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BACKGROUND QF THE INVENTION

1. FIELD OF THE INVENTION

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

N alumihﬁﬁ;.
L : li K Tﬁié bonder first produces an elecfrical discharge by
apblying a high voltage between the end of a protruding wire
and é 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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by bonding using gold wire or wire nade of copper or ‘al um num

Thi s bonder first produces an el ectrical discharge by appl ying a high
voltagé bet ween the end of a protruding mnre and a di scharge

el ectrrode (electric torch) froma bondi ng? tool in the formof a
cap|*1ary The end of the wire is then nelted by the energy of that
di scharge resulting in the 2

formation of ‘ball on the end of the wire that has been inserted into the
capillary. By then applying ultrasonic vibrations while bringing the bal
held on the end of the <capillary in contact wi th. an electrode (pad) on a

sem duct hi p, ] dtothe b I
order to K it “@%W%'@hé’ﬁ%‘ Wb S St Bar 3 Bhnded by o

bonder has sberetnec{ e{rll o iYheCOggeCf Fary

By then applying ultrasonrc
vibrations whilé bringing the ball held on the end of the
capillary in contact with an electrode (pad) on a
.semicohdﬁctor 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
.performiné a visual inspection and.so'on.

Moreover, an inspection is also performed using a

microscope and so forth as to whether the initial ball



to the pad or lead, or confirmwhether the connected wire has forned a

| oop on the wire connecting the pad and lead in the prior art, the bonded
Ieadwjfane is continuously or at fixed intervals renoved fromthe assenbly
procgss followed by the performng of anginspection for non-defective or
def ettive products by an inspector using a microscope and so forth in a
separate inspection process. In this inspection process, an inspection is

performed as
m satt achnent
been broken,

to whether the wire has been reliably bonded, and nanely, a
i nspection is also performed to determine if the wire has
there are defective connections and so forth by performng a

‘vi sual inspection and so on. Mor eover, an inspection is also
per f or nedfomméy én ther eagope 8nd SOréOhkbs BeehOofwhmédetot brei propalr bal |
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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_bonder of the prior art, since the

bonded lead frame is removed from the assembly line énd

inspected in a separate inspection process, even in the case

a problem such as a connection 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

the disadvantage of there being the risk of reliable data

not being consistently fed back. Mbreover, although

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



formed on the end of the wire has been fornmed to the proper §size as set
with, for exanple, a keyboard. Adjustnents of each section are then
performed based on these inspection. results. However, in order to
perform the above-nentioned inspections qusing a bonder of the prior art,
since*the bonded lead frame is renoved fromthe assenbly |ine and

i nspected in a separate inspection process, even in the case a problem
such as a connection defect occurred in this inspection process, said data
cannot immedi ately be fed back to the bonder. Consequently, this bonder
has the disadvantage of producing a | arge nunber of defective products.
In addition, even if this inspection data was fed back, since there is

variation ag1tiaphattydaf@a hoWdhds . f e haske depenyli £4gd poi kg1 | nspect or,

this bonder also has the disadvantage of there being the risk of reliable

data not keisp@veatsgsd addyl fLd haak chVireovesndeédt § hauDdh  bBslj usédensd r of

the bonder is required follow ng the discovery of a defect, a considerable

anount of ttihee plus prosguiafe ch itgh~sgetest mprerathiain sanis broshoubppdd fdf ust ed

even for a skilled technician. Since a considerable amount of tine is

required tongerfearipd ifs tigsk, in Mrgkdd mpad rmakaadiwpinenys gggring that
time. .

In addition, 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 of the inspection equipment being expensive and
requiring a large amount of spaoe. _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 oompleted in
consideration of'the above—mentioned'problems of the prior
art, and its object is_to provide a wire oonder 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 wire bonder-and wire bonding method that is able

to automatically perform bonding inspections on the bonder



4 reliability of the bonder. Mreover, the additional disadvantage
resul tsgin which the bonder, which is used for the purpose of high-speed
operation, nust be stopped for a long period of tine in order to nake
adju§$nents during that tine. In agdition, in the bonder of the
prior art, since separate inspection processes are required |ike those
descri bed above, the bonder of the prior art also has the disadvantage of
t he inspection equi pment bei ng expensive and requiring a | arge anount of

space. In addition, it also has the disadvantage of requiring additional
i nspectors for performng the inspections in this inspection process.
SUMWVARY OF THE | NVENTI ON Therefore, the present invention was

conpl et edwibhout 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 invention
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,



