stored in the i mage nenory) o¥ agﬁhh&
plurality of pi xel s (corresponding to each snall square in Fig. 17)
around a |l ead end portion 204 (oblique line portions in Fig. 17) of
each lead is averaged based on the lead 15 position information
obtained at step #61 to obtain the 7-1%ead heights. The

t hr ee-di nensi onal position of each lead is information (x[err],
ylerr], z[err]) found by adding the |ead hei ghts to the positions
of the individual,eads found t hrough the positioning operation,
where i= 1, ...,f;} 20 is a nunber of |eads). Next ,
at step #64, a virt¥al plane (seating pl ane) is cal cul at ed. Her e,
the virtual plane will be descri bed bel ow. Cenerally, when
conponent s eacf, havi ng a plurality of |leads such as QFPs are
nounted on a rd, 5 It is pogsible that a part of |eads,of the
conponent is ﬁaf‘25 23 |——20 L_—18a,18b
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WO 97/ 40657 PCT/ JP97/ 01385
40 separated fromthe el ectrodes of the board, which is
called a lead float state. A lead float detection for det ecting

the | ead fl oat _of conmponent before nmounting on t%r?ﬂ?f
performed at g@egﬂhg%%. Wen this 5 processing s pertor @é‘ss. n

a condition where the conponent is sucked by a nozzle, as shown
in Fig. 16A it is possible that the conponent 2 is sucked up by

t he nozzle 7a with the conmponent 2 inclined. Ther ef or e,

accurate |ead float cannot be found sinplg by calculating 10 t he

hei ght of each |ead due to such an inclination of the conponent .
Then, the virtual plane which is a contact pl ane on which the
conponent is nmounted is found, and a di stance fromthe virtual

di stance to each Ifﬁgsg ound to need to evaluate its |ead fl oat
anount. In Fig. 16A -
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15 a reference nuneral 201 denotes a reference plane and 200

denotes an error (Herr] - Herr]) between heights of two | eads due
to the inclination caused in the conponent 2 sucked by the nozzle
7a. The above virtual plane 202 is a

construct ed by MM V#85cad positions of the conponent 2, . m%”égsﬁl ane
satisfying the following two conditions can be served as
constructing points of the virtual plane 202.

(1) As shown in Fig. 16B, all lead 25 posi tions are above
or on the virtual plane 202. - WD 97/ 40657

PCT/ JP97/ 01385 9/17 41

(2) As shown in Fig. 16C, a point (gravity cent er - proj ect ed

point) 203 at which the gravity

Fig.9A .
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center of the conponent 2 is projected on the virtual plane 202
is present within a triangle 5 defined by three points of the
| ead positions constructing the virtual plane 202.

Next, based on the heights conputed at step #63 and t i _

pl ane found atWePEME¥4 it is decided at step #65 V\:hgt ,gllr‘*}g?*r‘\ot
the lead float amount falls 10 within an all owable range. - The | ead
fl oat armount is found by cal culating a di stance between the | ead
and the virtual plane found fromthe three-dinmensional position

of the lead in all of the |eads. The distgnge, means the | ead fl oat
anount of each lead fromthe virtual plane.” 15 If the value of the

| ead float amount falls within the al | owabl e range, the image
processi ng operation is conpl et ed. If the value does not fal
within the al l owabl e range, the inmage processing operation is
conpleted as lead float error generation at step #67. |If 20 the | ead
pitch does not fall with the all owabl e range at step #62, the imge

processi ng operation is conplete S pitch error generation at step
#66. Next ughe €iﬂ}ple of a correcting process of

lejlij"—lngn

Fig.10B
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correcting a shift of the inmage-acquiring timng will be 25 descri bed
bel ow. : WD 97/ 40657

PCT/ JP97/ 01385 42

Fig. 12 is agram indicating the relatio ' en
t he main contrdvggggg on 21 of Fig. 7 and the indLvidug?Hggvpgééé
in which the detecting circuits 26-29, the conmparing circuits 30,
31, the 5 storage circuits 32, 33, and the processing circuit 34

are shown by a single polygon mrror control part 200. Fig. 13 is a
timng chart showi ng the inmage-acquiring1/17 tim ng.

