The present invention relates to a wire bonder, and
moreléarticularly, to.a wire bonder and that wire bonding
methoa equippéd with an automatic inséection function for an
eleétrode (pad) on a semiconductor chip (IC chip), lead.and
wire spréad between said pad andnlead in the assembly
process of a semiconductor device. |
2. DESCRIPTION OF THE PRIOR ART

.In the assembly process during manufacfuring_of
semiconductor integratéd circuits (IC) and large-scale
integrated circuits (LSI), a first bondihg point in the form

of an elect"_de (pad) on a semiconductor chip (IC ch1p) and

This bonder first produces an elecfrical discharge by

applying a high voltqge between the end of a protruding wire
and a discharge electrode (electric torch) from a bonding
tool in the form of a cap111ary The end of the wire is

then melted by~ the energy of that discharge resulting in the
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formation of ball on the end of the wire that has been
inserted into the capillary. By then applying ultrasonic
vibrations whilé bringing the ball held on the end of the

capillary in contact with an electrode (pad) on a

semicohductor chip, the wire is connected to the bonding

point.

in order to confirm whéther a wire that has been
automatically bonded by a bonder has been reliably connected
to the pad or lead, or confirm whether the connected wire
has formed a loop on the wire connecting the pad and lead in
the prior art, the bonded lead frame is continuously or at
fixed iﬁtervals removed from the assémbly process followed
by the performing of an inspeétion for non—-defective or
defective products by an inspector using a microscope and so
forth in a separate inspection process. In this inspection
process, an inspection is performed as to whether tﬁe wire
has been reliably bonded, and namelj, a misattachment
inspection is élso performed to determine if the wire has

been broken, there are defective connections and so forth by

.performing a visual inspection and so on.

Moreover, an inspection is also performed using a

microscope and so forth as to whether the initial ball



_formed on the end of the wire has been formed to the proper

size as set with, for example, a keyboard. Adjustments of

. each section are then performed based on these inspection

results.

However, in.order to perform the above—-mentioned
inspections using'a_bonderlof the prior art, since the
bonded lead frame is removed from the assembly line énd
inspected in a separate inspection-p;ocess, even in the case
a problem such as a coﬁnection defect occurred in this

inspection process, said data cannot immediately be fed back

_to the bonder. Consequently, this bonder has the

disadvantage of producing a large number of defective
products. In addition, even if this inspection data was

fed back, since there is variation as to what data should.be
fed back depending on the inspector, this bonder also has
thé disadvantage of fhere being the risk of reliable data
not being consistently fed ‘back. Mobreover, aithough
adjustment of the bonder is reduired following the discovery
of a defect, a considerable amount of time is required to
determine'what section should be adjusted even for a skilled
technician. Since a considerable amount of time is requifed

to perform this task, this impairs the stability and



reliability of the bonder. Moreover, the additional
disadvantage results in which the bonder, which is used for
the purpose of high-speed operation, must be stopped for a
long period of time in order to make adjustmenis ddring that
time. |

In addifion, in the bonder of the prior art, since
separate insﬁection processes are required like those.
.described above, the bonder of the prior art also has the
disadvantage bf the inspection equipment being expensive and
requiring-a large amount of spade. _In addition, it also. has
the disadvantage-of requiring additional inspectors for

performing the inspections in this inspection processl

.SUMMARY QF THE INVENTION
Therefore,  the present.invention was éompleted in

consideratiop of'the above—mentibned'problems of the prior
art, and its object is_to provide a wire 5onder and wire
bonding mephod that is abie.to directly and effectively
utilize positional information of coordinates and so forth
that has been pre-stored in memory in a wire bonder. In
addition, a second object of the present invention is to
provide a wiré bonder-and wire bonding method that is able

to automatically perform bonding inspections on the bonder
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without using a separate inspection apparatus, and
effectively utilize data by immedfately feeding back said
data f;om said inspections to the bonder even in the case of
the occurrence of problems such as connection defects and so
forth. In addition, a third object of the present %nvention
is to provide a wire bonder and wire bonding method wheréin
the adjustment locations of the bonder can be easiiy
determined by anyone to improve the stability and reliability.
of-thé bonder while also conserving on space and being
inexpensively priced.

The present invention.is able to compare and evaluate
at least one set of image data of either a first bonding
point or second bonding point in the form.of bonded sitgs,
or a wire spread between.said first and second boﬁding
points, with the positional data into which said image data
has been incorporated in advance, and automatically perform
inspection and make corrections. |

The present ipvention is equipped with a recognition
deviqe that includes a camera and memory, a control device
that performs various controls based on the evaluation from
said recognition device, and a drive dévice.that drives each

mechanism based on commands from said control device,



wherein, said drive device is driven based on commands from
said control device, said drive device moves to a first or
second bonding point in the form of bonded sites to
incorporate image -data, and said control device emits a
command to move to the next image data incorporation point
to sequentially repeat incofporation of image data.

The present invention eéuipped with a recognition
device that includes a camera and memory, a control device
that performs various controls. based on the evaluation from
said recognition device, and a drive device that drives each
mechanism based on commands from said control device,
wherein, a drive dévice is driven based on commandé from
said control device, said drive device is moved to a firsﬁ
or second bonding point in the form of bonded sites, image
data is incorporated after a driving stop command is emitted
by said drive device, said control device emits a command to-
move to a next image data incorporation point, said drive
device begins to move-to said point, and said recognition
device compares and inspects image data that has previously
been ‘incorporated with newly incorporated image data.

The present invention is equipped with é recognition

device that includes a camera and memory, a control device



that performs various controls based on.the evaluation from
said recognition deQice, and a drive device that drives eéch
mechanism based on commands from said control device,
wherein, when at léast one set of image data of either a
first or second bonding ﬁoint in fhe form of bonded sites or
a wire spread bétween'said first and second bonding pqints
is compared and evaluafed with positional data in which said
imagé data.haé been incorporated in advance, a discrepancy
is detected and bonding is performed while shifting in thé
direction of.said discrepancy, the camera togl distance or
individual bénding reference coordinatés are corrected and
updated so that the bonded site agrees Qith the pfoper
bonded.site.

The presgnt invention is equipped with a recognition
device,a control deviée that performs various controls based
on the evaluation from said recognition device, and a drive
device that drives each mechanism based on cémmands_from
said control device, wherein, a. first or second.bonding
point in the from of bonded sités is photogrAphed by a
photographic device based on commands from said control
device, and inspection is performed as to whether a ball

that has been bohded is present within a specified range at
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a location specified.}n advanée and/or centeping-on said
location. |

The present invention is equipped with a recognition
device, a contpoi device that-perfprms various controls

based on the.evaluation from side recognition device, and a

drive device that drives each mechanism based on commands

from said control device, wherein, a first or second bonding

point.in the form of bonded sites is photographed by a

photographic device based on commands from said control

device,

inspection is performed as to whether a ball that has been
bonded is present within a specified range at a location
specified in advance and/or centéring on said location, and
notification is performed by notification device and/or said
apparatus "is stopped in the ‘case said ball is evaluated as
not being at a predetermined ldcation.

The present invention equipped with a recognition
devige, a control device that performs various controls
based on the evaluation from said recognition device, énd a
drive device that drives each mechanism based on comﬁands
from said control device, wherein, a first or second bonding

point in the form of bonded sites is photographed by a
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photographic device based on cbmmands.from a control device,
inspection is performed as to whether a ball.that has been
bonded is present within a specified range at a locétion
specified in advance and/or centering on said iocatibn, and
inspection of ball compressed diameter is performed when a

ball is evaluated as being present.

The present invention is équipped with a recognition

‘device, a control device that performs various controls

based on the evaluation from said recognition device, and a
drive device that drives each mechanism based on commands
from said control device, wherein, a first or second bonding
point in the form of bonded sites is;phbtograbhed by a
photographic device based on commands from a control device;
inspection is performed as to wﬂether a ball that has been
bonded is present Within a specified range at a location
specified'in-advance and/or centering on said location, and
ball location is detected from a speéified location b& said
controlldevicé when a ball is evaluated as being present.

The present invention is equipped with a recognition

~device, a control device that performs various controls

based on the evaluation from said recognition device, and a

drive device that drives each mechanism based on commands
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from said control device, wherein, a first or-second bonding
point in the form of bonded sites is photographed by a
photographic device based of commands from said control
device, and inspection is performed as to whether a bonded
indentation is present within.a'specified range al a
location specified in advance and/of centering on said

location.

The present invention is equipped with a recognition

device, a control device that performs various controls

based on the evaluation from said recognition device, and a
drive device that drives each mechanism based on.commands
from said control device, wherein, a first or second bonding
point in the form of bonded sites is photogréphed by a
photographic device based on commands from said control
device, insﬁection is performed as to whether a bonded
indentation is present within a specified range at a
location specified in advance and/or centering on said
location, aﬂd notification is performed'by a notification
devige and/or said apparatus is stopped in the case a bonded
indentation is evaluated as not being present at a
predetermined location.

The present invention is equipped with a recognition
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‘device, a éontrol device -that performs various controls
based on the evaluation from said recognition device, and a
drivegdevice that drives each mechanism based on éommands
from said control deyice, wherein, a first or second bonding
point in the form of bonded sites is photographed by a
photographic device based on commands from a control device,
inspection is performed as to whether a bonded indentation
is present within a specified range_dt a location specified
in advance and/o? centering on said lqcation, and inspection
of indentatioh.and/or stitch size is performed.