consi deration of the above-nentioned problens of the prior art, and its
object is to provide a wire bonder and wre bonding nethod that is able to
directly and effectively wutilize positional information of coordi nates and
so forth that has been pre-stored in mempbgy in a wire bonder. In

addition, a second object of the present inventionis to provide a wre
bonder and wire bonding nethod that is able to automatically perform
bondi ng i nspections on the bonder _ : 5
Wi t hout using a separate inspection apparatus, and effectively utilize
data by rmmedi ately feeding back said data from said inspections to the
bonder even in the case of the occurrence of problenms such as connection

defects ang50e;d0rilyal 82001 hLONee 2L Nl oy 0hI BaLLA hNEoRERAR! fpkent | on

is to provide a wire bo w re bonding ne erein the adjustnent
| ocati ons §§i&r@b§99gfrd899c9? QQ?H'&rive 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



determ ned by anyone to inprove the stability and reliability of the
bonder while also conserving on space and being inexpensively priced.

The present invention is able to conpare and evaluate at |east one set of
|nage data of either a first bonding poim or second bonding point in the
form'f bonded sites, or a wire spread between said first and second
bondi ng points, mnth the positional data into which said i mage data has
been incorporated in advance, and automatically perform inspection and
nmake corrections. The present invention is equipped with a
recognition -device that includes a canmera and nenory, a control device
that performs various controls based on the evaluation from said

recogni ti gRadepeseoralRd vardiduée dipitiea ¢ hatsedl iores reacty a Ivedhiani stedased on

commands from said control device,
said recognition device, and a drive device that drives each
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



wherein, said drive device is driven based on conmands from said contro
device, said drive device noves to a first or second bonding point in the
form of bonded sites to incorporate inmage data, and said control device
emts a command to nove to the next inmgesgdata incorporation point to
sequertial ly repeat incorporation of inmage data. The present

i nvention equi pped with a recognition device that includes a canera and
menory, a control device that perforns various controls based on the

eval uation from said recognition device, and a drive device that drives
each nmechani sm based on commands from said control device, wherein, a
drive device is driven based on commarnds from said control device, said

drive devicgoled tTRWEL Pl i& ifdd Sin  aQfv o3RG UM Nh 0k 1M g 1.8 t H£1 § or m of
bonded sites, image data is incorporated after a driving stop conmand is
emtted hycaaiidndrive device, said control device emts a command to nove
to a next inage data incorporation point, said drive device begins to nove
to said point, Taed pSRiskrteGeGRIALiYh i¢e\dGE g aFesh andré aepert soh mage
data that has previously been incorporated with newly incorporated inmage
dat a. devike ,pracsonit nalveldviare ithaequepfednvd tvasi gesogom t rohs

based Ln 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



device that includes a canera and nenory, a control device _
7 -+ that perfornms various controls based on the evaluation from said
recogni tion device, and a drive device that drives each nechanism based on
commands from said control device, mherelg,_when at | east one set of i mage
data of either a .first or second bonding point in the formof bonded sites
or a wre spread between said first and second bonding points is conpared
~and evaluated with positional data in which said inage data has been
incorporated in advance, a discrepancy is detected and bonding is
performed while shifting in the direction of said discrepancy, the canera
tool. distance or individual bonding reference coerdinates are corrected.
and updatrde tsgtdrdti ¢ hie bbneebased eonge@asands hf ite propeiroboneedesite.
The present invention is equipped with a recognition
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 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 whether 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 specified location by said
control device 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



device,a control device that perforns various controls based on the

eval uation fromsaid recognition device, and a drive device that drives
each nechani sm based on conmands from said control device, wherein
a.first or second bonding point in the fr¥m of bonded sites is
photdbraphed by a photographic device based on commands from said control

device, and inspection is perforned as to whether a ball that has been
bonded is present within a specified range at _ _ _
8 a location specifiedin advance and/or centering on said |ocation.

The present invention is equipped with a recognition device, a control
device that perforns various controls based on the evaluation from side
recogni ti bRoHespéd, canliral devieedevheeetihat adfiived eaclseamwoithriemd based on
commands
o 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



fromsaid.control device, wherein, a.first or second bonding point in the
form of bonded sites is photographed by a photographic device based on
commandS fromsaid control device, inspection is perforned as to whether
a ball that has been bonded is present witlin a specified range at a
|l ocation specified in advance and/or centering on said |ocation, and
notification is perforned by notification device and/or said apparatus is
stopped in the case said ball is evaluated as not being at a predetermn ned
location. ~ The present invention equipped with a recognition device,
a control device that performs various controls based on the evaluation
fromsaid recognition device, and a drive device that drives each
nechanlsmd;ﬁ&ﬁbﬁwacoﬂmaﬁds dév bee sthat cpat formdevacépushepoiti;ols first or
second. bonding point in the formof bonded sites is photographed by a

based on the evaluation from said recognition device, and a

driveJdevice that drives each mechanism based on commands

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/or centering on said location, and inspection

of indentatioh.and/or stitch size is performed.

