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(57) ABSTRACT

An offset measuring mechanism and method used 1in a bond-
ing apparatus, 1n which the object plane of a position detec-
tion camera 1s set on a hypothetical bonding working plane,
and the 1mage of imaging elements within the imaging plane
1s projected onto a bonding working plane. Furthermore, the
tip end of a bonding tool 1s aligned with the bonding work-
ing plane. The object plane of the offset measuring camera 1s
set on the bonding working plane, and the image on the
bonding working plane 1s projected onto the imaging ele-
ments of the imaging plane of the offset measuring camera.
The imaging elements detect the projected image of the
imaging elements of the position detection camera or the
image of the tip end of the bonding tool and output this data
to the 1image position measuring part or tool position measur-
ing section of the control block.

10 Claims, 8 Drawing Sheets
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OFFSET MEASURING MECHANISM AND
OFFSET MEASURING METHOD IN A
BONDING APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an oifset measuring
mechanism and an offset measuring method in a bonding
apparatus and more particularly to an offset measuring
mechanism and offset measuring method for measuring the
offset between the position detection camera and bonding
tool 1n a bonding apparatus.

2. Prior Art

In a wire bonding apparatus in which, for instance, a semi-
conductor device and a circuit board are connected by a fine
wire, the bonding positions on the semiconductor device are
detected by a position detection camera, and bonding work
1s performed by moving the bonding tool to these positions.
In this case, if the bonding tool 1s disposed so that the axial
center of the bonding tool coincides with the optical axis of
the position detection camera, the visual field of position
detection 1s blocked; ordinarily, therefore, the position
detection camera and the bonding tool are disposed with a
specified distance 1n between. This specified distance
between the optical axis of the position detection camera and
the axial center of the bonding tool 1s called an “offset”, and
1s an important quantity which serves as a reference for posi-
tioning 1n the bonding work. However, this offset varies
from 1nstant to mstant as a result of changes over time 1n the
amount of radiant heat from the high-temperature bonding
stage and the amount of heat generated 1n the optical system,
etc., or in the amount of wear 1n the moving parts used for
bonding, etc.

[l

Japanese Patent No. 2982000 (Japanese Patent Applica-
tion Laid-Open (Kokai) No. 2000-21923) discloses a
method that determines the accurate amount of offset by a
reference member, which 1s fixed with respect to the bonding
apparatus, and an oifset correction camera, which observes
this reference member. More specifically, the optical axis of
the position detection camera 1s first moved to a point above
the reference member, and the relative positions of the refer-
ence member and position detection camera are measured.
Next, the bonding tool 1s moved to a point above the refer-
ence member 1 accordance with a specified amount of
offset, and the relative positions of the reference member
and the bonding tool are measured by the offset correction
camera. Then, the accurate amount of offset 1s determined
by correcting the amount of offset on the bases of these
measurement results.

On the other hand, Japanese Patent Application Laid-
Open (Kokai1) No. 2001-203234 discloses a method that
makes 1t possible to measure the relative positions of a refer-
ence member and the bonding tool by means of a position
detection camera, without using an offset correction camera.
More specifically, instead of an offset correction camera, an
optical system 1s constructed by optical elements such as
laser diodes, half-mirrors and prisms, etc., and image light of
the reference member and bonding tool i1s conducted to the
position detection camera, and then the relative positions of
the reference member and boding tool are measured by the
position detection camera.
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In the offset correction methods of the above-described
prior arts, a reference member 1s provided, and the position
of the position detection camera and the position of the
bonding tool are respectively measured using the reference
member as a reference, and the amount of offset 1s deter-
mined based upon these measurement results. Accordingly,
the reference member 1s fixed 1n a reference position outside
the position detection camera or oflset correcting camera;
and thus contamination of the reference member occurs.
Furthermore, 1in order to obtain accurate measurements of
the relative positions of the reference member and bonding
tool, images of both the tip end of the bonding tool and the
reference member must be clearly measured. Accordingly,
the bonding tool must be caused to approach the reference
member as closely as possible; and there 1s a danger that the
bonding tool may collide with re reference member during
this approach operation, thus damaging the reference mem-
ber.

As seen from the above, 1n the prior art offset measuring
methods, since the reference member used as a reference for
position measurement 1s exposed to the outside, contamina-
tion and damage, etc. would occur 1n the reference member,
and thus 1t 1s difficult to perform periodic offset measure-
ments 1n a stable fashion.

Furthermore, since caution 1s required in the handling of
the reference member, which 1s exposed to the outside, the
degree of freedom regarding the disposition of the respective
constituent elements of the bonding apparatus 1s limited.

SUMMARY OF THE INVENTION

Accordingly, the present mvention 1s to solve the above-
described problems encountered 1n the prior art.

The object of the present invention 1s to provide an oifset
measuring mechanism and offset measuring method 1n a
bonding apparatus that make 1s possible to perform offset
measurements 1n a stable fashion over a long period of time.

The above object 1s accomplished by a unique structure of
the present invention for an offset measuring mechanism for
measuring oifset 1n a bonding apparatus that includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an oflset from the
position detection camera, and

a moving means for moving the position detection camera
and the bonding tool as an 1ntegral unit on a plane par-
allel to the bonding working plane; and

in the present invention, the offset measuring mechanism
that measures the above-described offset comprises:

an oifset measuring camera which 1s disposed on an oppo-
site side of the bonding working plane from the posi-
tion detection camera and the bonding tool and which
faces the bonding working plane,

an 1maging position measuring means which uses the
moving means to move the position detection camera
into a measurement range of the offset measuring cam-
cra and which determines a reference position of an
imaging range in an imaging plane of the position
detection camera based upon measurement of the 1mag-
ing plane of the position detection camera by the offset
measuring camera,

a tool position measuring means which uses the moving
means to move the bonding tool into the measurement
range of the offset measuring camera and which mea-
sures a tool position of the bonding tool with the offset
measuring camera, and
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an offset calculating means which calculates the oifset
based upon a measured value of the determined refer-
ence position of the imaging range and a measured
value of the tool position.

In this structure, a reference position of the imaging range
in the 1maging plane of the position detection camera is
determined based upon the measurement of the imaging
plane of the position detection camera by the offset measur-
ing camera, the tool position of the bonding tool 1s measured
by the offset measuring camera, and the offset 1s calculated
based upon these measured values. In other words, since the
offset measuring camera 1s fixed with respect to the bonding
apparatus, the measurement reference axes and measure-
ment reference origin of this camera can be used as refer-
ences.