In Figs. 12 and 13, when the conponent 2 is 10 | ocated at a specified
position in accordance with the novenent of the head section 7, the

3D sensor 8 outputs

frigl. /7 22]




the position detecting sensor signal, and the pol ygon mrror

control part 200 is in a preparing operation for acquiring the

i mage data at a timng of the Z phase 15 generation that is one of the
out puts fromthe encoder of the motor for noving the and
that ensures aWO97M0657 ¢ yed position. Af ter ?ﬂ@ﬂgart 200
has been in the preparing operation, actual inmage data is acquired
for each one 20 line in synchronization with the detecting operation
of the surface origins of the polygon mrror 12. That is,

the rotation-amunt signal 20 indicating@Atlfe surface origins of the
polygon mrror 12 is detected, and then the inmage acquiring is
performed at the sanme as |aser 25 beam em ssion of the sem conduct or
10. . WD 97/ 40657 '

PCT/ JP97/ 01385F g ./ 2
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43 At that time, as shown in Fig. 13, there is a

time lag after the head section 7 is |ocated at the inage

data-acquiring start position until the imge data acqui sition
actually started. The tine lag includes an 5 anount t i he
conponent 2 niYROMSShpved before t he i mage acquiringpﬁgéeg@?g%
because of asynchroni zation of the operations of the head section 7
and t he pol ygon mrror 12, and a del ay caused as a preparing period
whi ch is afixed time due to the setup of the circuits. 10

After the time lag, the imge of one18/dfe is acquired in

synchroni zation with the polygon mrror 12. Therefore, a
di stance by which the conponent 2 is noved after the conponent 2 is
| ocat.ed at the inmge data-acquiring start position of the 3D sensor
8 until 15 t he polygon mrror 12 of the 3D sensor 8 is |located at a
scanning start position is found by counting the encoder out put s
(AB phase) of the notor for noving the conponent 2 by a counting
circuit 300 to output th esult |to thd prdqcessirng circuit 34.

Then, based on the found sult, ] 20 a pgsitioring off the conmponent 2
is performed, resulting
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in preventing the positioning accuracy from being

deteriorated due to variation of the shifts of the timng. Thus,
the positioning can be performed with hi gher accuracy.
WO 97/ 40657 PCT/ JP97/ 01385
44 WO 97M065A| t hough t he conmponent 2 is sucked up by
single suction nozzle of the head section 7 in the above -
enbodi ments, the present invention can be applied to a case where

t he head section 7 has a plurality of nozzles. 5 In such a case
where a plurality of conponents are respectively sucked up by the
plurality of nozzles, when poﬁﬁﬁ1ﬁnng and conponent
configuration check is sequentially perfornmed and, for exanple,

| mage data of . 1,000 lines per conponent are acquired, image data of

Fig.14

PCT/IP97/01385
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10 4,000 lines are acquired with respect to four nozzles whi | e

i mge data of each 1,000 lines are dealt with as i mge data of one
conmponent . The tinmes for positioning and the three-
di mensi onal configuration check are considerably greatly 15 popspdtifisssup
in the processWﬁ’dg However, according to t he present
i nvention, when three-dinensional imges of the plurality of
conponent s sucked up by the plurality of nozzl es are sequentially
acquired by the 3D sensor and then the conponents are nounted on a
board by the nozzles 20 in order, 1%87tine of period relating to the
novenment of t he conponent from the conponent sucking-up position to
t he conponent nounting position is made approxi mately constant in
bot h .of a case where one conponent is sucked up and noved by one
nozzl e and a case et lurality 25 of conponents are sucked up
and noved by the p},\gflaﬁ.tzgnz WO 97/ 40657
PCT/ JP97/ 01385

\
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45 nozzl es, resulting in obt ai ni ng gr eat effects,

specifically, in reduction of the processing tine. As
shown in Fig. 18, the sequential order of i mage processing can be
suitably changed in the head 5 section 7 having the plur |l es,
in consi derati QPM06ST  \ith the nounting order of the conpoﬂ%h%@géésﬁ&hat
IS, for exanple, it is supposed that four nozzles (No. 1

t hrough No. 4) suck up the conponents 2 in this order and their

i mge data are acquired in the imge nenory circuit 10 35, and the
conponents are nounted on a board by thgAeur nozzles in the order
of No. 1 through No. 4. At that time, each tinme the i mage data of
each conponent are acquired, it is decided whether or not the inmage
processi ng of the acquired i mage data should be perfornmed 15 in
preference to the i mage processing of the imge data of ot her

conponents.  Thef, 7 ghe/ e processin
hi ghest priority can be perforned i7'0
processi ng. In such a case,