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 fo;m of bonded sites is photographed by a

photographic device based of commands 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 on said location, and stitch

location is detected from a specified location by said

control device when an indentation is evaluated as being



- phot ogr aphi c devi ce based on conmands from a control devi ce, - i nspection

is performed as to whether a ball that has been bonded is present within
a specified range at a location ° specifigd in advance and/or centering on
said_l ocation, and i nspection of ball conpressed dianeter is perforned

when*a ball is evaluated as being present. The present invention

is equipped with a recognition device, a control device that perforns
various controls based on the evaluation fromsaid recognition device,

and a drive device that drives each nmechani sm based on conmands from
said control device, wherein, a first or second bondi ng point in the form
of bonded_sites,is photographed by a ‘photographic device based on

‘commands PF%ﬁfgtéontrol devi ce, i nspection is perforned as to whether a
bal | that has n. ed._j resent. W.thi , i fi I s a.

| ocati on _spe?ﬁ?igaeggggdggkgggéﬁglé% %%%fgpfgg§gﬁgsgiSqTégg%ﬁgﬁ%land S
bal | 1ocagipnces detsnted:f beUiaesRAs! ped rbomat var iRisSaidhe LNy rol device
when a ball 1s evaluated as being present. The present invention is

equi pped WhEBdaoheERBNeVhONatiBAViEEBm 8a8ANTEebgHRYIiGN (hAL 6T fafdE
various controls based on the evaluation fromsaid 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



drive device that drives each nmechani sm based on commands

10 . fromsaid control device, wherein, a first or second bonding
point in the formof bonded sites i.s photographed by a photographic device
based of commands from said .control device and inspection is perforned as
to whether a bonded indentation is present within a specified range at a

| ocati on specified in advance and/or centering on said. |ocation. The
present invention is equipped with a recognition device, a control device
that perfornms various controls based on the evaluation from said
recognition device, and a dri.ve device that drives each nechani sm based on

conmmands rq$1sa| control device, wherein, a first or second bondi ng
p0|nt in R4S 9™ bR pBRaLHatirasiremppaidgrapRERifyoa 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 bondéd 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
advance and/or centering on'said location, and detection of
misattachment is performed. |

The pgesent inveﬁtion is equipped witﬁ a recognition
device; a control device that performs various controls
based on phe evaluation ffom said recognition device, and a
drive device that drives eagh mechanism bésed on commands
from said control 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



phot ogr aphi ¢ devi ce based on commands from said control deviceé, inspection
is performed as to whether a bonded indentation is present within a .
specified range at a |ocation specified in advance and/or centering on
said location, and notification is performed by a notification device
and/or said apparatus is stopped in the case a bonded indentation is

eval uated as not being present at a predeterm ned |ocation. - The
present .invention is equipped with a recognition device, a
control device that perforns various controls based on the evaluation from
said recognition device, and a drive device that drives each mechani sm
based on commands from said control device, wherein, a first or second

bondi ng 2p&TFAS Y THE SRS Bhded sites is photographed by a

phot ogr aphl ¢ q‘%vel %erebsaesnetd ionnvecnotlonndrse lfartoerg atocoanthr'ﬂ'e e(\)lrlu 1e1‘1g method

wherein a first or second bonding point in the form bf
_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_perforﬁgd.

The present invention relates to'a wire bonding method
wherein g 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



i nspection is perfornmed as to whether a bonded indentation is present
within a specified range at a |ocation specified 1in advance and/or
centering on.said |ocation, and i'nspection_of indentation and/or stitch
size is perforned The present invedfion is equipped with a
recognltlon device, a control device that perforns various controls based
on the evaluation fromsaid recognition device, and a - drive device that
drives each nechani sm based on comands from said control device, wherein
a first or second bonding point in the formof bonded sites i's

phot ographed by a photographic device based of commands from a control

devi ce, inspecti erforned as(%3 whet her a bonpded. i nden atlo
present\ﬂqtﬁQTﬁﬁﬁé%uﬁq o Y Ut W%ﬁ%ﬂlkﬂ?%&%ﬁ}??eﬂs PRT 863ﬁ and/or

centerin sai.d Iocatl i tch Iocat on, ] detected fron1a
speci fi e%ﬁ SCatSH AR i ad c@ Gﬂt"’rlo‘"e dev/ifte mth f?h’rfaent 2PFSATF€%val uat ed