Accordingly, by way of measuring, for instance, a refer-
ence position of the imaging range of the position detection
camera with respect to the measurement plane, e.g., the ret-
erence point of the imaging plane, of the oil

set measuring,
camera and by measuring the tool position of the bonding
tool, then the offset can be determined based upon these
measurement results. Thus, the offset 1s calculated without
usmg a reference member that 1s exposed to the outside and
1s thus 1n a danger of contamination or damage; and offset
measurements can be performed in a stable fashion over a
long period of time.

In the above structure, 1t 1s preferable that the position
detection camera has a plurality of imaging elements dis-
posed 1n two dimensions 1n the directions of mutually per-
pendicular element disposition axes which are associated
with mutually perpendicular imaging reference axes of the
imaging plane, and the reference position of the imaging
range 1s a reference position of the two-dimensional disposi-
tion of the plurality of imaging elements.

A plurality of imaging elements disposed 1n two dimen-
sions are used to determine the reference position of the
imaging position; and since the plurality of 1maging ele-
ments disposed 1n two dimensions have regularity in terms
of shape and outline, etc., positions can easily be specified.

The above object 1s accomplished by another unique
structure of the present invention for an offset measuring
mechanism for measuring offset 1n a bonding apparatus that
includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an offset from the
position detection camera, and

a moving means for moving the position detection camera
and the bonding tool as an 1ntegral unit on a plane par-
allel to the bonding working plane; and

in the present invention, the offset measuring mechanism
that measure the above-described ollfset comprises:

a measurement reference member provided inside the
position detection camera, the measurement reference
member being disposed 1n a reference member disposi-
tion position that 1s associated with a reference position
of the 1imaging range within the 1 1mag1ng plane of the
position detection camera and that 1s 1n a different plane
from the imaging plane of the position detection
camera, and an image of the measurement reference
member disposed 1n the reference member disposition
position being projected toward the bonding working
plane;

an offset measuring camera which 1s disposed on an oppo-
site side of the bonding working plane from the posi-
tion detection camera and the bonding tool and which
faces the bonding working plane;
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an 1maging range measuring means which uses the mov-
ing means to move the position detection camera 1nto a
measurement range of the offset measuring camera and
which determines the reference position of the imaging
range of the position detection camera based upon mea-
surement of the reference member disposition position
the measurement reference member by the offset mea-
SUring camera;

a tool position measuring means which uses the moving
means to move the bonding tool into the measurement
range of the olfset measuring camera and which mea-
sures a tool position of the bonding tool with the offset
measuring camera; and

an offset calculating means which calculates the oiffset
based upon the determined reference position of the
imaging range and a measured value of the tool posi-
tion.

In the above structure, the measurement reference mem-
ber 1s disposed 1n a reference member disposition position
inside the position detection camera. Furthermore, an image
of the member disposed in the reference member disposition
position 1s projected toward the bonding working plane by
the optical system of the position detection camera, and the
reference member disposition position the measurement ref-
erence member 1s measured from this projected image by the
offset measuring camera, thus determining the reference
position of the imaging range of the position detection cam-
era. Furthermore, the tool position of the bonding tool 1is
measured by the offset measuring camera, and the offset 1s
calculated based upon these measured values.

In other words, the offset measuring camera 1s fixed with
respect to the bonding apparatus. Accordingly, by way of
measuring, for istance, the position (the reference member
disposition position) of the measurement reference member
with respect to the reference point of the imaging plane with
the use of the measurement reference axes or measurement
reference origin as a reference and by measuring the tool
position of the bonding tool, the offset can be determined
based upon these measurement results. Accordingly, the off-
set can be calculated without using a reference member that
1s exposed to the outside and thus 1n a danger of contamina-

tion or damage, and ofif;

set measurements can be performed
in a stable fashion over a long period of time.

It 1s preferable that the object plane of the position detec-
tion camera and the object plane of the offset measuring
camera coincide. Here, the term “object plane” refers to the
object plane 1n an optical system, and 1t indicates the plane
where (1t 1s assumed that) the object being observed will be
disposed (when the optical system 1s designed). By way of
disposing the object of observation on the object plane,
observation with the highest precision can be accomplished.
With the structure described above, the imaging plane of the
position detection camera 1s projected with good precision
on the object plane; and since the projected 1image 1s on the
object plane of the offset measuring camera, this 1mage 1s
projected onto the imaging plane of the offset measuring
camera with good precision. Consequently, the reference
position of the imaging range of the position detection cam-
era can be easily measured without using a special reference
member that 1s exposed to the outside.

Furthermore, 1t 1s preferable that the offset measuring
camera has an object side telecentric optical system, because
with such a camera, stable position measurements can be
performed even if the position of the object plane of the
position detection camera or the position of the bonding tool
fluctuates.

Furthermore, 1t 1s preferable that the ofiset measuring
mechanism further imncludes an offset measuring camera
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magnification calculating means that: uses the moving
means to move the bonding tool 1nto the measurement range
of the offset measuring camera and further to move the
bonding tool within the measurement range, moves the
bonding tool further 1n the measurement range so as to mea-
sure an amount of movement of an 1image of the bonding tool
on the imaging plane of the offset measuring camera corre-
sponding to the amount of movement, and calculates magni-
fication of the offset measuring camera based upon an
amount of movement of the bonding tool and an amount of
movement of the image of the bonding tool.

With structure above, the actual magnification of the off-
set measuring camera can be determined based upon the
measurement of the actual amount of movement of the bond-
ing tool, rather than the nominal magnification of the offset
measuring camera, so that the precision of the calculation of
the offset can be improved.

It 1s also preferable that the offset measuring mechanism
turther 1includes a position detection camera magnification
calculating means that: uses the moving means to move the
bonding tool into a measurement range of the ofiset measur-
ing camera, and calculates a magmfication of the position
detection camera based upon measurement of predetermined
dimensions of the plurality of imaging elements by the offset
measuring camera.

It 1s additionally preferable that the offset measuring
mechanism further includes a position detection camera
magnification calculating means that: uses the moving
means to move the bonding tool into a measurement range of
the offset measuring camera, and calculates a magnification
of the position detection camera based upon measurement of
predetermined dimensions of the measurement reference
member by the offset measuring camera.

With the above structures, the actual magnification of the
position detection camera can be determined based upon the
measurement of the actual dimensions of the imaging ele-
ments or the actual dimensions of the measurement refer-
ence member, mstead of the nominal magnification of the
position detection camera, so that the precision of the calcu-
lation of the offset can be improved.