The present invention is equipped with a recognitioﬁ
device, a control device that pérforms various controls
based'on the evaluation from said recognition device, and a
drive device that drives each mechanism based on commands
from said control device, wherein, a first dr second bonding
' boint in the fo;m of bbnded sites is photographed by a
photographic device based of commaﬁds from a control device{
inspection is performed as to whether a bonded indentation
is present within a specified range at a location specified
in advance and/or centering oh said location, and stitch
location is detected from a.specified'location by said

control device when an indentation is evaluated as being
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present.

The present invention ié equipped with a recognition:'
device, a control de?ice that performs various controls
based on the eQaluation-froﬁ said recognition device, and a
drive device that drives each mechanism based on commands
from said control dévice, wherein, a first or second bonding.
point in the form of bonded.sites is photographed by a
photographic device based on commands from said control
device, inspection is performed as to whether a bonded
indentation is present within a specified range at a
location specified in advance ahd/or centering on side
1ocation;'the amount of deviatioﬁ to the location of an
indentation from a specified location is detected by said
control device when an indentation is evaluated as being
present, said data is accumulated and statistical processing
is performed when said amount of deviation is within a
predetermined deviation range, and camera tool distance or
individual bonding reference coordinates are corrected and
updated so that said ihdentation location agrees with a
location specified in advance.

The present ihvention is equipped with.a recognition

device, a control device that performs various controls
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based on the evaluation from said recognition device, and a
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drive device that drives each mechanism based on commands
from said control device, wherein, a first or second bonding
point in the form of bonded sites is photographed by a

photographic device based on commands from a control device,

-inspection is performed as to whether a bonded wire is

preseht within a specifiéd range at a location speéified in
advaﬁce and/or centering on'said location, and detection of
misattachment is performed.

The present inveﬁtion is equipped witﬁ a recognition
device; a control device that performs various controls
based on the evaluation ffom said recognition device, and a
drive device that drives eagh mechanism bésed on commands
from saidlcontrol device, wherein, a first or second bonding
point in the form of bonded sites is photographed by
photographic device based on commands from said control
device, inspgction is performed as to whether a bonded wire
is present within a specified range at a Ibcation specified
in advance and/or_centering on said loéation, detection of
misattachment is performed, and notification is performed by
a notification device and/or said apparatus is stopped in

the case a bonded wire is evaluated as not being present at
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a predetermined location.
The present invention relates to a wire bonding method

wherein a first or second bonding point in the form of

_bonded sites is photographed by a photographic device based

ph-cpmmandé from a control device, inspection is performed
as to whether & bonded wire is present within a specified.
range at a location specified in advance and/or centering on
said location, and detection 6f misattachment‘is_perforﬁed.

The present invention relates to'a wire bonding method
wherein a firsﬁ or second bonding point in the form of
bonded sites is photographed by a photographic device.based
on commands from said control device, inspection is.
performed as to whether a bonded Wiré is present within a
specified range.at a location specified'in advance and/or
centering on said 1ocatioﬁ, detection of misattachment is
performed, and notification is performed by a notification
device and/or said apparatus is stopped in the caée a bonded
wire is evaluated as not being present at a predefermined
1ocatioﬁ.

The present invention relates to a wire-bonding method
wherein a first or second bonding point in the form of

bonded sites is photographed by a photographic device based
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on commands from a control device, inspeétion is pefformed
as to whether a bondéd wire is present within a specified
rangé at a location_specified in advance and/or centering on
said location, and the amount of wire curvature is
determined by determining the distance frbm a location
specified in advance between a first bonding point and
- second bonding point to a wire when a wire is evaluated as
being present accofding to said inspection.

The present invention relates to a wire bonding method
wherein a first or second bondiﬁg point in the form of
bonded sites is photographed by a photographic device based
on commands from said control device, inspection is
performed as to whether a bonded wire is present within a
specified range at a location specified in advance and/or
centering on said lbcation, tHe amount of wire curvature is
deﬁermined by determining the distance from a location
specifiéd in advance between a first bonding point and second
- bonding point to a wire when a wire is eva}uated as being present
according to said inspection, notification is performed by a
notification device and/or said apparatus is stopped when said
amount of curvature 1is outsidé a bredetermined range, said data

is accumulated and statistical processing is performed when said
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amount of curvature is within a predetermined range, and
individual bonding paraméters are corrected and dpdated so
that said amount of curvature agree with a loqation

" specified in advance.

The present is equipped with a recognition device, a
control device that performs various controls based on the
evaluation from said recognition device, a_drive device that
drives each mechanism based on commands from said control |
deviée; ahd a bonding head equipped with a bénding tool
through which a wire is passed, wherein, a ball formed on
the end of a wire fed from said bonding tool is placed at an
arbitrary location by driving said bonding head, and ball
diameter and/or wire diameter are measured by photographing
said ball and/or wire by said recognition.device after
bonding a portion of a wire to which éaid ball is connected.

The presént invention is equipped with an oﬁerating
device, a recognition device, a control device that performs
various controls based on the evaluation from_said
recognition device, a driQe device that driyes each
mechanism.based.on commands from said control device, a
bonding head equibped with a bonding tool through which a

wire is passed, and an electrical discharge device that
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forms a ball by applying high voltage to the end of a wire,
wherein, a ball formed on the end of a wire fed from said
bonding tool is placed at an arbitrany location by driving
said bonding head, ball diameten is measured by |
photographing said ball by said récognition device after
bonding a portion of wire to which said ball is connected,
feeding back said ball diameter data'tq said control device,
acnumulating said dang and performing statistical
processing, and correcting the output data with respect to
an electrical discharge device by an operating device so
that the set amount agrees with ball diameter.

The present invention is a wire bonder equipped with a
recognition device, a control device that performs various
controls based on the evaluation from said récognition
device, a'drive-device that drives each mechanism based on
commands from said control device, and a bonding head
equipped with a bonding tool through which a wire is passed,
wherein, a ball formed on the end of a wire fed from said
bonding tool is placed at an arbitrary location by driving
said bonding head, ball diametef and wire diameter are
measured by photographing said ball and wire by said

recognition device after bonding a portion of a wire to
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which said ball is connected, determining their respective
centers, and calculating the amount of deviation to evaluate
the quality of formation of said ball.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing showing the constitution
of the wire bondef as claimed in the present invention..

Fig. 2 is a block diagram showing the circuit
constitution of the image recognition apparatus, coﬁtrol
apparatus and so forth shown in Fig. }.

Fig. 3 is an overhead view showing an image of an
electrode (pad) portion taken with a‘camera.

Fig. 4 is an overhead viewlshowing an image of a ball
taken with a camera.

Fig. 5 is an overheéd view showing a summary of the
,tfansport apparatus as claimed in the present invention.

Fig. 6 is a drawing as viewed from above the transport
path of Fig. 5.

Fig. 7 is a longitudinal cross—sectional view as viewed
from direction I -1 6f Fig. 6.

Fig. 8 is a drawing showing a summary of the
constitution of the bonding device, inclgding the bonding

head and drive mechanism, as claimed in the present -
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inveﬁtion.

Fig. 9 is a cross—sectional view taken along line II-1I
qf Fig. 8.

Fig. 10 is a drawing showing the process by which
bonding is performed using the wire bonder as claimed in the
present invention. o

Fig. 11 is a flow chart showing_the'process by which
automatic detection is performed using the wire bonder as
claimed in the present invention.

Fig. 12 is.a flow chart showing the preliminary
incorporatipn and inspection process shown in Fig. 11;

| Fig. 13 is a'drawing showing the state of performing a
ball presence inspection using_the wire bonder as claimed in
the present invention.

Fig. 14 is a drawing shéwing fhe state in which a ball
is pressed onto a pad using the Wire bonder as claimed in
- the present invention.

Figs. 15(A).ahd 15(B) are drawings showing the state in
which bonding is berfdrmed to rectangular pads using the
wire bonder as claimed in the present invention.

Fig. 16 is a dgawing showing the state in which gtitch

bonding is performed using the wire bonder as Qlaimed in the
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present invention.

Fig. 17 is a drawing showihg the state of a_wire loop
that has been bonded using the wire bonder as claimed in the
present inventiqn.

Fig. 18 is a flow chart 'showing the inspection process
at a first bonding poin£ using the wire bonder as claimed in
the present inveptionﬁ

Fig. 19 is a drawing showing the process by which an
initial ball is measured using the wire bdnder és claimed in
the present invention.

Fig. 20 is an enlarged Qiew showing the state in which

the initial-ball shown in Fig. 19 is measured.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following provides an explanatiqn of the preferred
embodiments of the presen£ invention with reference to the
drawings.