as belngrange at a location specified in advancézand/or centering on
said location, and the amount of wire curvature is
determined by determining the distance frem 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 outside a bredetermined range, said data

is accumulated and statistical processing is performed when said



present. The present invention is equipped with a recognition
device, a control device that perforns various controls based on the

eval uation from said recognition device, and a drive device that drives
each mechani sm based on commands from sail® control devi ce, wherein, a
firs$t or second bonding point in the formof bonded sites is photographed
by a photographic device based on conmands fromsaid control device,

i nspection is perforned as to whether a bonded indentation is present
within a specified range at a |ocation specified in advance and/ or
centering on side |ocation, the anbunt of deviation to the |ocation of an

i ndent ation fron1a S eC|f|ed | ocation i s dete%%%ﬂlbexP%!qH%COQu&?l devi ce

when an PRE¥RLaCToF YUY SdiCuded 148 eﬁn&regﬁesen

accumul ati?lgl%qg %:[latbl %[dlcil?d r%?h%%%l 19 ar'es BT %rt%%fj awg.l Ak éje@@émt of

deviation 1s termned déviation range, mera tool

distance@h sraq'dv' Wntbw'cn&va%%rea%%eeowlcvhn% Q%A@ P rected and
updat ed so that sai ndentation | ocation agrees with a |ocation specified
in advanggecified HRE d¥vaSRYE. i nvention is equipped with a recognition
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



device, a control device that perforns various controls

13 - based on the evaluation fromsaid recognition device, and a drive
devi ce' that drives each nmechani sm based ¢p commands: fromsaid contro
device, wherein, a first or second bonding point in the formof bonded
sités is photographed by a photographic device based on commands from a
control device, inspectionis perforned as to whether a bonded wire is
present within a specified range at a |ocation specified in advance and/ or
centering on said |ocation, and detection of msattachnent is perforned.
The present invention is equipped with a recognition device, a control

devi ce t hadrmRerd ASE1 Vigy | &Y51 $ORE IRl Sh PepeslzOntbhenevahyabiror kg sai d
recogni tion device, and a drive device that drives each nmechani sm based on
commands wHd @Sl &l 8ON1 I Dbrfled | 6, thbesed Nof aafwi st Oedsecomdshqaadi ng
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



point in the formof bonded sites is photographed by photographic device
based op commands from said control device, inspection is performed as to
whet her a bonded wire is present within 8 specified range at a location
specified in advance and/or centering o% said | ocation, detection of

m sattachment is perforned, and notification'is perforned by a
notification device. and/or said apparatus is stopped in the case a bonded
wire is evaluated as not being present at _ _ _

14 a predeterm ned | ocation. . The present invention relates to
a wre bonding nethod wherein a first or second bonding point in the form

of _bondggs shigs:hsyRAat 99 ARG By a pheLographic device based

on
conmands from a control device, |nspéction I's pé SR ESRT Wt her a
bonded mEéﬁtE?sPrﬁﬁ@nkaﬂkhhh@iﬁngﬁg'Ehgqnp 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 -



range at a location specified in advance and/or centering on said

| ocatign,- and detection of misatt.achnent is perforned. . The present
invention relates to a wire bonding nmethqg wherein a first or second
bondlng point in the formof bonded sites is photographed by a
photographlc devi ce based on commands from said control device, inspection
is perforned as to whether a bonded wire is present within a speC|f|ed
range at a | ocation specified in advance and/or centering on said

| ocation, detection of misattachment is performed, and notification is
perforned by a notification device and/or said apparatus is stopped in the
case a bPHgggtlgﬁre is evaluated as not being present at a predeterm ned

| ocati on he present invention relates to a wire bondi ng et hod

wherein a fi rﬁi OrQS?QOQdLPﬁQQLEQC{??bHLl'U thecheem ghorondef siiteg is
photographed y a phot ographi c device aseé
of 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



on conmmands froma control device, inspection is performed as to whether a
bonded wire is present within a specified range at a |ocati.on specified in
advance and/or centering on said Iocatigﬁ, and the amount of wre
curvature is determ ned by determning e distance froma | ocation
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
sai d inspection. + The present invention relates to a wire bondi ng

met hod wherein a first or second bonding point in the formof bonded
sites is photographed by a photographic device based on comands from said
control device, inspectionis perfornmed as to whether a bonded wire is
present WrEHeRty 1N ¥9%d range at a location specified in advance and/ or

centering on id laocation, the anpbynt of wire curvature is, determned b
det erm! n?ng tﬁ:gl%i sltqgrftf:é & 1 i 15 HHE gd@cis‘ftiuaet\c/? ic’rL1Ifr aadb‘gt'rﬁ:ee EReen a d

first bog iaqg h%.osi r?:;[eeahn oﬁrftfeo&dus ibr%qﬁtlghnﬁg v&orient otnodeai' -sr ec mﬁﬂ?c{i JY\A I’ehei S

eval uat ed-as being prese accor 0 sal d 1'nspection, notification is

perfor”ﬁ%J@ééﬁ;'YHJJAé%HAO” device and/or said apparatus is stopped when
said anount of curvature is outside a predeterm ned range, said data