t he conponent havi ng the
preference to other inmge
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I ndi spensabl e to enhance the resolution of inages, while conponent s
that can be neasured w th sonmewhat rough resol uti ons woul d be
formed into imges with the fastest possi bl e scanni ng. In such
cases, this nmeans for 10 enhancing the resolution is extrenely

ef fective. ) : As shown above, according to the present

I nvention, a height inmage is acquiring by using a three-

di mensi onal inmage-acquiring device, and i mage processing for the

t hree-di nensi onal inage acquired by this three- 15 di nensi ona

| mage-acquiring device is done. As a result, It becones possible
to performthe positioning of el ectroni c conponents to be nounted
and the three- di mensi onal conRESIRIRDION gur ati on exam nati on
typified by coplanarity check at the sanme tinme in one process. 20
Therefore, the nounting processing tinme can be reduced during the
process of nounting conponents that require three-di nensi onal
configuration check suchEdgECTRONIC COWPRINENT tOUREENRG APPARATUS

Al-so, the operating speed of head section- 25 novi ng devi ce for noving
t he head section such as x-axis

TECHNICAL FIELD
The present invention relates to an electronic
5 component mounting apparatus for automatically mounting:M
electronic components onto a board such as a printed
circuit board or a liquid crystal display or plasma

display panel board.

BACKGROQND ART .

10 Ih electronic component mounting apparatuses,
for mounting such electronic components as QFPs or
connectors with narrow lead pitches and narrow 1lead

widths, it has been conventional practice to execute

€7

automatic inspections for lead floats of components

15 before placing the components onto the printed circuit

board.

prior art. In most of the prior a lectronic component

20 mounting apparatus, ronic components with narrow

lead pitche

in- EBEigs 929D Moxe—spaciiieatlyr—in—a—ster—

Fre mounted through a sequence of processes

AMENDED SHEET
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4 7 or y-axis robot as an exanple can be made constant, and

t he novenent of the conponent can be freed from stoppage , anong t he
nmounti ng operations before and after the noving: oper ati on.

Besi des, asynchronous two axes (a driving 5 shaft of the head
section-novi ng device and a pol ygon mrror driving shaft) may
be basically operated mechani cally. Thus, there can be provided
a systemin which the hori zont al and vertical pixel Si zes
(resol ution) can be ensured by acquiring three- 10 di nensi onal
images wth the three-dinensional iﬂage- acquiring device.
This . also makes it possible to ensure the" hori zontal and vertica

pi xel sizes (resolution) with " respect to the acquired i mage during
the conponep§-A-5 200 799 representing the closest prior art from which the invention

proceeds discloses a system for inspecting a condition of parts packaged on a
printed-circuit board which system includes a position detecting device to receive
scattered light due to illumination of the printed-circuit board with a laser beam and
convert the received scattered light into a position signal. This position signal is
used for obtaining luminance data and at least two height data of the parts on the
printed-circuit board. Proper height data of the parts are determined on the basis
of the difference between the two height data. The inspection system determines
the package condition by comparing the final height data with predetermined
~ reference data. '

Accordingly, such optical inspection system checks the presence of poor
conditions of mounted parts on a substrate such as position inaccuracy, lacks,
rising and soldering fault of parts packaged or installed on the printed-circuit board.

Figs. 9A-9D are mounting process diagrams of an electronic component mounting
apparatus according to a further prior art. In most of the prior art electronic
component mounting apparatus, electronic components with narrow lead pitches
are mounted through a sequence of processes as shown in Figs. 9A-9D. More
specifically, in a step

AMENDED SHEET



15 nounting. Further, for the nounting of
narrow pitch conponents such as QFPs and connectors, an imge
enhanced in resolution in the acquired i nage of the conponent is
acqui red. On the other hand, for the nmounting of 20

components that can be neasured wth sonmewhat rough

resol ution, imge-acquiring can be acconplished by fast scanni ng
with | owered resolution (as conpared with the case of enhanced
resol ution) while maintaining the normal ity of pixels in the
.acquired image of the nmounting 25 conponent . WO 97/ 40657
PCT/ JP97/ 01385 48

Thus, for t he nount i ng of narrompﬁitch conponent s such as

QFPs and connectors, the electronic

In accomplishing these and other aspects, according to a first aspect of the present
invention, there is provided an electronic component mounting apparatus
comprising:

a component feeding section for feeding an electric component to be mounted onto
a board;

a head section for holding the electronic component;

a head section-moving device for moving the head section;

a three-dimensional image-acquiring device, provided at a position below a moving
range of the head section, for performing, with a laser beam, line scanning of the
component held by the head section to obtain, from each scanning line, positional
data of a position where the component is present and height data of the
component corresponding to the positional data; '

an image memory for storing the height data obtained from the three-dimensional
image-acquiring device as three-dimensional image data; and

a control section for performing image processing for the thre_eQdimensionaI image
data of the electronic component.