As shown in Fig. 1, phis bonder is composed of a
photographic device in the form of camera 1 equipped with
camera head la, lens 1b and so forth, bonding_head 3 which
includes cépillary 2 and so forth that perform bonding, XY
table 4.that allows horiZOntél two—-dimensional movement of

the above-mentioned camera 1 and bonding head 3 in the X and
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Y directions, bonding stage 7 which positions a

- semiconductor component in the form of IC chip 6 that is
photographed by the above-mentioned camera 1, image
recoghition apparatus 8_which'receives the output from the
above-mentioned camera 1, a display device in the form of
monitor 10 which receives the output from the above-
meﬁtioned image recognition apparatus 8, a control devicé in
the form of control apparatus 13 which includes a
~microprocessor that repeives the output from the above-—
mentioned image recognition apparatus 8 and generates a
coﬁfrol signal to manipulator 11 or a drive device in the
form of drive apparatus 12, a drive mechanism 5 equipped on
the above—-mentioned XY table 4 which receives a drive signal
from the above}mentioned drive device in the form of drive,
apparatus 12 and drives the above—mentioned bonding head 3
in the Z direétion, a transport device in the form of
transport.appgratus 14, and so forth. Furthermore, the
.above—mentioned camera 1 may be equipped with an auto—focus
ﬁechanism. In addition, since the above—menpioned image
recognition apparatus 8, control épparatus 13, drive
apparatus 12 and so forth may be equipped functionally, they:

may be composed in the form of a single apparatus instead of
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separate apparatuses.
As shown in Fig. 2, image recognition apparatus 8 is
composed of clock signal generation circuit 8a, horizontal

and vertical'synchrOnizing signal generation circuit 8b,

image processing circuit 8d, which performs image processing .

by digitizing video signals from camera 1 amblified with
amplifier 8¢, control circuit 8f, which qontrols and
evaluates said image processing circuit 8d, and image memory
8e'(8e1—8en), which accumulates image data relating to
" bonded sites, namely-image data relating to electrode {(pad)
6a, that relating to ball B or that relating to a lead and
so forth. This image recognition apparatué 8 and camera 1
are generically referred.to as a recognition device. In.
addition, as éhoﬁn in Fig. 2, keyboard 19 in the form of an
operating device is for issuing commands for setting each of
the various condition settings in control abparatus 13. Fof
example, this keyboard can be used to set the bgll diameter
of the initial-ball, namelf the diameter before bonding, and
'sO férth. Furthermore, Fig. 3 shows a digitized image of
the pad, while Fig. 4 shows a digitized image of the ball.
The following provides an.explanation of . a transport

device in the form of transport apparatus 14 which
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transports lead frames_L/F and so forth.recognized by the
above—mentioned'¥ecognition devicel

As shown in Figs. 5 through 7, in this bonder, a
plurality of substrates in the form of lead frames L/F, on
which each 6f a plurality of IC chips 6 are mounted arrénged
in a row in the lengthwisé direction, are arranged and
contained within a substrate containment device in the form
of magézine M, and this magézine Mis placed on loader 15.
Accompanying movement of said loader 15, thesé lead frames
L/F are sequentially taken out of magazine M by a frame-
feeding device not shown, intermittently fed at infervals of
the-arrangement pitch of IC chips 6, and transported onto
‘heater plate 17 which is heated by heatef block 16 (see Fig.
7). Oﬁ said heater plate 17, each IC chip 6 mounted on said
lead frame L/F and lead 20 formed on said lead frame (see
Fig. 6) are sequentiélly connected by-bbnding using a
conductive wire. Thosé lead frames L/F on which the above-
mentioned bonding has been performed are further advanced by
the above-mentioned frame feeding device and éontained in
empty magaziné M placed on unloader 18. A transport prath
that pérfqrms high—preci§ion tr&néport to prevent snaking of

lead frames L/F transported by this frame feeding device is
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composed of guide members in the form of a pair of guide
rails 30 and 31 arranged corresponding to.both sides of lead
ffames L/F. ' |

However, since lead'frames L/F have various widths
corresponding to the type of IC chip 6 which is to be
mounted, the interval be;weén both guide rails'BO and 31 is
adjustable to allow guiding of these various types of lead
.frames. More specifically, as shown in Fig. 6, a pair of
frame bases 32 are mounted on the frame of the wire bonder
(not shown), and each guide rail 30 and 31 is attached to a
slider 33 able td slide freely along a rail.portion provided
on each frame base 32. |

Guide member driving device 34 is ﬁrovided for moving
each of both guide rails 39 and 31. As a result, both guide
rails 30 and 31 are moved together and aparf with respect to
lead'frame L/F by the operation of said guide member driving
device 341 Furthermore, said guide member driQing device 34
is compdséd of pulée motors 35a and 35b mounted on the
above—-mentioned frame bases 32,.ma1e.screw 36 coupled to the
outﬁut shaft of said pulsé motor, and nut 37 fastened to
bofh guide rails 30 and 31 which screws onto said male screw

36.
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The following provides an explanation of- loader 15 and
_ unloader 181arranged so as to be located on both sides of
the above-mentioned guide rails 30 and 31.. Furthermore,
since loader 15 and unloader 18 mutually have similar
constitutions, a detailed explanation is provided only for
the constitution of loader 15, with that for unloader 18
omitted. |

As shown in Fig. 5, loader 15 haé'an elevator mechanism
21 for lowering or raising magazine M at inte?vals of the
arrangement pitch of lead frames L/F in order to take out a
plurality of lead frames L/F arranged- and cohtained in said
magazihe M one at a time with the éﬁove—meﬁtioned frame
feeding device (not shown), ahd-elevator mechanism base 22
equipped with said elevator méchanism 21. This elevator
_mechanism base 22 moves in the direction shown by arrow S,
namely the direction parallel to direction of movement T of
the above—mentioned both guide rails 30 and 31, and its
position can be adjusted in Said direction S by turning knob
23.

A pair of stocker guides 24a and 24b, fbrmed.to each
have a cfoss—séction in the shape of the létﬁer "L", are

provided on elevator mechanism base 22. One stocker guide
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24a_is anchofed on elevator mechanism base 22, whilé the
position of the other stocker guide 24b can be adjusted .in
éhe direction shown by arrow U, namely the lengthwise
direction qf magazine M.

Two each, for a total of four, restric@ing inembers
25a—25d are attached to the insides of both of the above-
_mentioned stocker gqides 24a and 24b. These restricting
members 25a—25d engage with magazine M to restrict its
movement. Two restricting members 2ba and 25b are eaqh
fastened to Stocker guides 24a and 24b, while the position
bf_the other two restricting members 25c and 25d can be
adjusted in the direction shown by arrow V, qamel& the -
direction of the width of magazine M.

The following provides an explanation of operation in
the apparatus having the above-mentioned constitution in the
case of performing adjustment of the transport path so as to
match the width of lead frames L/F to be handled in said
épparatus.

To begin with, pulse motors 35a and 35b (see Fig. 7)
are rotated and driven based on a command signal emitted
from controi apparatus 13 consisting of a microprocessor and

so forth. The amount of rotation of said pulse motors is
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converted into the amount éf advance or regfession.of nut 37
resulting in both guide rails 30 and 31 moving to the
movement limit position in_the direction in which they move
away from each other.

Next, a.single lead frame L/F for adjustment of the
transport path is handled by an operator, and a reference
hole (not shown) formed in said lead frame L/F is fit onto a
projection (not shown) that serve as a reference provided on
heater plate 17. As a result, island 20a formed in 1ead..
frame L/F in which IC chip 6 is mounted aligns with recess
17a (see Fig. 7) of heater plate 17.

Furthermore, as shown in Fig. 6, lead frame L/F is held
by pressing from above by lead frame clamp 28,_and bonding
origin 29 is set in the center of IC chip 6 and island 20a
through opening 28a of said lead frame clamp 28 by operating
bonding head 3.

Following this procedure, pulse motors 35a and 35b are
rotated in reverse so that both.guide rails 30 and 31 |
approach lead frame L/F. Moreover, the gaps'between the
sides of said both guide rails and lead frame L/F are set to
an optimum value,

Next, magazine M, containing a large number of the
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above¥mentioned'lead frames L/F is placed on loader 15 and
said magazine M is festricted by an operator manually
performing each of the positional adjustments of stocker
guide 24b and restricting members 25¢ and 25d. Furthebmofe,
at this time, the position of said restricted magazine M is
adjusted in the direction of width so that lead frames L/F
protruding from this magazine M smoothly enter between both
guide ?ails 30 and 31. This positional adjustment is
performed by an operator suitably turning knob.23 (see Fig.
5) to adjﬁst the position of elevator mechanism base 22
equipped with each of the above—mentionéd restricting
members. In addition, aside from the abové procedure,_
adjustment is made to provide clearance between each of
restricting members 25a-25d and magazine M so that raising
and lowering operation of magazine M by elevator mechanism
21 is performed smoothly. Adjustment similar to that of the
above-mentioned loader 15 is also performed for unloader 18.
This then completes adjustment of the transport path 

The following provides an eiplanation of bonding_head 3
and the constitution including drive mechanism 5 which
performs drive in the Z direction.. Furthermoré, in fhe

present embodiment, the constitution inc1uding bonding arm
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41 and oscillating arm 42 is explained as bonding head 3,
while the consfitution including oscillating framé 56 is
explained as drive mechanism 5. These are. generically
referred.to as a bonding device.

In this bonder, bonding arm 41, consisting of holding
fréme 4]1a aﬂa horn 41b, is able to oscillate around the
" shaft center of:support.shaft 43 tbgether with oscillating
arm 42 as shown in Fig. 8. This bonding arm 41 is securely
fit onto support shaft 43,'and oscillating arm 42 is fit
onto support shaft 43 so as-to oscillate freely. This
support shaft 43 is equipped on an XY table and so forth not
shown able to move two—dimensionally. Furthermore, an
ultrasonic vibrator (not shown) for applying vibrations to
horn 41b is incorporated within holding frame 4l1a. Solenoid
44a and electromagnétic adsorption piece 44b ére mounted in
opposition to each other on oscillating arm 42 aﬁd holding
frame 41a, respebtiveiy. when_bonding arm 41 is oscillated,
current is supplied to solenoid 44a from a power supply not
shown. As a result of_adsorption force then being.produced
between solenoid 44a qnd-electromagnetic adsorption piece
44b, said bohding arm 41 and oscillating arm 42 are mutually

coupled in a fixed state. However, an adjustable stopper
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46,lheld in place~by screws and so forth is pfovided on
oscillating arm 42 fo prevent adsorption in excess of a
prescribed diétance. In addition, magnet 45a and coil 45b
are respectively mounted on oscillating arm 42 and ﬁolding
frame 41la at a location to the front of the above-mentioned
eiectromagnetic adsorption devicé. Magnet 45a and coil 45b
compose a device that produces adsorption force for
maintaining the end of bonding arm 41, namely the site where
thé bonding tool in.thé form of capillary 2 is held,
downward as shown in Fig. 8.