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



I's accunul ated and statistical processing is perfornmed when said

16 X anmount of curvature is within a predeterm ned range, and

i ndi vi dual bondi ng paraneters are correc?gd and updated so that -said
amount of curvature agree with a locatio specified in advance. The
present is equipped with a recognition device, a control device that
performnms vari.ous controls based on the evaluation fromsaid recognition
device, a drive device that drives each mechani sm based on conmands from
said control device, and a bondi ng head equi pped with a bondi ng tool
through which a wire is passed, wherein, a baII formed on the end of a

Wre fed fagg%%Q| gonQJ%%l%%ggggﬁﬁpba%%lc% &7(Q{trary | ocati on by

driving sal onding *heax dianete or wire dianmeter are
neasuredsQM1BBBH%Q&%Qmégﬁponenp 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



said ball and/or wire by said recognition device after bonding a portion
of a wire to which said ball is connected. The present invention is
equi pped with an operating device, a recognition device, a control device
‘that perfornms various controls based on?% he- eval uati on from said
recognition device, a drive device that drives each mechani sm based on
commands from said control device, a bonding head equi pped with a bondi ng
tool through which a wre is passed, and an el ectrical discharge device

t hat _ 17 forns a ball by
applying high voltage to the end of a wire, wherein, a ball formed on the
end of a wire fed fromsaid bonding tool is placed at. an arbitrary"

| ocat i on SEPEYH MPPEWS tMHVhdi ng head, ball dianeter is neasured by

phot ogr aphi ng said ball, by_said recognition device after pondjing _a poftion
of wire Lo whith SV HF 1T 18- chnntlitiy, recoen tion “apparalus s s ¥

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



feedi ng back said ball dianmeter data to said control device, accumulating
sai d data and performng statistical processing, and correcting the output
"data with respect to an electrical discharge device by an operating device
so that the set anount agrees with ball 4Raneter. The present
invention is a wire bonder equipped with a recognition device, a contr ol
device that performs various controls based on the evaluation from said
recognition device,.a drive device that drives each mechani sm based on
commands from said control device, and a bonding head equipped with a
bondi ng tool through which a wire is passed, wherein, a ball fornmed on the

0o o SRR R L0 L0 S ST o e

| ocation by driving ‘said bon , aneter

measur ed RY,oRROLRAHEBRIHNY Sad kPl lopUL WL by said recognition device

.after bonding a portion of a wre to |

18 ' 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



whi ch said ball is connected, determining their respective centers, and
cal cul at.i ng the anobunt of deviation to evaluate the quality of formation
of said ball. - BRI EF DESCRI PTI ON OF THE DRAW NGS  Fig. 1is
a schematic drawi ng showi ng the consti tutzho'n of the wire bonder as cl ai ned
in the present invention.: Fig. 2 is a block diagramshow ng the
circuit constitution of the inmage recognition apparatus, control

apparatus and so forth shown in Fig. 1. Fig. 3 is an overhead view
showi ng an i nage of an electrode (pad) portion taken with a canera.

Fig. 4 is an overhead view showi ng an inmage of a ball taken with a canera.
Fig. 5 1is an overhead view show ng a sunmary of the transport apparatus as
cl ai ned campheepr edemuiidey erenib@rs in theFif@rub oifS ad pdriawiofg gad de ewed from
above the transport path of Fig. 5. Fig. 7 is a |ongitudinal

cross- seEtidfaBOvieat 34 vArgweged rcomreispectding Ito- bosh Eiigles6of lead Fig. 8
is a drawing showing a sunmary of the -constitution of the bondi ng device,

i ncl udi n§remesb&rdi-ng

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 34: Furthermore, said guide member driQing device 34
is composéd 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

both guide rails 30 and 31 which screws onto said male screw

36.