With this arrangement, the three-dimensional image of the mounting component
can be acquired by the three dimensional image-acquiring device, and image
~ processing for this three-dimensional image can be

“AMENDED SHEET
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Al though the outputs of the encoder 24 are used raentanwite for det eedehingsta

rel ative position fromthe reference postihglitand.he x- ER b ol ofa ot
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New claims

1.  An electronic component mounting apparatus comprising:

a component feeding section (4) for feeding an electric component (2) to be

mounted onto a board;

a head section (7) for holding the electronic component (2);

a head section-moving device (5, 6) for moving the head section (7);

a three-dimensional image-acquiring device (8), provided at a position below a

moving range of the head section (7), for performing, with a laser beam, line
. scanning of the component (2) held by the head section (7) to obtain, from each
L . scanning line, positional data of a position where the component is present and

height data of the component {2) corresponding to the positional data;

an image memory (35) for storing the height data obtained from the three-dimen-

sional image-acquiring device {8) as three-dimensional image data; and

a control section {21) for performing image processing for the three-dimensional

image data of the electronic component (2).
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éubsthtute sheet- 20 Cctober1998 CLAIMs: 1. An electronic

component nounting  apparatus conpri sing: a conponent feeding

boar d; a head section (7) for holdlng the eleet:%ﬁﬁifq@ onent

(2) fed fromthe conponent feeding section (4);;: o a heéd'

secti on-novi ng device (5,6) for nmoving the gd\lsg‘ﬂ anF(FY “Hol di
e

el ectroni c conponent (2); athre ge-acquiring
device (8), provided at a position bel ow a #bvi ng r ange of thehead—section
(7), for performing, with a | aser beam |ine scanning j

hel d by the head section (7) to obtain, from each scanﬂmﬂﬂmmmnmm
positional data of a position where the conponent is presentr amd t

data of the conponent (2) corresponding to the positional data,;
an image nmenory (35) for storing the height data obtained fromthe

t hr ee- dlnen3|9nal i mage- acquird ng device (&) as _three:dimensional 1nage
data; and " a control “section (21) Tor pertformng T Tage ProcessiHy
for the three- % .image data of the electronic conponent (2), ahd
nounting the conponen to the board based on the obtained height dafa and

the obtained positional ga%%mybﬂgﬁtp@@;aig@ seeeQOheqmﬂ fgrt?@e-.‘ ‘an

processing for the three-dinensional inage data. 2. An elegtronic
conponend  MOUNE 1 dWk r SRR 8bHSoAEAEr dRNgtbobel abﬁh&edwaatel B Wareont rol
section is so arranged that the three-dinensional inmage daty’ of " the

el.ectroni ¢ conponent obtanhﬁhdwséasebnbean1sﬁannhq;dumgial feellie@tronic
vestical to a direction in which the el ectronic conponent ¥#S noved above

t he three-di nersomm=atentrage- acquiring device is acquiregd into the i mage
nmenory, while an operating speed of the noving device §6r nmoving the

el ectroni ¢ conponent is andeaxbnseghion3moving geviegedstréni cforcampoirmt

nount i ng appar at us
_ the head section;

10 ' a three-dimensional imgge-acquiring device (8),
provided at a Position below a moving range of the head
section, for performing ne scanning the component with
a laser beam to.obtai» height data of the compohent from
each line;

15 an imgge memory (35) for storing the height

(s "data obtained from the three dlmen51onal image- acqu1*1ng
dev1ce as three dlmenSLOnal image data; and

a control section (21) for performing image

pro€essing for the three-dimensional image data of the

20 blegtronic—componen
2. An elecﬁronic_ component mounting apparatus
according to Claim 1, wherein the controi sectioh is so
arranged that the three-dimensional image data of the

electronic component obtained by laser-beam scanning in a
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conprlslng a moving device (5,6) for noving an el ectronic

conponent (2) to be nounted onto a board; a polygon mrror 58)

di sposed at a position bel ow the noving devi ce; a it or
| aser (1Wer beam for the pol ygon