In addition, clamp arm 48 is.brovided on the end of
oscillgﬁing arm 42. A clamping device in the form of clamp
48a, for gripping wire 49 by an opening and closing
mechanism not shown composed qf a solenoid, ;pring and so
forth, and for cutting said wire 49 using a method to be
described later, is provided on the end of séid clamp arm
48. in addition, an electrical discharge device in the form
of electric torch 50 is arranged below capillary 2 on a
vertical shaft not shown so as to be able to rotate by the
action of an actuator and so forth. Said_electric torch 50
is of a constitution such that it is able to rotate around

capillary 2 accompanying movement of bonding arm 41. This
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electric tofch 50 forms a ball on the end of wire 49 by
applying a prescribed voltage. In addition, an air tension
device 51 is arranged above clamp 48a supported_on a frame
not shown. Said air tension device 51.applies a ﬁrescribed
amdunt of tensidn to wire 49 by blowing air'on said Qire 49
to keep it straight to the end of cépillary 2 of bondinglarm
41 at all times. This wire 49 is further wound onto spool
53 via guide 52. As a result of the above-mentioned air
tension device 51 blowing air through a nozzle as shown in
Fig. 8, a prescribed amount of tension can be applied to
wire 49. In addition, wire 49 can be fed out in the
downward direction of Fig. 8 by suctioning through a nozzle
of air tension device 51. |

As is also shown in Fig. 8, support shaft 55a is
provided on the réar end of oscillating arm 42. Arm-side
cam followér 55 énd oscillating base 56a are allowed to
rotate freely around this suppoft shaft 55a. One end of
bearing.guide 56b is mounted on oscillating base 56a, and
pre—loadiﬁg arm 56d is attached to the other end of bearing
guide 56b via support pin 56c so as to be able to rotate
freely. Support shaft 57a is pro?ided on the free end;of

pre—loading arm'56d, and cam follower 57 is‘attached to said
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.support shaft 57a so as to be able to rotate freely. A
tensile spring in the form of pre—-loading spring 56e is
-épread between the end of the pre—-loading arm 56d and the
end of osc&llaping base‘56a, and arm—side cam. follower 55
and cam follower 57 are pressed onto a cam surface in the
form of the external.sﬁrface of cam 58 formed roughly into
the shape of a heart. Furthermore, the two contact points
with respect to arm—side cam follower 55 and cam 58 of cam
follower 57 are located on both sides of the center of
rotation of said cam 58.

A frame structure is formed by this oscillatihg base
56a, bearing guide 56b and pre-loading arm 56d. This frame
.structure is generically referred to as oscillating frame
56. A constituent member of oscillating frame 56 in the
.form of beafing guide 56b makes contact with the contour of
radial bearing 60 attached on cam shaft 59 onto which cam 58
is fit. Furthermore, caﬁ 58 rotates by torque applied to
cam shaft 59 by motor 61. In addition, the height of a
bonding tool in the form of capiliary-z is detected by a
rotary encoder not shown coupled to support shaft 43.

Normally, in order to perform bonding between pad 6a of

IC chip 6 and lead 20 in the bonder having the above-—
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[ ]
mentioned éonstitution, wire 49 is held with a bdnding tpol
in the form of capillary 2 provided on the end of bonding
arm 41, said wire 49 is brought into contact with the
surface of the target péd or lead, and a portion of the wire
in which a ball is formed on the end using said capillary is
crushed followed by its deposition by thermocompression
bonding. At this time, there afe also cases in which
uitrasonic vibrations are simulﬁaneously applied to the end
of the wire. |

‘The following provides an explanation of the process by
which this wire bonding islperformed using Fig. 10. When
Wire.bonding is to be performed on pad 6a on IC chip é
placéd on bonding stage 7, capillary 2, through which wire
49, having an initial balliformed on its end by an
electrical discharge device not shown, is passed, is
positiohed by movement of an XY table able to move
two—dimensionally based bn the information from a camera 1
shown in Fig._l. Following this positioning, capillary 2 is
lowered as indicated in steps (1) through (3) 6f Fig. 10 to
crush the ball-onto the above—-mentioned pad 6a and perform
thermocompression bon&iﬁg.

In this process, bonding arm 41 shown in Fig. 8 is



lowered and moved at high speed from step (1) to step (2),
and mqved at low speed from step (2) to step (3). Clamp 48a
is oﬁén at this time. Next, when connection to a first
bonding point is completed, bonding arm 41 is raised upward,
ﬁamely the direction of the Z axis indicated in Fig. 8, with
clamp 48a remaining open from step (3) fo step (4). Wire 49
is then pulled out with clamp 48a still open following a
prescribed loop control as showﬁ in step (5). This is then
connected to a second bonding point {n the form of lead 20
as éhown in step (6).

Following this connection,  -clamp 48a closes after wire
49 has been pulled out by a prescribed feed amount f from
the end of capillary 2 as indicated in step (7). While
still in this state, wire 49 is cut as indicated.in step (8)
in the proéeés of bonding arm 41 further rising to a
prescribed height. Ball B is again formed on the end of the
wire using an electrical discharge device in the for& of
electric torch 50 folloﬁed by returning to the state of step
(1) with clamp -48a open. Wire bonding is thus performed by
this series of steps.

However, although ordinary wire bonding can naturally

be performed in a bonder having the constitution as
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descfibed above, a characteristic of the bonder as claimed
in the present invention is the equipping of said bonder
with an automatic inspection function. The following
prbvides an explanation of the automatic inspection function
as claimed in the present iﬁvention. Furthermore, since
this aﬁtoﬁatic.inspectipn function can primarily be divided
into automatic inspection_funciions for a first bonding
. point in the form of an IC chip, a second bonding point .in
the form of a lead, and a wire connected betweén said first
and second bonding points, the following explanation is
provided for each of those individual functions.
Furthermore, in the case of performing wire bonding using a
bonder, self-teaching is performed which sets the various
conditibns and data of the coordinate positions of a first
bonding'point in the form of pad 6a on IC chip 6 and a
second bonding point in the form of a lead 20 and so forth.
Thus, preliminary data fér bonding is stored. in memory,
including various image data stored in memory 8e (8el'to
8en) and various posifional data and so forth stored in
.control apﬁaratus 13.

Therefore, the following provides an explanation of an

automatic inspection function in the case of performing wire



36

bonding using the bonder as claimed in the present .
invention.

‘To begin with, as shown in Fig. 11, lead frame L/F is
transported onto the bonding stage from loader 15 (shown in
Fig. b) (Step S;). When this is completed, lead frame L/F
is positioned by.lead frame clamp 28 shown in Fig. 6. Next,
control appara£us 13 shown in Fig. 1 drives drive apparatus
12 based.on position data stored in memory in advance,
namely the coordinate position data of -transported lead
frame L/F and moves XY table 4. A second bonding point in
the form of lead 20 is then photographed by camera 1
positioned over said lead frame L/F, and the image of
said lead Zb is incorporated. Image'recognition apparatus 8
matches the reference position data of lead 20 stored in
memory in advance with the image data newly incorporated
into memory 8e and performs positional correction of the
entire lead within the lead frame (Step Sg). This involves,
for example, correction of any deviation in the horizontal
.two—dimensional directions of direction X and direction Y.
IC chip 6 is also photographed and that image is stored in
memory 8e. Image recognition apparatus 8 then matches the

reference positional data of IC chip 6 stored in memory in
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advance Qith the positional data of IC chip 6 newly
incorporated into memory 8e, and then correéts any deviation
of IC chip 6 (Step Sg). This involvés, for e*ample.
‘performing positional corrections by determining the
lqcation.between.two points of iC chip 6. Since the
ldcation of péd 6a within IC chip 6 has also been stored in
' memofy in advance, by performing positional correction of
this IC chip 6, the location of pad 6a ‘is alsd corrected
Simultaneouslyh |

Next, in Step S,, the location of lead 20 of the lead
frame L/F corrected in the aone—menti;ned Step 2 by control
appgratﬁs 13 is determined, and the amount of deviation from
the reference lead location stored in memory in advance in
control apparatus 13 is determined. Each location for each
lead 20 to be bonded is then determiﬁed.(Step Sy4) -

following completion of the processes of the above-
mentioned Steps S; through S,, ordinary bonding (Step S%) is
performed. \\

However, the bonder having an automatic inspection
funétion as claimed in the present invention also.pérforms
the following processes. Namely, simultaneous to

determining the coordinate position of a second bonding
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point (second bond pointj during lead location.of Step Sy4,
preliminary incorporation of the image of lead 20 is
performed and stored in either of memories 8e1 through 8en
of image recognition apparatus 8 (Step S5). Although this
image may be stored for each.lead of the above—-mentioned
lead 20, it may be incorporated into memory for at least one
area, namely for each lead of a plurality of leads. In
addition, although this preliminary incorporation of a
second bond point (Step S5)umay be performed during lead
location as in the present embodiment, it may also be
performed in a different step.