head and drive nmechanism as clained in the present

19 . invention. Fig. 9 is a cross-sectional view taken al ong
line I'l-11 of Fig. 8. Fig. 10 is a drawi ng showi ng the process by
whi ch bonding is performed using the w 28 bonder as clained in the
presént invention. Fig. 11 is a flow chart show ng the process by
whi ch ~automatic detection is perfornmed using the wire bonder as clai ned
in the present invention. . Fig. 12.is.a flow chart show ng the

prelimnary incorporation and inspection process shown in Fig. 11.
Fig. 13 is a drawing show ng the state of performng a ball presence

i nspection using the wire bonder as clained in the present invention.
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



Fig. 14 is a drawing showng the state in which a ball" is pressed onto a
pad using the wire bonder as clained in the present invention.
15(A) and 15(B) are draw ngs showi ng the state in which bonding is
perfornmed to rectangul ar pads using the 26wi re bonder as clained in the

I nventi on. Fig. 16 is a drawing showi ng the state in which

pr esént
stitch
20

of a wire |oop

bonding is performed using the wire bonder as clained in the

Figs.

present invention. Fig. 17 is a drawing showing the state

the present invention. Fig. 18 is a flow chart show ng the
I nspection process ' at a first bonding point using the wire bonder as
ClaiWEdZQ?.RQK?QﬁQ%%ﬁ@ ?mveheyYahor mechanism base 22, while 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

of the other two restricting members 25c and 25d can be

adjusted in the direction shown by arrow V, namely 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. 7T)

are rotated and driven based on a command signal emitted

from control apparatus 13 consisting of a microprocessor and

so forth. The amount of rotation of said pulse motors is

t hat has been bonded using the wire bonder as clained in



Fig. 19 is a drawi ng show ng the process by which an: iniiial ball is
nmeasured using the wire bonder as claimed in the present invention.
Fig. 20 is an enlarged view showing the state in which the initial bal
shown in Fig. 19 is measured. 27DESCRIPTICN OF THE PREFERRED
EVBODI MENTS The follow ng provides an explanation of the preferred
enbodi ments of the present invention with reference to the draw ngs. -
As shown in Fig. 1, this bonder is conposed of a photographic device in
the formof camera 1 equipped with canmera head la, lens |b and so forth,
bondi ng head 3 which includes capillary 2 and so forth that perform
bonding, XY table 4 that allows horizontal two-dinensional novenent of
t he aboveonk¥aArtededntandhe Branatbofdedyaheadod regrkhesXoandf nut 37
21

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 lead
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



Y directions, bonding stage 7 which positions a sem conductor conponent in
the formof IC chip 6 that is photographed by the above-nenti oned canera
1, i'mage recognition apparatus 8 which receives the output fromthe
above-nentioned canera 1, a display devizg in the formof nonitor 10 which
recetves the output fromthe above- nentioned inmage recognition apparatus
8, a control device in® the formof control apparatus 13 which includes a
m croprocessor that receives the output fromthe above- nentioned inage
recognition apparatus 8 and generates a control signal to manipulator 11
or a drive device in the formof drive apparatus 12, a drive nmechanism5
equi pped on .the above-nentioned XY table 4 which receives a drive signal

f rom t habaveveeméirineded edrd g adws de/F rist Ipddfamdmast ldrddes lgp@gadat us 12
and drives the above-nentioned bonding head 3 in the Z direction, a

t r anspofidePrgaziine Ne ifsomAssir i ateghdHyorm onearediars " vaddd so forth.
Furthernore, the above-nentioned canera 1 may be equi pped with an

aut o- f oRBEYORBIREnicSAR 1of ddifi Mo tigngde Wé‘séﬂtﬁfbtWisdﬁecd‘elrnage

recoani L1,oneagaRr alus B canirol SPRALALIS I3 40 SMRANAHRGEE and 0

' 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



may be.conposed in the formof a si ngl e apparatus instead of

separ at e appar at uses. As shown in Fig. 2, inmage recognition
apparatus 8 is conposed of clock signal generation circuit 8a, horizontal
and vertical synchronizing signal generatiasn circuit 8b, inage processing

circuft 8d, which perforns inmage processing by digitizing video signals
fromcanera 1 anplified with anplifier 8¢, control circuit 8f, which
controls and evaluates said image processing circui't 8d, and i nage nenory
8e [err] which accunul ates imge data relating to bonded sites, nanely
| rage data relating to electrode (pad) 6a, that relating to ball B or that
‘relating to a lead and so forth. This inage recognition apparatus 8 and
canmera l4lapedgeseriildaltiyng efrer M&d itso exPp la imacberd thamd ey i loead | B,
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