It 1s preferable that the ofiset measuring mechanism fur-
ther includes an offset measuring camera inclination calcu-
lating means that: uses the moving means to move the bond-
ing tool mto the measurement range of the offset measuring
camera and to further move the bonding tool within the mea-
surement range, measures the movement direction of an
image of the bonding tool on the 1maging plane of the offset
measuring camera corresponding to the movement relative
to mutually perpendicular measurement reference axes on
the imaging plane of the offset measuring camera, and calcu-
lates the relative inclination between movement reference
axes of the moving means and measurement reference axes
of the offset measuring camera based upon the movement
direction of the bonding tool relative to mutually perpen-
dicular movement reference axes of the moving means and
the movement direction of an 1mage of the bonding tool.

In this structure, the relative inclination between the
movement reference axes of the moving means and the mea-
surement reference axes of the offset measuring camera 1s
determined based upon the measurement of the direction of
the movement of the bonding tool that actually occurs 1n the
actual bonding environment. Accordingly, the precision of
the calculation of the offset can be improved.

It 1s additionally preferable that the offset measuring
mechanism further includes a position detection camera
inclination calculating means that: uses the moving means to

move the position detection camera into the measurement
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range of the offset measuring camera, and calculates the
relative inclination of 1maging reference axes of the position
detection camera and measurement reference axes of the
olfset measuring camera based upon measurement of incli-
nation of the element disposition axes relative to mutually
perpendicular measurement reference axes in the imaging
plane of the offset measuring camera.

In this structure, the relative inclination between the imag-
ing reference axes of the position detection camera and the
measurement reference axes of the offset measuring camera
1s determined based upon the measurement of the inclination
for the actually occurring element disposition axes of the
imaging elements 1n the actual bonding environment, so that
the precision of the calculation of the offset can be
improved. In this case, the actually measured inclination for
the element disposition axes of the imaging elements
includes a component in which the element disposition axes
of the imaging elements themselves are inclined with respect
to the measurement reference axes of the offset measuring
camera, and a component 1n which the imaging reference
axes of the position detection camera themselves are twisted
in the optical path between the imaging plane and the object
plane, so that this inclination indicates the so-called compre-
hensive inclination of the imaging reference axes for the
position detection camera.

The above object 1s further accomplished by a sequential
set of unique steps of the present mvention for an oifset
measuring method 1n a bonding apparatus that includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an offset from the
position detection camera,

a moving means for moving the position detection camera
and the bonding tool as an 1ntegral unit on a plane par-
allel to the bonding working plane; and

an oifset measuring camera which 1s disposed on the
opposite side of the bonding working plane from the
position detection camera and the bonding tool and
which faces the bonding working plane; and

in the present invention, the offset measuring method that
measures the above-described oflset includes:

an 1maging position measurement step fort moving, with a
use ol the moving means, the position detection camera
into the measurement range of the offset measuring
camera and measuring the reference position of the
imaging range in an imaging plane of the position
detection camera based upon observation of the 1imag-
ing plane of the position detection camera by the offset
measuring camera,

a tool position measurement step for moving, with a use
of the moving means, the bonding tool 1nto the mea-
surement range ol the offset measuring camera and
measuring the tool position of the bonding tool by the
offset measuring camera, and

an oilset calculation step for calculating the offset based
upon the measured value of the reference position of
the 1maging range and the measured value of the tool
position.

The above object 1s further accomplished by another
sequential set of unique steps of the present invention for an
oifset measuring method 1n a bonding apparatus that
includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an offset from the
position detection camera,
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a moving means for moving the position detection camera
and the bonding tool as an 1ntegral unit on a plane par-
allel to the bonding working plane, and

a measurement reference member provided inside the
position detection camera, the measurement reference
member being disposed 1n a reference member disposi-
tion position that 1s associated with a reference position
of the 1imaging range within the imaging plane of the
position detection camera and that 1s 1n a different plane
from the imaging plane of the position detection
camera, and the image of the measurement reference
member disposed 1n the reference member disposition
position being projected toward the bonding working
plane, and

an olfset measuring camera which 1s disposed on the
opposite side of the bonding working plane from the
position detection camera and the bonding tool and
which faces the bonding working plane; and

in the present invention, the offset measuring method that
measures the above-described offset includes:

an 1maging range measurement step for moving, with a
use of the moving means, the position detection camera
into the measurement range of the offset measuring
camera and measuring the reference position of the
imaging range of the position detection camera based
upon the observation of the reference member disposi-
tion position the measurement reference member by the
olfset measuring camera,

a tool position measurement step for moving, with a use
of the moving means, the bonding tool into the mea-
surement range of the offset measuring camera and
measuring the tool position of the bonding tool by the
offset measuring camera, and

an olfset calculation step for calculating the oifset based
upon the measured value of the reference position of
the 1maging range and the measured value of the tool
position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a bonding apparatus
equipped with an ofiset adjustment mechanism according to
the embodiment of the present invention;

FI1G. 2 1s a partial perspective view of the bonding appara-
tus equipped with the offset adjustment mechanism of the
embodiment of the present invention, showing the manner of
offset measurement 1n schematic terms;

FIG. 3 1s a diagram showing the manner of detecting the
imaging clements of the position detection camera by the
offset measuring camera in the embodiment of the present
imnvention;

FI1G. 4 1s a diagram showing the manner of projecting the
image ol the imaging elements of the position detection
camera onto the imaging elements of the offset measuring
camera in the embodiment of the present invention;

FIG. 5 1s a diagram showing the manner of detecting the
t1p end of the bonding tool by the offset measuring camera in
the embodiment of the present invention;

FIG. 6 1s a diagram showing the manner of projecting the
tip end of the bonding tool onto the imaging elements of the
offset measuring camera in the embodiment of the present
invention;

FIG. 7 1s a flow chart of offset measurement in the
embodiment of the present invention;

FIG. 8 1s a diagram showing the manner of the 1image on
the imaging elements of the of if

il

'set measuring camera 1n oif-
set measurement of the embodiment of the present inven-
tion;
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FIG. 9 1s a diagram showing the manner of detecting the
reference position of the imaging range of the position
detection camera by the offset measuring camera 1s another
embodiment of the present invention;

FIG. 10 1s a diagram showing the manner of projecting the
image of the measurement reference member onto the 1imag-
ing elements of the offset measuring camera i1n another
embodiment of the present invention;

FIG. 11 1s a diagram showing the manner of determining,
the inclination between the movement reference axes and the
measurement reference axes in the embodiment of the
present invention; and

FIG. 12 1s a diagram showing the manner of determining,
the inclination between the measurement reference axes and
the disposition reference axes in the embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described 1n
detail below with reference to the accompanying drawings.