a position sensi ni 1\%‘\‘ 17a 17b) di sposed at

t he polyg an-ji mage

for formﬂﬂ‘“‘\ “‘“ an i mage on the pos«¥i on se\ rng deV| ce the | aser
beam v t hat has struck a bottom surPbce of the el ectronic

conponent wherein the sem conductor |aser is so placed
that its | aser beamw stri ke the rota(%t}T olr}/gion ] mrror,

bei ng t her eby r%PF%‘E‘E%‘Bn VRUCICAKES R o in whick the, glegt¥epic
el ectroni ¢ conmponent t hat asses a t he |l ygon, mrror, and
Wher el n a t hr e QTR b PEbovE the | shree MNP ORET 0 Cimdge -

obt ai ned by coln%mt | nﬁ%ggtge‘l_lce is ac%;#ﬂ%& Pi%tbé’ t%eé_gno%t | 0%%%%‘3"'%18

device is acqu ge nenory

operation of theg, ogea‘e\‘.}:ll(z:lge %%égamo% Cﬂqgoﬂg%.ngbc&/e%f Pgi‘y%%%lngrghe by

t he novi n Taser scanning triggere arota

oper ati of of trl@lé)@ll.:b’&?ﬂcnbéhﬁbne%e&%b%a@eo%&s't%@itng of the

el ectronic conmponent and a configuration check thereof are
performed with 4he threeadi nesbé@Pabni fBg&omthddt® mountin uss’
nmount ed onto the board based on result of the p05|?| oning of

t he el ect I’Oﬂl@omptﬁi’@ﬁﬂgnt and t he configuration check

t hier eof . An el ectronic conmponent nounting apparatus
according to d ai m 3 f uat mervicwrpdesing: (5,6) for moving anaelectronic
novi ng- anount - detecting circuit (26) for cal cul ating a noving

anmount of the monpeReRyi €2) f Fonbg mounted ontef @ éveadsositi on of t he
movi ng devi ce; 12
10 a polygon mirror (g) disposed at a position
below the moving device(§,6);
a semiconductor laser (10) which erﬁits a laser
beam for the polygon mirror(72):
a position sensing device( (17a,17b) disposed at
| 72/
15 a pos:,tlon around the polygon mirror% and
: an 1mage-form_11__‘1g lens (l6a,16b) for forming as
- _(77a4,778) -
an image on the pos:.t:.on senSLng device¥the laser beam
that has struck a bottom surface of the electronic
component {2),
)
20 . wherein the semlconductor laser is so placed
that its laser beam will strike the rotating polygon
12 _ _
mirro(r,)being thereby reflected, and strike the bottom
- surface of the electronic component that passes above the
2) _ '
polygon mirro(r,}and wherein a three-dimensional image of

(2)

25 - the electronic component ‘obtained by computing data
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a rot ation-anmount detecting circuit (28) for calculating a

rotation anount of the polygon nmirror froma reference position
of the polygon mirror upon reception of a rotation-anount signal
of the peJ—ygeﬂ—m—F—pm—and— a first corrpau:agzeqﬁcwt
(30) for movi ng anount o LQQ;ﬁEW"eG and the
rotati onvlmﬂiﬂ“gimwl MI of the polygon mryor HﬁnSéécﬁf okher,
wherein bet ween the novi |Zg’ 4 ama;um::‘e‘f”"”tﬁe

movi ng device and the rotation anount of tigf L/""Tdol ygon mirror as a
conparison result obtained fromthe first coppari rcuit falls
within an all owabl e range, the data stored %ﬁéﬂ%e nmenory is
processed as outputtedfpectheepdainionheeasihgndeiécei filseraane reek si g
fall within the all o{@®ye range, the data stored in the inage
‘Menory i s procégsedngge nBPMEEYi veagada. on a pgssing operation of the
Substitute sheet - 20 Cctober 1998 (2 An el ectroni@z)
conponent  mouGtiSRF T Apar onent aé’@é’@r dth§ t BOLYEPH InbFrar fhirt Hdre

conpri si ng: 3,&) myvi ng- speed . det ECII n ifeuit (27)  for
c'al cul ating a MAVIME HEEHCST 2Pfe 1RSH QJ) by ai iy at:Lng

fotati of Specd ETHET0IVhoRE FFbriar @a%ﬁorr whersm%ﬁb%‘é'ﬁé'e” oS
a rotation- armlént S'c—:gf thz?ézﬁ.ge comgone?ﬁ ?-"Q% mé r O%onflguratlsged c&‘ect]ﬁe