addition, as shown in Fig. 2, keyboard 19 in the formof an operating

device |

bondi*ng,
pad, whi

provi des an expl anation of a transport

s for issuing commands for setting each of the various condition
settings in control apparatus 13. For exanple, this keyboard can be used
to set the ball dianeter of the initial baDl, namely the dianeter before

and so forth. Furthernore, Fig. 3 shows a digitized inage of

t he

le Fig. 4 shows a digitized image of the ball. The foll ow ng

apparatus 14 which ' 23

transports lead franes L/F and so forth recogni zed by the
recogni tion-devj ce. As shown in Figs. 5 through 7, in this bonder

device in the formof transport

above- nenti oned

a

pl ural i t46 pfheslbsinapescénbyhectewm ahdl sadfbrahessLpFovadedwoinch each of a

plurality of I1C chips 6 are nounted arranged in a row in the |engthw se

directi ooscikbatingngend 4Adto prevent adsorption in excess of a

prescribed distance. 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



contained within a substrate containnment device in the form of nmgazine M
and this magazine Mis placed on | oader 15. Acconpanyi ng novenent of said
| oader 15, these lead frames L/F are sequentially taken out of nagazine M
by a frame feeding device not shown, |%&ern1ttently fed at intervals of
the arrangenent pitch of 1C chips 6, and transported onto heater plate 17
which- is heated by heater block 16 (see Fig. 7). On said heater plate 17,
~each 1C chip 6 nounted on said lead frane L/F and | ead 20 forned on said
lead frame (see Fig. 6) are sequentially connected by bonding using a
conductive wire. Those |ead franmes L/F on which the above- nentioned
bondi ng has been perforned are further advanced by the above-nentioned
frame feebeppréevierchnd8Océnrasnadbphl @ﬁpﬁ?enﬁgézpﬁe“NFﬁld@eéyon unl oader

18. A transPort path that perforns high-precision transport to prevent
snaki ng ®PPlytag Fr8ﬁ§§°EFPeﬂr¥ﬁ§ﬁ8SFed 59 £APd tEPAne 2P Bd NG SBEIPDe i s

24 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



conposed of guide menbers in the formof a pair of guide rails 30 and 31
arranged corresponding to both sides of lead franmes L/F. However ,
since lead franes L/ F have various widths corresponding to the type of IC
chip 6 which is to be nounted, the inteBal between both guide rails 30
and 31 is adjustable to allow guiding of these various types of |ead
frames. More specifically, as shown. in Fig. 6, a pair of frane 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 to slide freely along a
rail portion provided on each frane base 32. GQui de nenber driving
device 34 is provided for noving each of both guide rails 30 and 31. As a
resul t, BYPROGH @daflhiie 3P A/ WL b e P tiRjet her f el pard with
respect to lead frane L/F by the operation of said gujde ngnber driving
devi ce 348MEdlehSHFE %ﬁﬂ?ﬁiﬂﬁQﬁ?rﬁﬁﬂﬁﬁeTﬁQ%ﬁ¥Eﬁd%gft%332 i $Sconposed of

pul se notors % 35b, .nount t he above-nentione ses 32,

5 d d f
mal e scr 8RS58 cg’l?%r‘]”ee(fnt o“i%eem&ﬂfg[}thesl?ffet_lo‘?a%’aril% %ngsﬂlr)%g&, Qﬁﬁd nut 37
faStenedeha oqo%@é%gfgifhnlgﬁég)fggi:%%dMgéﬁLgfégméaﬁn%gl?8&grn§£e screw

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-—



36. 25 The foll ow ng
provi des an explanation of | oader 15 and unloader 18 arranged so as to be
| ocat ed "on both sides of the above-nentioned guide rails 30 and 31.
Furthernore, since |oader 15 and unloadgy 18 nutually have simlar
constttutions, a detailed explanation-is provided only for the
constitution of |oader 15, with that for unloader 18 omtted. As
shown in Fig. 5, |oader 15 has an el evator nechanism 21 for |owering or
rai sing nmagazine Mat intervals of the arrangenent pitch of |ead franes
L/F in order to take out a- plurality of lead frames L/F arranggd and .
contained in said nmgazine Mone at a tine.with the above-nentioned frane

feeding flext 6néAOLoRBRWRLL 18R] &i@¥aLOr jBPERARI #thase bdAding tool
| 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