Next, when this'second bond point preliminary
incorporation (Step S5) is performed, preliminary image
incorporation of a first bond point, namely pad 6a of IC
chip 6, is performed and stored in either of memories 8e1
through 8en of image recognition apparatus 8 (Step SG)'
.Although this data may be stored for each of the above-
mentioned pads 6a of IC chip 6, it may be incorporated into
memory for at least one area, namely a plurality of pads.
Following completion of these steps Sl through Ss, bonding
is performed {(Step S7). Furthermore, since if is only

required that incdrporation'of data for lead location and



39

preliminary incorporation of first and second bond points bé
performed, data for a first bond point may be incorporated
first. |

Next, after bonding.is compléted, inspeétion is
performed after the image of the first bond point is
incorporated (Step Sg). Next, the'image'of the bond point
is incorporated again and an inspection is also performed
(Step Sg). Following this iﬁspection, a loop inspection is
performed on the wire between the first bdnding point and
second bonding point (Step S;3) to perform a series oﬁ
automatic iﬁspections. Once the above—méntioned series of
inspéctions is cbmpletea, the next lead frame L/F is -
transported and # similar operation is performed.
Fﬁrthermore, since it is only required that inspection of
the first and second bonding points and the loop inspection
be performed, these inspections need not be performéd in the
ordef as shown in Fig. 1I;

Although the automatic inspection function of'the
bonder as claimed in the present invention is composed of
the above-mentioned series of procesées, this automatic
inspection function can be used to perform inspecﬁions in a

bonding process using various methods, such as by
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automatically performing inspections after pfedetermining a
specified number of bonding operations or performing bonding
inspections at fixed intervals of time and so forth.

.Fig. 12 éhows the details of the image incorporation
and inspection sequence shown in Fig. 11. For example; if
the entire pad 6a is not contained within the image in the'
case of photographing a first bonding point in the form of
said pad 6a on IC chip 6 (or a second bonding point in the
form of a lead), the pad is photographed that lies within a
specific image area. |

To bégin with, in Step Sgs: camera 1 moves to a first
image incorporation point followed by waiting for completion
of movement of the XY table (Step Sgp). Next, a specific
image is incorporated (Step SSc) after which said camera 1
begins to move to the next image incorporation point (Step
Seq) - Nékt, trainiﬁg'is performed in Step Sg,, namely the
image incorporated in the above-mentioned étep Sge is stored
'in memory 8e (8e1—8e#). High-speed processing is performed
by moving to the next image point in'Step Sgq- A similar
process is then repeated until the process is completed for
all pads (or leads) by returning to Step Ssb' The above;

mentioned preliminary incorporation is-pebformed for each
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pad sidé and lead side. Furthermore, said preliminary
incorporation,prdceeds in'accordance with a predetermined
number of pads or leads when so speéified.

Next, althdugh the'inspection shown in'Fig. 11 (Steps .
_88;810) refers to the inspectipn process performed after
bonding, a process similar to the above—mentioﬁed Steps
SGa”SGd are repeated for each inspection process.followed by
performing the inspeé£ion in Step Sgf- This inspection is_ .
repeated for the above-mentioned image.érea, namely the
entire wire portion within a single image (an entire wire
portion réfers to the pad, lead and wire cbnnected to them),
an inspéction is then performed within the nexf image area
following éompletion of the above—mentioned inspectioﬁ, and
this process is repeated until inspections have been
completed for all wires. ‘In addition, this wire inspection'
may be perfofmed only on a sbecified numbér of wires'or a
single specified wire instead of on all wires. This
inspection-is performed:for each pad side, lead side and
loop foliowing the process shown in Fig. 11.

Furthermore, in the case the recognition device
including camera-l.and.image récognitibn apparatﬁs 8 is of

high accuracy, preliminary incorporation as claimed in the
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present invention need only be performed by phqtographing'
only the state after bonding followed by recognition and
inspectibn. Thus, the preliminary incorporation shown in
Fig. 11 (Steps 55—86).can be omitted £hus resulting in
greater processing speed. '

~Although the above has provided an explanatiqn of the
series of inspection processes as claimed in thé:present
invention shown in Figs. 11 and 12, éince the automatic
inspection function as claimed in the present invention can
. be brqadly divided into inspections for.a first -bonding
point, second bonding pgint and loop, the following provides
a sequential-explanatidn of the details of thoée
inspections. Furthermore, although the following
explanation is provided assuming a pad to be the first
bonding point and a lead to be the second bonding point as a
general_rule, these can naturally be in the reverse order.

A. Inspeétion at a First Bohding Point .

(1) Ball Presence Inspection

An evaluation is made as to the presence or abseﬁce of
a ball which is bonded gt the 1oc§tion of a first bonding
poinf following photography of a first bonding point in the

form of pad 6a by camera 1. This evaluation is made with
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control circuit 8f shown in Fig! 2. Namely, in Step SG
shown in Fig. 11, the image stored in memory by first bond
point preliminary incorporation is recalled from memory 8e1

'through 8e., and cbmpared with a newly incorporated image of

n
pad 6a of a first bonding point. At this time, control
circuit 8f detecﬁs whether or not there is a ball that has
been bonded within a range specified from control apparatus
13. In the case in which bonding of ball B has shifted and
is not bonded on pad 6a as shown ih Fig. 13, the result of
detection is judged to be-defecpive. Control apparapus-13
then emits an alarm from an alarm apparatus not shown and/or
notifies the operator.uSing a notification device such as b&
displaying.on monitor 10, folloﬁed by aufomatically stopping.
the apparatus.
| (2) Inspection of Ball CompreSsed.Diamefer

In the present inQention, the size of a ball bonded at
a first bonding site is detected. In other wbrds, the size
of ball B (shown in Figr 14) is photographed with camera 1
in a range specified from control apparatus 13 shown in Fig.
1. The ball dimensions in the X and Y directions are
respectively detected, and that data is returned to control

apparatus 13 via control circuit 8f. Control apparatus 13
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then outputs the data from image recognitiqn apparatus 8
after.converting-iﬁto, for example, #m units. Although the
data here is bbtained.in the form of pikel data, it.wiil
hereinafter simply be referrgd to as data. In addition,
this inspection is not pérformed in the casé a ball is
evaluated as being abéent in the above—mentioned ball
presence inspection.. In addition, in the'case of ball size
nqt beiqg within a certain range according to the resultlof
detection, namely the ball size is not within a pre—
determined range as a result of, for example, performing
bonding at a ball size entered from a keyboard, control
apparatus 13 emits an alarm.from an alarm apparaﬁus not
shown and/or notifies the opérator using a notification
device such as by displaying on mqnitor 10. In addition,
even when ball size is within a predetermined.range, iq
order to have this ball size approach the desired ball size,
ball compressioﬁ diameter data is fed back to control
.apparatus 13 followed by accumulation of effective aata and
statistical processing. Bonding,parameters, including
ultrasonic wave and load parameters, are theﬁ corrected and
updated so that ball size becoﬁes the desired ball

compression diameter.
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(3) Detection of Ball Location

The first bonding location, namely the location of a
ball bonded on pad 6a of IC chip 6, is detectedg Camera 1
‘detects the 1oca£ion of the ball within a range specified
from control apparatus. 13, namely the amount of deviation in
the X ahd Y directions from pad center Pc (said data is
stored in memory in advance) as shown in Fig. 14, and that
data is returned to control apparatus 13 via control circuit
8f. Ball_center Bc is then determined from the data
obtained by photography with cameré 1. The amount of
deviﬁtion in terms of XY coordinates of this ball center Bc
from pad center Pc is determined and corrections are made so
thét both agree.

However, in the case the above-mentioned pad 6a is not
roughly a square, but rather a réctangular pad, the number
of balls bonded on that pad is first detected as shown in
Fig. 15. A reference point on the pad is thén calculated
according to that number of balls and the amount of
deviation.from that point is output. For éxample, in the:
case two bonds are made on the rectangular pad shown in Fig.
15(A), since the length in the horizontal direction of the

pad_is L; the reference point with respect to the ball on



46

the left side'is located at L/4 from the left edge, while
the reference point with respect to the ball on the right
side is similarly located at L/4 from the right edge. The
émount of deviation from these reference points is then
caiculated. In addition, in the case of three bonds are
made on the rectapgular pad shown in Fig. 15(B), since the
length L of the pad'is stored in memory in advance, the
amounts of deviation from the reference point with respect.
to the left ball, that with respect to the central ball and
that with respect to the right ball are calculated. Other
proéessing is similar to the case of two bonds described
ébpve.. |

In addition, in the case a first bonding point is a
lead and so forth, since the pad is not detected, the amount
of deviation is determined from the coordinate position
specified from control apparatus 13.
| This inspection is not performed in the case it was
tentatively evaluated that there is no bail in the ball
presence inspection. In the case the amount of ball
deviation is determined to be outside a certain range
accofding to tﬁe result of detection, control apparatus 13

emits an alarm from an alarm apparatus not shown and/or
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notifies the operator using a notification device such as by
displaying on monitor 10, followed by automatically stopping
the apparatus..'Even if within a pbedetermined range, in
order to have ball location approach the desired ball
location, effectivé déta is fed back to control apparatus 13
followed by accuﬁulatioﬁ and statistical processing.