In FIG. 1 1s a block diagram of a bonding apparatus 10
equipped with an offset adjustment mechanism. In the fol-
lowing description, a wire bonding apparatus will be
described as a bonding apparatus; however, the present
invention 1s applicable to a bonding apparatus that does not
use wires. In other words, the present invention can be used
in, for instance, cases where, for example, a semiconductor
device equipped with bumps and a lead frame are bonded by
wireless bonding and where a semiconductor device and
another part, e¢.g., another semiconductor device, etc. are
bonded by die bonding under accurate positioning.

In FIG. 1, the bonding apparatus 10 comprises a bonding,
head 12, a moving mechanism 14 which moves the bonding
head in the horizontal plane, a conveying mechanism 16
which conveys lead frames, etc., an offset measuring camera
18 which 1s used to measure the offset (described later), and
a control block 20 which controls the respective constituent
clements overall.

A position detection camera 24 1s attached to the bonding
head 12 via a camera holder 22, and a bonding tool 28 1s
attached via a bonding arm 26. The position detection cam-
cra 24 detects the positions of bonding locations on the
object of bonding; and the object plane of this camera posi-
tion detection camera 24 1s set at the surface of the object of
bonding. The bonding tool 28 1s a tubular capillary which
holds a slender wire that passes through this capillary. The
bonding tool 28 can be moved in the vertical direction by the
bonding arm 26. Bonding energy 1s supplied to the bonding
tool 28 from an ultrasonic transducer (not shown in the
drawings).

The position detection camera 24 and bonding tool 28 are
disposed with an offset relative to each other. These ele-
ments are movable in the horizontal plane by the moving
mechanism 14 as an integral unit with the bonding head 12
while this offset 1s maintained.

The conveying mechanism 16 mounts parts 30 that are to
be bonded, such as lead frames on which LSI chips are die-
bonded, etc., on a carrier; and 1t conveys these elements 1nto
a bonding working region beneath the bonding tool 28.

The control block 20 has the function of operating control
of the respective constituent elements and can be constructed
using a common computer. Besides the control of wire bond-
ing for the parts 30 that are to be bonded, the control block
20 functions to calculate and correct the offset between the
position detection camera 24 and the bonding tool 28.
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For the purpose of executing ofiset calculation, the control
block 20 1s comprised of: an 1maging position measuring
section 42 which determines the reference position of the
imaging plane of the position detection camera 24, a tool
position measuring section 44 which determines the position
of the bonding tool, an offset calculating section 46 which
calculates and corrects the offset, a first magnification calcu-
lating section 48 which calculates the magnification of the
offset measuring camera 18, a second magnification calcu-
lating section 49 which calculates the magnification of the
position detection camera 24, a {irst inclination calculating,
section 50 which determines the inclination between the
movement reference axes of the moving mechanism 14 and
the measurement reference axes of the offset measuring
camera 18, a second inclination calculating section 52 which
determines the inclination between the imaging reference
axes ol the position detection camera 24 and the measure-
ment reference axes of the offset measuring camera 18, and a
moving mechanism control section 54 which controls the
movement of the moving mechanism 14.

FIG. 2 1s a partial perspective view of the bonding appara-
tus 10, showing the conditions of offset measurement in
schematic terms. In FIG. 2, the conveying mechanism 1s
omitted, and the bonding working plane 60 corresponding to
the surface of the part that 1s to be bonded 1s indicated by
two-dot chain lines. The conveying device may be retracted
during offset measurement; mstead, a system can be used 1n
which the position detection camera 24 1s disposed 1n such a
position that this camera does not interfere with the convey-
ing device, and the conveying device i1s not retracted even
during offset measurement.

The object plane of the position detection camera 24 1s set
so that this object plane coincides with the bonding working
plane 60; and when bonding work 1s performed, the bonding
tool 28 1s set so that the tip end of this bonding tool 1s
lowered to the bonding working plane 60. As shown 1n FIG.
2, the position detection camera 24 and bonding tool 28 have
an offset 62, and they are disposed on the same side of the
bonding working plane 60. The offset measuring camera 18
1s, on the other hand, disposed on the opposite side of the
bonding working plane 60.

The position detection camera 24 1s an 1maging camera,
and 1t faces the bonding working plane. The position detec-
tion camera 24 includes (inside a cylindrical lens barrel) an
imaging plane 72, on which a plurality of imaging elements
70 are disposed 1n two dimensions, and an optical lens 74,
whose 1mage plane 1s the imaging plane 72 and whose object
plane 1s the bonding working plane 60.

Here, the term “object plane” refers to the object plane in
an optical system, and 1t indicates the plane where (it 1s
assumed that) the object being observed will be disposed
(when the optical system 1s designed). In other words, 1f a
point light source 1s disposed on the object plane, the light
emitted from this light source will be focused on the 1maging
plane as a point 1mage with a size that satisfies the design
specifications of the optical system; and thus by way of dis-
posing the object of observation on the object plane, obser-
vation with the best precision 1s possible.

The optical lens 74 can be a single lens; however, 1t can be
constructed from an optical system that combines a plurality
of optical elements such as lenses and filters, etc. The optical
lens 74 functions to form an image 78 of the plurality of
imaging elements 70 (on the imaging plane 72) on the bond-
ing working plane 60 via the light path 76.

The offset measuring camera 18 1s installed separately
from the position detection camera 24 and faces the bonding
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working plane 60. The object plane of the offset measuring
camera 18 1s set on the bonding working plane 60. The offset
measuring camera 18 comprises (inside a cylindrical lens
barrel) an imaging plane 82, on which a plurality of imaging
clements 80 disposed 1n two dimensions are installed, and an
optical lens 84, whose 1mage plane 1s the 1imaging plane 82
and whose object plane 1s the bonding working plane 60.

The optical lens 84 can be a single lens, and it can be
constructed from an optical system that combines a plurality
of optical elements such as lenses and filters, etc. The optical
lens 84 functions to project an 1image that 1s formed on the
bonding working plane 60 onto the imaging plane 82 of the
ollset measuring camera 18 via the light path 86.