second conparing circui ng s

nmovi ng devi ce apd thee rﬁvﬁté@ﬁo% ed w§9ﬁe?h8f chihe 98&%8991%115‘10 8teh each -

ot-her reln en a difference between t

speed of the maving devige ardddie-driiati eBmpBREHLOf ddigating arag'a&%
mrror as a conparison result obtained fromthe second coirparing -

circuit falls wicddrdialy ald avbdim 3 anflerther comphesiliaga stored in the
i mage nmenory i s processed as effective data, while when the
di fferamce does not falla movingrahoonthe ddtemtahle reimeyit he (da)a Foar ed
I n the image menory is processed as ineffective data.
calculating a mov:.ng amount of the moving device from a
reference position of the mov:.n_g device; |
a rotation-amount detecting circuit (28) for
calculating a rotation amount of the polygon mirror from

15 a reference position of the polygon mirror upon reception

of a rotation-amount signal of the polygon mirror; and

)
et

a first comparing circuit (30) for comparing
. the moving amount of the moving device and the rotation
amount of the polygon mirror with each other,

20 wherein when a difference between the moving
amount of the movirig device and the rotation amount of
the polygon mirrpr as a c:dmparison result obtained from
the first comparing circuit falls within an allowable

range, the data stored in the image memory is processed

25 as effectivg data, while when the difference does not
: _—
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6. An el ectronic .conmponent nounting apparatus according to
any one of Clainms 3-5, further conprising: _ a clock rate
changing neans for changing a . f undanental—cloclcrate-—at—uhi ch
t he three-di nensi onal Lmage is acquired, i THiIS SHEST HAS BEBREfein
when a high-resolution is needed for the t hiiee- di peReional inage,

reans w16 TN Wllsoeco of e &yTne Sovi co 1< made <f ouer o

and Whef ei h wher! a°hi gh-speed is neeggd for acquiring the

t hree-di nensi onal image, the fundanental clock is made sl ower by the
cl ock rate changi ng neans whil e the noving speed.of the noving
device is nade failewithin th&.allowabAe renee!,r e davapsreried mnNthHad
appar at us according to any one of Clains-3-6, further conprising:

a devi ce (300) imageahewmbali ig Prdicetsmeck asy ineffectihviechiat®e conponent is
noved during a tinme after the conponent is |ocated at an inage

dat a-acquiring Start An petectvaniat i lcanpenentponsaunt $ngocamphadtas
-valid | aser beam start position of |ine scanning,

wher ei n taki ng facesfsngdetat CIR1i8F 3t Iox di.stfagsdher comprigimg:ated by the
cal cul ati ng neans, positioning of the 4 ) i .

SubstituBe sheet - 20 OcfobePCudRG-speed desRshidst Girowhkforl@dd bfor

using. the three:dipensional . inage. ) ) :
: calculating a moving speed of the moving device at each

. STt et

time;
a rotation-speed detecting circuit (29) for
calculating a rotation speed of the polygon mirror at

10 each time upon reception of a rotation-amount signal of
the polygon mirror;

a second comparing circuit (31) for compéring
the moving speed of the moving device and the rotation
Speed of the polygon mirror with each other,

15 - wherein when a difference bétween the moving
speed of the moving.device and the rotation speed of the
polygon mirror as a comparison result obtained from the
second comparing circuit falls within an aliowable range,
the data stored in the image memory is processed as

20 effective data, whilé.when the difference does not fall
within the allowable raﬁge, the data stored in the image
memory is processed as ineffective data. |
6. An electronic component mounting apparatus

.according to any one of Claims 3-5, further comprising:
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15
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20

a clock rate changing means for changing a
fundamental clock rate at which the three-dimensional
imagelis acquired,

wherein when a high resolution is needed for

the three-dimensional image, the fundamental clock rate

is made faster by the clock rate changing means while the

moving speed of the moving device is made slower, and
wherein when a high-speed is needed for acquiring the
three-dimensional image, the fundamental clock is made
slower by the ‘clock rate changing means while the moving
speed of the moving device is made faster.

7. An elecﬁronic component mounting apparatus
according to any one of Claims 3-6, further comprising:

a device (300) for calculating a distance by
which the component is moved during a time after the
component is located at an image data-acquiring start
position until the component is located at a valid laser
beam start position of line sdanning,

| wherein takiﬁg in consideration of the distance
calculated by the calculating means, positioning of the.

component is performed by using the three-dimensional

image.
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