.(4) Fig. 18 is a flow chart showing the inspection
sequence at a first bonding site. To.begin with, when:
instructed to perform inspection of a first-bonding site by
control apparatus 13, camera 1 moves and the bfesence or
absence of a ball is inspected at a specifi;d de£ection area
(Step S20). Next, an evaluafion of whether a ball is
presept in méde by control circuit 8f (Step 821).‘ In the
case a ball is evaluated to be pfeSent, ball external
circumference is detected (Step SZZ)i Ball diameter is then
calculated from this detection of circumference (Step S23).
~Next, ball inner circumference is detected (Step S24) to
calculate ball location. (Step S25). In detection of ball
inner circumference, although the indentation of capillary 2
remains following bonding, in the case, for example, bonding
is performed after the ball has been deformed, there is the

possibility of the center of the ball outer circumference
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shifting from the center of its inner circumference.
Consequently, the ceﬁter of ball inner circumference
(indentation left by capillary 2) is detected when
calculating ball location.

(5) Feedback Processing of Camera Tool Distance (CTD)

Although, for example, distance S between the center of
lens 1b of caﬁerail and the center of capil;ary 2 is stored
in memory in advance in the form of data in the X direction
(data in the Y direction is also set similarly) as shown in
Fig. 1 in the bonder as claimed in the present invention, in
the case this disfance is displaced due to mechanical error
of the bonder, even though bonding is performed, theré are
cases in which there is a constant tendency for bonding to
be performed which is shifted in £he X and/or Y direction
from the proper bonding location. Therefore, in such cases,
the present bon&er is equipped with an automatic correction
function in which these amounts of deviation are
accumulated, sfatistical processing is performed on that
data, and corrections are made automatically by corfecting
and updating'fhe caméra.tool distance (CTD) or individual
bonding reference coordinates so that ball location equals

pad center.
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B. Inspection at a Second Bonding Point

(1) Indentation Presence Inspection

An evaluation is made as to whether there is an
indentation of capillary 2 bonded.on a seéond bonding point
in the form'of lead 20 as shown in Fig. 16. Namely,
detection is made as to whether there is a capillary
indentatibn bonded within a range specified from control
apparatus 13 by movement of camera 1. In the case an
indentation ié not within a certain réngé, for example
within a single screen,.as a result of this detection,
control apparatus 13 emits an alarm from an alarm apparatus
‘not shown and/or_nqtifies the operator using a notification
-dévice such as by .displaying on monitor 10, followed by
automatically stopping the apparatus. This is because this
indicates the possibility of the wirg not being securely
connected to the lead or the capillary not reaching the
location of the lead and so forth.

(2) Stitch Size Inspection

As shown in Fig. 16, the size of a stitch (crescent)
bonded on a second bonding point in the form of lead 20 is
détected. The size of the stitch within a certaip range

specified from control apparatus 13 is detected in the L and
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W directions, respectively, by movement of camera 1. This
data is then returned to control apparétus 13 via control
circuit 8f. In thé case stitch size is not within a certain
range, for example within a singlé scréen, aé a result of
this detection, control apparatus 13 emits an alarm.from an
alarm apparatus not shown and/or notifies the operator using
a notification device such as by displaying on monitor 10,
followed by auﬁomafically-stopbing,the apparatus. In the
case stitch size is within a certain range according to the
result of this détectiqn, effective data is fed back to
control apparatus. 13 followed by accumulation.and
statistical processing. Bonding parameters such as
ultrasonic wave parametgrs, load parameters and so forth are
then corrected and updated to obtain the intended stitch
size.

(3) Inépection of Stitch Location.

The location of a stitch is detected that is bonded at
a second bonding 1ocation; Némely, the size of an
indentation is detected at least two—dimensionally in the
hofizontal directions by ﬁovement of camefa 1 to determine
the center of this indentation. This is taken to be the

stitch location. This stitch location is, for example,
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detected in the form of the amount of deviation (P) in the X
and Y directions two-dimensionally in the horizontal
direc£ions ffom the lead center, and this data is then
returned to control apparatus 13 via control ciycuit 8f._

In the case the lead 'is of a complex shape and it
cannot be specified in the width difection, or it is of an
excessively large size and it cannot be detected in the
width direction, the amount of deviation is calculated ffom
a location specified in advance from control apparatus 13.
_In the .case the result of this detection is not within a
certain range of deviation, for example, not within a single
screeh, control apparatus 13 emits an alarm from an alarm
apparétus not shown and/or notifies the operator using a
notification device such as by displaying on monitor 10,
followed by automatically siopping the apparatus.

"In addition, effective data is accumulated and
statistical processing is performed followed by correction
and updating of the camera tool distance (CTD) or individual
bonding reference coordinates so that ;titch ldcation equals.
the lead center. Furthermore, although stopping of the
apparatus and.so forth is stored in hemofy in the case an

. indentation is evaluated as being absent in the indentation
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presence inspection described in (1) abdve, processing is
performed in the form of programming so that the stitch size
inspection of (2) and stitch location inspection of (3) can
be suitably combined evéﬁ in the case the indentation is
absent.

(4) Wire Presence Inspection

In addition, an evaluation is made as to whether a wire
that has been bonded to a second bonding location is presenf
or absent. - The presence or absence of a wire is detected
that has been bonded within a range specifiéd from control
apparatus 13 by movement of caméfa.l. This detection is
performed beqause there are cases in which the wire is not
connected even though both an indentation and stitch are
present. In the case a wire is not within a certain range,
for example within a'single screen, according to the result
of this detection, control apparatus 13 éﬁits an alarm from
an alarm apparatus not shpwn and/or notifies the oper#for
ﬁsing a notification device such as by displaying on monitor
10, followgd by automaticaily stopping the apparatus. This
inspection is able to detect bonding misattachments,
includiné broken wires‘and ﬁisattachment, without making

contact. Accofding to this method, although ordinary
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methods for inspecting whether ﬁonding has been performed
properly using extremely low current are not preferable
since there are cases in which this type of inspection
induces damage to the semiconductor and sd forth, this
method is able to perform evaluations without making
contact. ) . .

(5) Loop Inspection

In the present invention, the amount of curl:of a
bonded loop can be meaéured_near the midpoint of a wire. A
loop specified from control apparatus 13, for example, a
loop within a certain area from the midpoint of a wire
connecting a first bonding boint and second bonding point,
is detected by_movement of camera 1 followed by output of
distance data from the midpoint of the loop. When the
amount of curvature is not.within a certain range, for
example, within a single screen, according to the result of
this detection, control apparatus 13 emits an alarm from
an alarm apparatus not. shown and/or notifies the operator
using a notification device such as by displaying on monitor
10, followed by automatically stopping the apparatus. Since
theré are cases in which the wire may make contact with an

adjacent wire and so forth, effective data is accumulated
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and statistical processing is performed followed by updating
of individual bonding parameters and so forth so that the
amount of curvature equals zero.

C. Measurement of Initial Ball

The present invention is able to meaéure the diameter
of an initial ball manually formed on an island and so forth
using é recognition device. Namely, the diameter of an
initial ball ap a locgtion specified from control apparatus
13 is detected by movement of camera 1 followed by output of
that data. In addition, in the case ball diameter is within
a predetermined size range, this effective daté is fed back
to control apparatus 13 followed by accumulation and
statistical processing. +The output data for an electrical
discharge device in the form of an electric torch is
corrected so that the set value of an operating device in
the form of keyboard 19 equals-ball size.

In addition, the present invention measures the
diameter of an initial ball at a location specified from
control apparatus 13 and the diameter of a wire on which
this ball is formed by movement of camera 1, followed by
determination of the resbective centers of ball diameter'and

wire diameterﬂ In the casé the ball center is at the
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location of Bcf, namely the locatioh at which the center of
wire diameter W, and the iﬂherent ball center B, are not
aliéned but rather shifted from each other as shown in Fig.
20 based on fhe results of this measuremeﬁt, this means that
the ball is defdrmed with respec£ to the wire. Thus, the
quality by which the ball is formed can be evaluated by
calculating the amount of this deviation between the center
of wire diameter and the'ball center.

The following provides an exblanation of measurement of
this initial-ball using Fig. 19.

To begin with, air is blown frdm air tension device 51
in the direction indicated-with an arrow as shoWn in Fig.
19(1). Since clamp 48a is also open at this_time,_a—ball
formed on the end of a wire is held on the end of a
capiilary. Next, air tension device 51 is switched to
suction air and wire 49 is fed in the downward direction.
indicated with an arrow as shown in fig. 19(2). Then, as
shown in Fig. 19(3), clamp 48a closes (shown in Fig. 19(4))
after wire 49 has been:sufficiently fed downward to the end
éf capillafy 2. In the process throﬁgh Fig. 19(5),
simultaneous to lowering of bonding arm 41 shown in Fig. 8,

XY table 4 is driven and controlled so as to reach the state
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showﬁ in Fig. 19(5). Ultrasonic waves are then applied in
the direction of the arrows in Fig. 19(5) to the end of
capillary 2 while still in this state resulting in
connection of the wire and a lead (or island). ©NexlL, as
shown in Fig. 19(6), clamp 48a closes at the point capillary
2 rises resulting in severing of wire 49. Next, as shofn in
Fig..}9(7), XY table 4 is driven and camera 1 is positioned
above ball B. Fig. 20 shows an enlarged view of this state.
As a result 6f employing such a method, ball B is
photographed usinglthe recégnition device as claimed in the
present invention thereby allowing méasurement.of the
diameter of the initial ball. Furthermdre, it goes without
saying that the timing by which clamp 48a is opened and
closed can be suitably varied. In'additidn, although air
tension device 51 is used in the present embodiment for the
device which feeds out the wire, this can naturally be
suitably changed using another apparatus anﬂ so forth.
Furthermore, although effective data is accumulated and
statistically processed in the present embodiment, - the
agove—mentioned.effective.data may also be fed Back
difectly. In addition, alﬁhough the preseht invention has

an automatic inspection function as described above, this
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may naturally be suitably éhanged and used provided it is
within the écope of the purport of the present invention.