In the shown embodiment, the 1mage 78 of the plurality of
imaging elements 70 of the position detection camera 24 that
1s formed on the bonding working plane 60 1s projected onto
the 1maging plane 82 of the offset measuring camera 18 and
detected by the imaging element 80.

FIG. 3 illustrates, 1n terms of the optical path, how the
Imaging elemen’[s of the posmon detection camera 24 are
detected by the oflset measuring camera 18.

First, the bonding head 12 1s moved by the moving
mechanism, so that the position detection camera 24 1is
moved 1nto the visual field, 1.e., the measurement range, of
the ofiset measuring camera 18. In this state, as shown FIG.
3, the optical path of the optical lens 74 of the position
detection camera 24 1s set so that the 1image plane 1s at the
imaging plane 72 and so that the object plane 1s at the bond-
ing working plane 60. Accordingly, the image of the imaging
clements 70 on the imaging plane 72 1s focused on the bond-
ing working plane 60 by the optical lens 74 via the light path
76. On the other hand, the optical path of the optical lens 84
of the offset measuring camera 18 1s set so that the 1image
plane 1s at the 1maging plane 82 and so that the object plane
1s at the bonding working plane. Accordingly, the 1mage on
the bonding working plane 60 1s projected onto the 1maging
clements 80 via the light path 86 of the optical lens 84. Thus,
since the two cameras 24 and 18 are disposed so that the
object planes thereof of are coincide and thus are both at the
bonding working plane 60, the image (70) of the imaging
clements of the position detection camera 24 1s detected by
the imaging elements 80 of the offset measuring camera 18.

FIG. 4 shows how the image (70) of the imaging elements
of the position detection camera 24 1s projected onto the
imaging elements 80 within the 1maging plane 82 of the
offset measuring camera 18.

FIG. 3 illustrates how the tip end of the bonding tool 28 1s
detected by the offset measuring camera 18 1n terms of the
optical path.

First, the bonding head (12) 1s moved by the moving
mechanism, so that the bonding tool 28 1s moved into the
visual field, 1.e., the measurement range, of the oflset mea-
suring camera 18, and the bonding arm 1s lowered so that the
tip end of the bonding tool 28 reaches the bonding working
plane 60. As described above, the optical path of the optical
lens 84 of the offset measuring camera 18 1s set so that the
image plane 1s at the imaging plane 82, and so that the object
plane 1s at the bonding working plane. Accordingly, the
image of the tip end of the bonding tool 28 on the bonding
working plane 60 1s formed on the imaging elements 80 via
the light path 86 of the optical lens 84. Thus, since the tip
end of the bonding tool 28 1s caused to coincide with the
object plane of the offset measuring camera 18, the 1image
(28) of the t1ip end of the bonding tool can be detected by the
imaging clements 80 of the offset measuring camera 18.

FIG. 6 shows how the tip end of the bonding tool 28 1s
projected onto the imaging elements 80 within the 1maging
plane 82 of the offset measuring camera 18.
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In the above, though the object plane of the optical lens 74
and the object plane of the optical lens 84 coincide, 1t 1s
possible to use an object-side telecentric optical system
instead of such an optical lens 74 and optical lens 84.

The term “object-side telecentric lens” or “object-side
telecentric optical system™ refers to an optical system in
which the principal light rays that are focused as an 1mage
pass through a focal point on the back side of the lens. Such
optical systems have a broad tolerance range for positional
deviation in the direction facing the focal plane and are
known for the fact that the size of the image, 1.¢., the distance
from the optical axis, does not vary even if the object posi-
tion fluctuates in cases where the object 1s 1lluminated by
transmitted light that 1s parallel light. By way of using such
an object-side telecentric optical system, images are
detected by the offset measuring camera 18 with almost no
variation in the size of the images (70 and 28) that are to be
detected, even 1f the relative positions of the position detec-
tion camera 24 and offset measuring camera 18 fluctuate
with respect to the bonding working plane 60.

Next, the method to measure the offset between the posi-
tion detection camera 24 and the bonding tool 28 using the
olfset measuring camera 18 1n the above-described structure
will be described with reterence FIG. 7, which 1s a flow
chart, and FIG. 8, which shows the conditions of the image

on the imaging elements 80 of the offset measuring camera
18.

First, the position detection camera 24 1s moved into the
measurement range of the offset measuring camera 18 (S10).
This movement 1s accomplished by controlling the moving
mechanism 14 by means of the moving mechanism control
section 54 of the control block 20. In this state, the 1mage
(70) of the imaging elements within the imaging plane 72 of
the position detection camera 24 1s projected as shown in
FIG. 8 onto the imaging elements 80 of the imaging plane 82
of the offset measuring camera 18. The projected 1mage 1s
detected by the imaging elements 80, and the resulting data

1s mput mnto the 1maging position measuring section 42 of
the control block 20.

Next, the reference position of the imaging range of the
position detection camera 24 1s measured in the imaging
position measuring section 42 (S12). Since the imaging
range ol the position detection camera 24 constitutes the
positions where the imaging elements 70 are disposed 1n two
dimensions, the center position, for example, of the imaging
clements 70 disposed in two dimensions can be taken as the
reference position of the imaging range. The reference posi-
tion can be determined by a correspondence calculation such
as an operation i which some other easily recognizable
position of the imaging elements 70, e.g., the position of the
lower left corner point, etc., 1s measured, and the center
position of the imaging elements 1s calculated based upon
the overall dimensions of the imaging elements disposed in
two dimensions, which are known beforehand, and the mag-
nification of the position detection camera 24.

In FIG. 8, the movement reference axes ol the moving
mechanism 14 are designated as X, and Y ,, the measure-
ment reference axes of the oflset measuring camera 18 are
designated as X, ,and Y, ,, and the imaging reference axes of
the 1maging plane of the position detection camera 24 that 1s
projected are designated as X~ and Y .. It 1s assumed that the
disposition reference axes X,, and Y ,, of the 1imaging ele-
ments 1n the imaging plane of the position detection camera
24 coincide with the 1imaging reference axes X, and Y .
Here, 11 the origin of the measurement reference axes of the
offset measuring camera 18 1s designated as O,, and the
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ongm of the disposition reference axes for the image (70) of
the 1maging elements of the position detection camera 24
that 1s projected 1s designated as O, then the reference posi-
tion of the position detection camera 24 for the measurement
reference axes X,, and Y,, can be measured by (O,.-0O,,).
The measured reference position of the position detection
camera 24 1s input into the ofiset calculating section 46 of

the control block 20.

Next, the bonding tool 28 1s moved 1nto the measurement
range ol the offset measuring camera 18 (514). The moving
mechanism 14 1s controlled by the moving mechanism con-
trol section 54 so that the bonding tool 28 1s moved by a
nominal offset L, along the movement reference axis Y , of
the moving mechanism 14. Here, the term “nominal offset
L., refers to a nominal distance set between the bonding
tool 18 and the position detection camera using the position
detection camera 24 as a reference. In this state, the image
(28) of the tip end of the bonding tool 28 1s projected as
shown 1n FIG. 8 onto the imaging elements 80 of the imag-
ing plane 82 of the offset measuring camera 18. The pro-
jected 1mage 1s detected by the imaging elements 80, and
this data 1s mnput into the tool position measuring section 44

of the control block 20.

Next, 1n the tool position measuring section 44, the tool
position of the bonding tool 28 1s measured (S16). In FIG. 8,
if O 1s taken as the center point of the projected image (28)
of the tip end of the bonding tool, then the tool position 1s
measured for the measurement reference axes X,, Y., by
means of (0,-0,,). The measured tool position 1s input 1nto

the oflset calculating section 46 of the control block 20.

The order of the steps S10 and S12 and the steps S14 and
S16 can be reversed. In either case, the measurement results
for the reference position of the imaging range 1n the posi-
tion detection camera 24 and the measurement results for the
tool position are mput mto the ofiset calculating section 46,
and the actual offset L 1s calculated based upon these results
(S18). The actual offset L. can be calculated by converting,
the reference position (O--0,,) of the position detection
camera 24 for the measurement reference axes X, ,, Y, ,, the
tool position (O5z-0,,) and the nominal offset L , into values
using the movement reference axes X, Y, as a reference.

The simplest case will be described 1n which 1t 1s assumed
that, for instance, the movement reference axes X, Y, the
disposition reference axes X, Y 5 and the movement refer-
ence axes X, ,, Y ,,all coincide, the magnification of the posi-
tion detection camera 24 1s 1x, and the magnification of the
ollset measuring camera 18 1s also 1x. In this case, since all
of the coordinate systems coincide, if (O--0,,), (0O5-0,,)
and L, are taken as vectors, then the offset L expressed by
these vectors 1s given by L ,+(05-0, /). From this, the offset
correction (S20) 1s given by L-L ,=(0;-0, ).

In actuality, in the case of (O,.-0O,,), correction of the
inclination of the imaging reference axes X, Y.~ with
respect to the measurement reference axes X, ., Y, ., the incli-
nation of the disposition reference axes X ,,, Y ,, with respect
to the 1imaging reference axes X, Y ~, the magnlﬁcatlon of
the p081t1011 detection camera 24 and the magmfication of
the oflset measuring camera 18 1s necessary; and in the case
of (0,-0,,), correction of the inclination of the measure-
ment reference axes X, ,, Y ,, with respect to the movement
reference axes X, Y, and the magnification of the offset
measuring camera 18 1s necessary. The calculation of the
inclinations between these respective reference axes, and the
calculation of the magnifications, will be described later.

FIG. 9 illustrates, 1n terms of the optical path, how the
reference position of the imaging range of the position
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detection camera 25 1s detected by the offset measuring cam-
cra 18 1n another embodiment of the present invention.

As seen from FIG. 9, the position detection camera 25
includes a measurement reference member 90 and a hali-
mirror 92. The measurement reference member 90 1s dis-
posed 1n a reference member disposition position which 1s
associated with a reference position of the imaging range
within the imaging plane 72 of the position detection camera
25, ¢.g., the center position of the imaging elements 70 and
which 1s on a plane that differs from the imaging plane 72 of
the position detection camera 25. For example, the reference
member disposition position 1s set so that the light path
length from the 1imaging elements 70 to the halt-mirror 92 1s
equal to the light path length from the measurement refer-
ence member 90 to the half-mirror 92. Furthermore, the
image of the measurement reference member 90 disposed 1n
the reference member disposition position 1s projected
toward the bonding working plane 60 by the half-mirror 92
via the light path 94.

Since the optical path of the optical lens 84 of the offset
measuring camera 18 1s set so that its 1mage plane 1s at the
imaging plane 82 and 1ts object plane is at the bonding work-
ing plane as described above, the image of the measurement
reference member 90 that 1s projected onto the bonding
working plane 60 1s projected onto the imaging elements 80
via the light path 96 of the optical lens 84.

FIG. 10 shows how the image (90) of the measurement
reference member 90 1s projected onto the imaging elements

80 within the 1maging plane 82 of the offset measuring cam-
cra 18.

The projected image (90) of the measurement reference
member 90 1s mput nto the 1maging position measuring,
section 42 of the control block 20 (see FIG. 1) and 1s con-
verted into the reference position of the imaging range of the
position detection camera 24 based upon the correspondence
between the measurement reference member 90 and the cen-
ter position of the imaging elements.

Thus, even in cases where the image within the imaging
plane of the position detection camera 1s, for example, amor-
phous and the reference position of the imaging range of the
position detection camera 1s difficult to measure with accu-
racy in the case of the method 1illustrated 1n FIGS. 3 and 4,
the reference position of the imaging range of the position
detection camera 24 can be accurately measured by detect-
ing an image of the measurement reference member.

The actual magnification of the offset measuring camera
18 1s measured 1n the following manner: First, the bonding
tool 28 1s moved into the measurement range of the oflset
measuring camera 18. This step can be accomplished by the
same procedure as in the case of S14 1n FIG. 7. In this state,
the 1mage (28) of the tip end of the bonding tool 1s projected
as shown in FIG. 8 onto the imaging clements 80 of the
imaging plane 8 of the oflset measuring camera 18. Then,
the bondmg tool 28 1s further moved a specified distance by
the moving mechanism 14. This specified distance 1s desig-
nated as d_. The amount of movement d. of the 1mage (28) of
the bonding tool of the imaging elements 80 of the offset
measuring camera 18 corresponding to the above-described
amount ol movement 1s measured. These values are 1nput
into the first magnification calculating section 48 of the con-
trol block 20. In the first magnification calculating section
48, n,=d,/d, 1s calculated; the obtained value 1s taken as the
magnification of the offset measuring camera 18 and 1s used
tor calculations 1n the offset calculating section 46, etc.