As is clear from the explanation provided abqve, the
present invention offerg the advantage of being able to
effectively utilize positioﬁal informafion such as
coordinates and so forth that have beén stored in advance in
the memory of a w;re bonder. Thus, there is no need to
enter new dat; and so forth. In addition, since the present

invention is able to automatically perform bonding

. inspections on an apparatus without using a separate

iﬁspection apparatus, it offers the additional advantage of
being able to effectively use data by immediately feeding
back said data to the apparatus even in the case problems,
such as connectidn.defects, occur as a fesult of said
inspection. Finally, since adjustment locations of the
apparatus can be easily determined by anyone, the present
invention also offers the advantagelof being able to improve
the stability and reliability of the apparatus, while also-

being able to reduce space and cost.
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1. A wire bonder that is able to compare and evaluate at

CLAIMS

least one set of image data of either a first bonding point
or second bonding point in the form of bonded sites, or a
wire épread between said first énd second bonding poiﬁts,
with the positional data into which said image data has been
incorporated in advance, and automatically perform
inspecfion and ﬁake correétions.

2. The wire bonder as set forth in claim 1 wherein said
positionél data consists of the location of a lead, the.
location of an.IC chip, the location of a pad and their
respective image data.

3. 'Thejwire boﬁder as set forth in claim 1 wherein said
image data is the image data prior to performing bonding.

4. The wire bonder as set forth in claim 1 wherein séid
inspection is either performed periodically at fixed
intervals or non-periodically. |

5. A wire bonder.equipped with a recognition device that
includes a camera and memory, a qohtrol device thgt performs .
various controls based on the evaluation from said

recognition device, and a drive device that drives each

mechanism based on commands from said control device,

A
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wherein, said drive device is driven based on commands from
said control device, said drive device moves to a first or
second bonding point in the form of bonded sites to
incorporate image data, and said control device emits a
comménd to move to the next image data incorporation point
to sequentially repeat incofporatioh of image data.

6. A wire bonder equipbed with é recognition device that
includes a cameré and memory, a control dévice that performs
various controls based on the evaluatioﬁ from said
rgcognition device, and a drive device that drives each
méchanism based on commands from éaid contfol device,
wherein, a drive device is driven bésed_on commands from
said control device, said drive deviée is moved to a first
or second bonding point in the form of bonded sites, image
data.is incorporated after a driving stop command is emitted
by said drive device, said control device emits a command to
move to a next image data incorporation point, said drive'
device begins tq move to said point, and said recognition
device compares and inspects image data that has previously
been incorporated_with newly incorporated image data.

7. A wiré bonder eduipped with a recognition device that

includes a camera and memory, a control device that performs

A
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various controls based on the evaluation from said
recognition device, and a drive device that drives. each
mechanism based on commands from said control device,
wherein, when at least one sét of image data of either a
first or second bonding point in the form of bonded siteé or
a wire'spreéd befween said first and second bonding poinﬁs
is compared and evaluated with positional data in which said
image data has been incorporated in advance, a discrepancy
is detected and bonding is performed while éhifting in the
diréction of said discrepaﬁcy, the camera tool disténde or
individual bonding reference coordinates are corrected and
updated so that the bonded site agrees with the proper
_bonded site.

8. A wire bonder equipped with a recognition device,a
control device that pefforms various controls based on the
.evaiuation from said recognition device, and a drive device

that drives each mechanism based on commands from said

* control device, wherein, a first or second bonding point in

the from of bonded sites is photograbhed by a photographic
device based on commands from said control device, and
inspection is performed as to whether a ball that has been

bonded is present within a specified range at a location

”_J_;_ﬂfﬂ;—;———~—f
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specified in advance and/or centering on said location.

g. A wire bonder edquipped with a recégnition device, a
control device that performs various controls based on the
evaluation from side recognipion_device, and a drive device
that. drives each mechanism baseq on commands from said
control device, wherein, a first or second bonding point in
the form of bonded sites is photographed by a photographic-
device based on commands from said control device,
inépection is performed as to whether a ball that has been
bonded is present within a specified range at a location
specified in advance and/or centering on said locafion, and
notification is performed by notification device and/br said
apparatus is stopped in the case said ball is evaluated as
not being present at a predetermined location.

-10. A wire bonder equipped with a recognition device, a
cbntrol device that performs various controls bésed on the
évaluation from said recognitioﬁ device, and a drive device
that drives each mechanism based on commands from said
control device, wherein,.a first or second'bonding point in
the form of bonded sites is photographed by a photographic
deviée based on commands from a control device, inspection

is performed as to whether a ball that has been bonded is

* c L M S - *
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present within a specified range at a location gpecified in
advance and/or centering on said location, and inspection of
ball compressed diameter is performed when a ball is
evaluated as being present.

il. The wire bonder as set forth in claim 10 Wherein said
inspection of ball compressed diameter is performed so as to
detect'the sizé of the ball at least two-dimensionally in

the horizontal directions by photographic device.

12. The wire bonder as set forth in claim 10 or 11, wherein said

inspection of ball compressed diameter is performed so as to
evaluate whether said ball compressed diameter is within a

predetermined ball size range.

13. The wire bonder as set forth in claim 10 wherein said
'inspection of ball compressed digmeter is performed so that
notificétion is performed by a notificatiop deviqe and/or
the apparatus is stopped when said ball compressed diameter
is evaluated és being outside a predetermined ball

compressed diameter range, and accumulation of said

* c L M S *
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compréssed diameter data and statistical processing are
performed when within said compressed diameter range.

14. The wire.bonﬁer as set forth in claim 10 wherein said
inspection of ball compressed diameter ié performed so that
notificatioh is performed by é.notification device énd/or
the apparatus is stopped when said béll compressed diameter
is evaluated as being outside a predetermined ball
compressed diameter range, said compressed diameter data is
fed back to a control device, said‘compressed diﬁmeter data
is accumulated and statistical processing is performed when
_ wifhin said compressed diameter range, and bonding
parameters such as ultrasonic wave and load parameters are
corrected and updated. |

15. A wire bonder equipped with a'recognition device, a
control device that performs various controls based on the
evaluation from said recognition device, and a drive device
that.drives each mechanism based on commands froﬁ said

" control device, wherein, a first or second bonding point in
the form of bonded sites is photographed by a photographic
device based on commands from a control device, inspection
is performed aslto whether a ball thaf has been bonded is

present within a specified range at a location specified in

I
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advance and/or ceﬁtering on said location, and’ball location
is detected ffom a specified location by said control device
when a ball is evaluated as being present.

16. The wire bonder as set forth in claim 15 wherein said
detection of ball location is performed so as to determine
the. center of said ball by detecting the size of the ball at
least two—dimensionally in the horizontal directions by a
photographic device, and calculate the amount of deviation
between the location of said ball center and the ceﬁter of a pad
in the form of said first or second bonaing point.

17. The wire bonder as set forth in claim 15 wherein the
number of balls bonded oﬂ said bonded sites is detected in
the case said bonded.sites are formed at different lengths.
18. ~The wire bonder as set forth in claim 15 wherein
detection of ball location is performed so that notification,
is performed by a ﬂotification device and/or the apparatus
is stopped when said deviatibn is evaluated as being outside
a predetermlned deviation range, and accumuletion of said
data and statlst1ca1 processing are performed when within
sald predetermined deviation range.

19. A wire bonder'equipped with a recognition device, a

control device that performs various controls based on the

-
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evaluation from said recognition device, and a drive device
that drives each mechanism based on commands from said
control device, wherein, a fifst or second bonding poiht in
the form of bonded sites is photographed 5y a photographic
dévice based on commands from said control device, and
inspecfion is performed as fo whether a bonded indentation
is present within a specified range at-a locatioﬁ specified
in advance and/or centering on said location.

20. - A wire bonder equipped with a recognition device, a
control device that perfofms various controls based on the
evaluatiop from said recognition device, and a drive device
that drives each mechanism based on commands from said
control device, wherein, a first or second boﬁding point_in
the form of bonded sites is photographed by a.photographic
aevice based on commands from said control device,
inspection is performed as to whether a bonded indenﬁation
is present within a specified range at a location specified
in advance and/or centgring on said location, and
notification is performed by a notification device and/or
said apparatus is stopped in the case a bonded indentation
is evaluated as not being present at a predetermiﬁed

location.

L) O O
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21. Thé wire bonder as set forth in claim 20 or 21 wherein said
indentatioh is the indentation of a bonding tool. .
22. A wire bonder equipped with a recognition devibe, a
control device that'performs,various controls based on the
evaluation from said recognition device, and a drive device
that drives each mechanism based on commands from said

control device, wherein, é first or second bonding point in

the form of bonded sites is photographéd by a photographic
device based on commands from a control device, inspection

is performed as to whether a bonded indentation is present
within a specified ranée at A location specified in advanée
and/or centering on said location, and inspection of
iﬁdentation and/or stitch size is performed.