The actual magnification of the position detection camera
24 1s measured 1n the following manner: First, the position
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detection camera 24 1s moved 1nto the measurement range of
the offset measuring camera 18. This step can be accom-
plished by the same procedure as 1n the case of S10 1n FIG.
7. In this state, the image (70) of the imaging elements 70 1n
the 1imaging plane 72 of the position detection camera 24 1s
projected as shown in FIG. 8 onto the imaging elements 80
of the imaging plane 82 of the offset measuring camera 18.
The dimension of the image (70) of the imaging elements,
¢.g., the longitudinal dimension ¢,, 1s measured by the offset
measuring camera 18. The actual longitudinal dimension c,
of the 1imagine elements 70 disposed in two dimensions 1s
predetermined and thus known 1n advance. The magnifica-
tion n, of the offset measuring camera 18 1s calculated as
described above. These values are input into the second
magnification calculating section 49 of the control block 20.
In the second magnification calculating section 49, n,=
(c,™n, )¢, 1s calculated; the obtained value 1s taken as the
magnification of the position detection camera 24 and 1s
used for calculations by the offset calculating section 46, etc.

Furthermore, the actual magnification of the position
detection camera 24 can be measured using the measure-
ment reference member 90 1llustrated 1n FIG. 9. In this case,
the position detection camera 24 1s first moved 1nto the mea-
surement range of the offset measuring camera 18. This step
can be accomplished by the same procedure as in the case of
S10 in FIG. 7. In this state, the image (90) of the measure-
ment reference member 90 contained 1n the position detec-
tion camera 24 1s projected onto the imaging elements 80 of
the imaging plane 82 of the offset measuring camera 18. The
dimension, e.g., the diameter dimension b,, of the measure-
ment reference member 90 1s measured by the offset measur-
ing camera 18. The actual diameter dimension b, of the
measurement reference member 90 1s predetermined and
thus known in advance, and the magnification n, of the ofi-
set measuring camera 18 1s also calculated as described
above. These values are mput 1nto the second magnification
calculating section 49 of the control block 20. In the second
magnification calculating section 49, n,=(b,*n, /b, 1s calcu-
lated; the obtained value 1s taken as the magnification of the
position detection camera 24 and 1s used for calculations by

the oflset calculating section 46, etc.

FIG. 11 shows how the inclination between the movement
reference axes X, Y, and the measurement reference axes
Xis Y, 18 determined.

First, the bonding tool 28 1s moved 1nto the measurement
range ol the offset measuring camera 18. In this state, the
image (28) of the tip end of the bonding tool 28 1s projected
as shown 1 FIG. 11 onto the imaging elements 80 of the
imaging plane 82 of the offset measuring camera 18. This
procedure 1s the same as the process of S14 i1n FIG. 7 or the
same as the first portion of the above-described process that
determines the magnification. Next, the bonding tool 28 1s
moved 1n one direction, e.g., the direction of X, of the
movement reference axes. The direction of movement of the

image (28) of the tip end of the bonding tool 1n this case 1s
shown by broken lines in FIG. 11.

The bearing (direction) of this movement direction with
respect to the measurement reference axes X, ,, Y,, 1s mea-
sured and 1nput 1nto the first inclination calculating section
50 of the control block 20. In the first inclination calculating
section 50, the bearing of the movement direction 1s
calculated, and the inclination between the movement refer-
ence axes X, Y , and measurement reference axes X, ., Y.,
1s supplied as 0, for calculations by the offset calculating
section 46, etc.

FIG. 12 shows how the inclination between the measure-
ment reference axes X,, Y., and the disposition reference
axes X, Y 5, 15 determined.
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In actuality, there 1s an inclination of the imaging refer-
ence axes X, Y . with respect to the measurement reference
axes X, ., Y ,,and an inclination of the disposition reference
axes X,,, Y 5, with respect to the imaging reference axes X,
Y ~; however, since the latter inclination 1s known 1n
advance, determination of the inclination between the mea-
surement reference axes X, ., Y,, and the disposition refer-
ence axes Xp, Y 15 sullicient for the calculation of the
offset.

First, the position detection camera 24 1s moved into the
measurement range of the offset measuring camera 18. This
step can be accomplished by the same procedure as 1n the
case of S10 i FIG. 7. In this state, the image (70) of the
imaging elements within the imaging plane 72 of the posi-
tion detection camera 24 1s projected as shown 1n FIG. 12
onto the imaging elements 80 of the imaging plane 82 of the
olfset measuring camera 18.

Here, the inclination of the disposition reference axes of
the 1maging elements 1s measured with respect to the mea-
surement reference axes X, ,, Y ,,and 1s mput into the second
inclination calculating section 52 of the control block 20. In
the second inclination calculating section 32, the inclination
angle 1s measured; and the inclination between the measure-
ment reference axes X,, Y,, and the disposition reference

axes Xp, Y 1s supplied 0, for calculations by the offset
calculating section 46, etc.

As seen from the above offset measuring mechanism and
offset measuring method of the present invention, the bond-
ing tool and the position detection camera are oifset with
reference to each other and such an offset 1s measured 1n a
stable fashion over a long period of time.

What 1s claimed 1s:

1. An offset measuring mechanism 1n a bonding apparatus
that includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an offset from said
position detection camera, and

a moving means for moving said position detection cam-
era and said bonding tool as an integral unit on a plane
parallel to said bonding working plane,

wherein said oflset measuring mechamsm that measures
said offset comprises:

an offset measuring camera which 1s disposed on an oppo-
site side of said bonding working plane from said posi-
tion detection camera and said bonding tool and which
faces said bonding working plane;

an 1maging position measuring means which uses said
moving means to move said position detection camera
into a measurement range of said offset measuring
camera and determines a reference position of an 1imag-
Ing range 1n an 1maging plane of said position detection
camera based upon measurement of said imaging plane
of said position detection camera by said offset measur-
Ing camera;

a tool position measuring means which uses said moving
means to move said bonding tool mnto said measure-
ment range of said offset measuring camera and mea-
sures a tool position of said bonding tool with said ofl-
set measuring camera; and

an offset calculating means which calculates said oifset
based upon a measured value of said determined refer-
ence position of said imaging range and a measured
value of said tool position; and

said position detection camera has a plurality of 1maging
clements disposed in two dimensions in directions of
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mutually perpendicular element disposition axes which
as associated with mutually perpendicular imaging ret-
erence axes of said imaging plane; and

said reference position of said 1maging range 1s a refer-
ence position of said two-dimensional disposition of
said plurality of imaging elements.

2. The offset measuring mechanism according to claim 1,
wherein an object plane of said position detection camera
and an object plane of said offset measuring camera coin-
cide.

3. The offset measuring mechanism according to claims 1,
wherein said offset measuring camera has an object side
telecentric optical system.

4. The offset measuring mechanism according to claims 1,
further comprising an offset measuring camera magnifica-
tion calculating means, wherein said offset measuring cam-
era magnification calculating means:

uses said moving means to move said bonding tool into
said measurement range of said offset measuring cam-
cra and to further move said bonding tool within said
measurement range so as to measure an amount of
movement of an 1image of said bonding tool on said
imaging plane of said oifset measuring camera corre-
sponding to said amount of movement; and

calculates magnification of said offset measuring camera
based upon an amount of movement of said bonding
tool and an amount of movement of said 1image of said
bonding tool.

5. The offset measuring mechanism according to claim 1,
further comprising a position detection camera magnifica-
tion calculating means, wherein said position detection cam-
cra magnification calculating means:

uses said moving means to move said bonding tool 1into a
measurement range of said offset measuring camera;
and

calculates a magnification of said position detection cam-
era based upon measurement of predetermined dimen-
stons of said plurality of imaging elements by said ofl-
sef measuring camera.

6. The offset measuring mechanism according to claims 1,
further comprising an offset measuring camera inclination
calculating means, wherein said offset measuring camera
inclination calculating means:

uses said moving means to move said bonding tool into a
measurement range of said offset measuring camera
and to further move said bonding tool within said mea-
surement range;

measures a movement direction of an 1mage of said bond-
ing tool on said imaging plane of said offset measuring,
camera corresponding to said movement relative to
mutually perpendicular measurement reference axes on
said 1maging plane of said offset measuring camera;
and

calculates a relative inclination between movement refer-
ence axes ol said moving means and measurement ref-
erence axes ol said offset measuring camera based upon
a movement direction of said bonding tool relative to
mutually perpendicular movement reference axes of
said moving means and a movement direction of an
image of said bonding tool.

7. The offset measuring mechanism according to claim 1,
further comprising a position detection camera inclination
calculating means, wherein said position detection camera
inclination calculating means:

uses said moving means to move said position detection
camera into a measurement range of said offset measur-
ing camera, and
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calculates a relative inclination of 1maging reference axes
of said position detection camera and measurement ref-
erence axes ol said offset measuring camera based upon
measurement of inclination of said element disposition
axes relative to mutually perpendicular measurement
reference axes 1n said imaging plane of said offset mea-
suring camera.

8. An oflset measuring mechanism in a bonding apparatus

that includes:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane,

a bonding tool that 1s disposed with an offset from said
position detection camera, and

a moving means for moving said position detection
camera, and said bonding tool as an integral unit on a
plane parallel to said bonding working plane,

wherein said offset measuring mechanism that measures

said offset comprises:

an offset measuring camera which 1s disposed on an oppo-
site side of said bonding working plane from said posi-
tion detection camera and said bonding tool and which
faces said bonding working plane;

an 1maging position measuring means which uses said
moving means to move said position detection camera
into a measurement range of said offset measuring
camera and determines a reference position of an 1imag-
Ing range 1 an imaging plane of said position detection
camera based upon measurement of said imaging plane
of said position detection camera by said offset measur-
Ing camera;

a tool position measuring means which uses said moving,
means to move said bonding tool into said measure-
ment range of said offset measuring camera and mea-
sures a tool position of said bonding tool with said ofl-
set measuring camera; and

an offset calculating means which calculates said offset
based upon a measured value of said determined refer-
ence position of said imaging range and a measured
value of said tool position; and

further comprising an oifset measuring camera inclination
calculated means, wherein said offset measuring cam-
era inclination calculated means:

uses said moving means to move said bonding tool 1nto a
measurement range of said offset measuring camera
and to further move said bonding tool within said mea-
surement range;

measures a movement direction of an image of said bond-
ing tool on said imaging plane of said offset measuring
camera corresponding to said movement relative to
mutually perpendicular measurement reference axes on
said 1maging plane of said offset measuring camera;
and

calculates a relative inclination between movement refer-
ence axes of said moving means and measurement ref-
crence axes ol said offset measuring camera based upon
a movement direction of said bonding tool relative to

mutually perpendicular movement reference axes of

said moving means and a movement direction of an
image of said bonding tool.
9. An offset measuring method in a bonding apparatus

COMpPrising:

utilizing the offset measuring mechanism of claim 1 to
perform the steps of;
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an imaging position measurement step using said mov-
ing means for moving said position detection camera
into a measuvement range of said offset measuring
camera and for measuring a reference position of an
imaging vange in an imaging plane of said position
detection camera while measuring said imaging
plane of said position detection camera with said
offset measuring camera,

a tool position step using said moving means for mov-
ing said bonding tool into said measurement vange of
said offset measuring camera and measuring a tool
position of said bonding tool with said offset measur-
ing camera, and

an offset calculation step for calculating said offset
based upon a measured value of said reference posi-
tion of said imaging vange by said position detection
camera and a measurved value of said tool position by
said offset measuring camera.

10. An offset measuring mechanism in a bonding appara-

tus comprising:

a position detection camera that detects the position of a
part to be bonded on a bonding working plane, said
position detection camera having a plurality of imaging
elements disposed in two dimensions in divections of
mutually perpendicular element disposition axes which
are associated with mutually pevpendicular imaging
reference axes of an imaging plane;

a bonding tool that is disposed with an offset from said
position detection camera,

a moving means for moving said position detection cam-
era and said bonding tool as an integral unit on a plane
parallel to said bonding working plane, and

an offset measuring camera which is disposed on an oppo-
site side of said bonding working plane from said posi-
tion detection camera and said bonding tool and whickh
Jaces said bonding working plane; and

wherein said offset measuring mechanism utilizes an offset
measuring method comprising the steps of:

an imaging position measuvement step using said mov-
ing means for moving said position detection camera
into a measuvement range of said offset measuring
camera for measuring a veference position of an
imaging range in an imaging plane of said position
detection camera while measuring said imaging
plane of said position detection camera with said
offset measuring camera, said reference position of
said imaging plane being a reference position of said
two dimensional disposition of said plurality of
imaging elements;

a tool position measuring step using said moving
means for moving said bonding tool into said mea-
surement vange of said offset measuring camera and
for measuring a tool position of said bonding tool
with said offset measuring camera,; and

an offset calculating step for calculating said offset
based upon a measurved value of said determined ref-
erence position of said imaging range by said posi-
tion detection camera and a measured value of said
tool position by said offset measuring camera.
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