23. The wire bonder as set forth in claim 22 wherein said
stitch is the stitch of a wire.

24, The wire bonder as set forth in claim 22 wherein said
inspection of stitch size is performed so as to detect the

size of the stitch at least two—-dimensionally in the

horizontal directions by a photographic device.

25. The wire bonder as set forth in claim 22 wherein said

R A O
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inspection of stitch size is performed so as to evaluate

whether said stitch size is within a predetermined stitch
size ranée.

26. The wire bonder as set forth in claim 22 wherein said
inspection of stitch size is performed so that noLificatioﬂ
is performeq by a notification device and/or the apparatus
is stopped when said étitch size is evaluated as being
outside a predeterminéd stitch size range, and accumulation
of said stitch data and statistical processing are performed
when Wifhin said stitch size range. |

27. The wire bonder as set forth in ¢laim 22 wherein said
inspection of stitch size is performed so that notification
is perfdrméd by a notification device and/or the apparatus
is stopped when said stitch size is evaluated as being
outside a predetermined.stitch size range, said stitch size
daté is fed back to a control device, said stitch size data
is accumulated and statistical processing is performed when
within said stitch size range, and bonding parameters such
" as ultrasonic wave and load parameﬁers aré corrected and
updated.

28. A wire bonder equipped with a reéognition device, a

control device that performs varioué controls based on the

) O
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evaluatiqn from snid recognition device, and a drive device
that drives each méchanism based on commands from said
control device, wherein, a first or second bonding point in
the form of bonded sites is pnotographed by a photographic
device based of commands from a control device, inspection
is performed as to whether a bondgd indentation is present
within a specified range at a location specified in advance
and/or centering on said.Location, and stitch location is
detected from a'specified location by said control device
when an indentation'is'evaluated as being pfesent.

29. The wire bonder as set forth in claim 28 wherein said
specified location is the center of a lead.

30. The wire bonder as sef forth in claim 28 wherein said
dgtection of an.indentation is performed so as to determine
the location of a stitch by detecting'the size of the
indentation at least two—dimensionally in the horizontal
directions by a photographic device, and calculate the
amount of deviation between the said stitch locafion and the
center of a lead in the form of.said first or second bonding'
point.

'31. The wire bonder-as set forth in claim 28 wherein said

detection of switch location is performed so that

W A g
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notification is performed by a notification device and/or
the'appgratus is stopped when said deviation is evaluated as
being outside a predetermined deviation range, and
accnmulatlon of said data and statistical process1ng are
performed when within said predetermined dev1at10n range

32. A wire bonder equlpped with a recognition device, a
control device thét performs various contrnls based on the
evaluation from said recognition device, and a drive device
that drives each mechanism based on commands from said
control dévice, wherein, a first or second bonding point in
the forﬁ-of bonded sites is_photographed by a photographic
device based on commands from said control device,
inspection is performed as to whether a bonded indentation
is present within a specified range at a location specified
in advance and/or centering'on'side location, the amount of
deviation to the location of an indentation from a specified
location is detected by said control device when an
indentation is evaluated as being present, said data is
accumulatgd and statistical processing is performed when said
amount of deviation is within a predetermined deviation range,
and camera tool distance or individual bonding'reference

coordinates are corrected and updated. so that said indentation

* c L M s *
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location agrees with a location specified in advance.

33. The wire bonder as set forth in claim 32 wheréin said
specified location is the center of a lead. .

34. A wiré bonder equipped-with a recognition device, a
control device that performs various controls based an the.
evaluation from said recognition device, and a drive device
thaf drives each mechanism based on commands from said

" control device, wherein, a first or second bonding point in
the form of bonded éites is photographed by a photographic
device baéed on commands from a control device, inspection
is performed as to whether a bonded w&re is present within a
specified range at a location specified in advance and/or
centering on said location, and'detection of misattachment
is performed. |

35. A wire bonder equipped with a recognition device, a
control device that performs various controls_based on the
evaluatidn from said recognition device, and a drive device
that drives each mechanism based on commands from said
control dgvice, wherein, a.fifst or second bonding point in
the form of bonded sites is photographed by photographic
device based on commands from said control device,

inspection is performed as to whether a bonded wire is

A )
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present within a specified range at a location specified in
advance and/or centering on said location, detection of
mis;ttachment is performed, and notification is performed

by a notification device and/or said apparatus is stopped in
the case a bonded wire is evaluated as not being present at
a predetermined location. |

36. A wire bonding method wherein a first or second bonding
point in the form of bonded siteé is photographed by a
photqgraphic device based on cémmands from a control device,
inspection is performed as to whether a bonded wiré is
present within a specified range at a location specified in
advance and/or centering on said location, and.detection of

misattachment is performed. ' "

37. A wire bonding method wherein a first or second bondjng

" poinf in the form of bonded sites is photographed by a

photographic device based on commands from said control
device, inspection is performed as to whether a bondéd wire
is present within a specified range at a 1ocation.specified
in advance and/or centering on said location, detection of
misattachment is performéd, and notification ié performed

by a notification device and/or said abparatus is stopped in

the case a bonded wire is evaluated as not being present at

AR
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present within a épecified range at'a location specified in
advance and/or centering on said location, detection of
misattachment is performed, and notification is performed

by a notification device ahd/or s#id apparatus is stopped in
the case a bonded wire is.evaluated as not being-present ét
a predetermined location.

36. A wire bondihg method wherein a first or second bonding
point in the form of bonded sites is photographed-by é
photographic device-based on commands from a control device,
inspection is performed as to Whethér a bonded wire is
présent within a specified range at a location specified iﬁ
-advance and/or centering on said location:'and detection of
misattachment is performed. .

37.‘ A wire bondiné method whérein a first or second bonding
point in the.form of‘bonded sites is photographed by a
photographic device based on commands from said.control
device; inspection is perfofmed as to whether a bonded wire
is present within a'specified range at a location specified
in advance and/or centering on said_location, detection of_
miéattachment is performed, and notification is performed

by a notification device.and/or_said apparatus is stopped in

the case a bonded wire is evaluated as not being present at

* c L M - *
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a predetermined locationﬂ

38. A wire bonding method wherein a firsf or second bonding
point in the form of bonded sites is photographed by_a
photographic device based on commands from a control device,
inspgction is performed as to whether a bonded wire is
present within a specified range at a location specified ih
advaﬁce and/op centering on said location, and the amount of
wire curvature is determined by determining the distance
from a location specifiéd“in advance between a first bonding
point and second bonding point to a wire when a wire is
evaluated as being present according to said inspection.

39. A wire bonding ﬁethod wherein a first or second bonding
point in the form of bonded sites is photographed.by a
photographic device based on commands from said control
device, inspection is pefformed as to whether a bonded wire
is ﬁresent within a specified fange at a locatiqn'specified
in advance and/or centering on said location, the amount of
wifé curvature is determined by determining the distance
from a location specified in advance between a first bonding
point and second bonding point to a wire when a wire-is
evaluated as being present according to said inspection,

notification is performed by a notification device and/or
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said apparatus i$ stopped when said amount of curvature is
-outéide a predetermined range, said data is accumuiated'and
statistical processing is performed when said amount of
curvature is within a predetermined range, and individual
bonding parameters are corrected and updated so that said
amount of curvature agfeé with a location specified in
advance. |

40. The wire bonding method as set forth in claim 38
wherein said location specified in advahée is the midpoint -
of a loop.

41, A wire bonder equipped with a recognition device, a
control device that performs various controls baséd on the
evaluation from said recognition dévice, a drive device that
drives each mechanism based on commands from said control
device, and a bonding head equipped with a bonding tool
‘through which a'wire ié passed, wherein, a ball formed on
the end of a wire fed from said bonding tool is placed at an
arbitrary location by driving said bonding head, and ball
diameter and/or wire_diameter-ape measured by photographing
said ball and/or wire by said recognition device after_
bonding a portion of a wire to which said ball is connected.

42. A wire bonder equipped with an operating device, a
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recognition device, a control device that performs various
controls based on the evaluation from said recognltion'
device, a drive device that drives each mechanism based on
commands from said control device, a bonding head equipped
with a bonding fool through which a wire is passed, and an
electrical discharge device that forms a balllby applying
high_voltage to the end of a wire, wherein, a ball formed on
the end of a wire fed from sajd bonding tool is placed at an
arbitrary location by driving said.bonding head, ball |
diameter is ﬁeasured by photographing séid ball by said
recognition device after bonding a portion of wire to

which said ball is connected, feeding back said ball
diameter data to said.control device, accumulating said data
~and performing statistical processing, and correcting the-
output data_with respect fo an élegtrical discharge device
by an operating device so that the set amount agrees with
ball diameter. |

43. A wire bonder eduipped with a recognition device, a
control device that performs various cpntrols based on the
evaluation from said recognition device, a drive device that
drives eaéh mechanism based on commands from said control

deVice, and a bonding head équipped with a bonding tool

-_
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through wﬁich a wire is passed, wherein; a bali'formed on .

the end of_a wire fed from said bohding tool is placed at an
arbitrary 10catioq by driving said bonding head, ball

diameter and wire diameter are measured by photographing

said ball and wire by said recognition device after bonding

a portion of a wire to which éaid ball is connected,
determining their respectivé cenﬁers, ahd;calculating the
amount of deviatibn to evaluate the quality of formation of
said ball.

44. The wire bonder as set fdrth in claim 41,42 or 43 wherein said

.arbitrary location is a lead.

45, The wire bonder as set forth in claim 41,42 or 43 wherein said

arbitrary location is an island.
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