equi pped with said el evator nechanism 21. This el evator nechani sm base 22
moves in the direction shown by arrow S, nanely the direction parallel to
direction of nmovenent T of the above-nentioned both guide rails 30 and 31,
and its position can be adjusted in said3lirection S by turning knob 23.
A pai'r of stocker guides 24a and 24b, forned to each have a cross-section
In the shape of the letter "L", are provided on el evator nechani sm base
22. One stocker guide _ 26 24a
I s anchored on el evator nmechani sm base 22, while the position of.the other
stocker guide 24b can be adjusted in the direction shown by arrow U,
nanely the | engthw se direction of nagazine M Two each, for a total
of four, teweredtiand mewmbdrst B3gh2S5deade fabmached t(d )t He istsimes2 bf both
of the above- )

and moved at low speed from step (2) to step (3). Clamp 48a

is open at this time. Next, when connection to a first

bonding point is completed, bonding arm 41 is raised upward,

namely 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 shown in step (5). This is then

connected to a second bonding point {n the form of lead 20

as shown 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 proéess 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 form of

electric torch 50 followed 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



menti oned stocker gui des 24a and 24b. These restricting nenbers 25a-25d
engage with nagazine Mto restrict its novenent. Two restricting nenbers
25a and “25b are each fastened to stocker guides 24a and 24b, while the
position of the other two restricting nestbers 25c and 25d can be adjusted
in the direction showm by arrow V, nanely. the direction of the wi dth of
‘magazi ne M The follow ng provides an expl anati on of operation in
t he apparatus having the above-nentioned constitution in the case of
perform ng adjustnent of the transport path so as to match the wi dth of
| ead frames L/F to be handled in said apparatus. To begin wth,
pul se notors 35a and 35b (see Fig. 7) are rotated and driven based on a
command Sl ived tdgeve f rancranhc obrappacabisthd bondest kagcobimed
“m croprocessor and so forth. The anmount of rotation of said pul se notors
S in the present invention is the eq@7pping of said bonder
with an automatic inspection function. The following
provides an explanation of the automatic inspection function
as claimed in the present invention. Furthermore, since
this aﬁtomatic inspection function can primarily be divided
into automatic inspection functions 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 between 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 for bonding is stored.in memory,
including various image data stored in memory 8e (8el'to
8en) and various positional data and so forth stored in
.control apparatus 13.

Therefore, the following provides an explanation of an

automatic inspection function in the case of performing wire



converted into the anbunt of advance or regression of nut 37 resulting in
both guide rails 30 and 31 noving to the novenent limt position in the.
direction in which they nove away from each other. Next, a single

| ead. frame L/F for adjustnment of the tB&nsport path is handl ed by an
operator, and a reference hole (not shown) fornmed in said lead frane L/F
is fit onto a projection (not shown) that serve as a reference provi ded on
heater plate 17. As a result, island 20a forned inlead frame L/F in which
IC chip 6 is nounted aligns with recess 17a (see Fig. 7) of heater plate
17. Furthernore, as shown in Fig. 6, lead frame L/F is held by

- pressing from above by lead frane clanp 28, and bonding origin 29 is set
in the deondingfusihghthebbandershandl 20medt hnothe opesiemd 28a of- said | ead
frame clanmp 28 by operating bonding head 3. Followi ng this
procedurmvert senppt ors 35a and 35b are rotated in reverse so that both
guide rails 30 and 31 approach |ead frame L/F. Mreover, the gaps between
the sides ofT%a‘P%igb%t‘f‘ilggi:désrahpgnahﬂ Fegd tlamdepor fge@esdi/ it ds an

opti num val ue. . )
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



Next, magazine M containing a |arge nunber of the
28 . above-nentioned lead franes L/F is placed on |oader 15 and said
‘magazine Mis restricted by an operator manually perform ng each of the
positional adjustnents of stocker guidg7z24b and restricting nmenbers 25c
and 25d. Furthernore, at this tine, the position of said restricted
magazine Mis adjusted in the direction of width so that |ead frames L/F
~protruding fromthis nagazine M snoothly enter between both guide rails 30
-and 31. This positional adjustnment is performed by an operator suitably
turning knob 23 (see Fig. 5) to adjust the position of elevator mechani sm
base 22 equipped with each of the above-nentioned restricting nenbers.
I n addi tadvancesivietf riore tihes abbvea prédzedue g, ICadpustﬁene“ﬂy made to provide
clearance bet ween each of

incorporated into memory 8e, and then corrects any deviation

of IC chip 6 (Step 83). This involves, for example,

performing positional corrections by determining the

location 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 also corrected

Simultaneouslyh

Next, in Step S,, the location of lead 20 of the lead
frame L/F corrected in the above-mentioned Step 2 by control
apparatus 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 determined (Step S,).

Following completion of the processes of the above-
mentioned Steps S; through S,, ordinary bonding (Step S7) 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



restricting nenbers 25a-25d and magazine M so that raising and | owering
operation of magazine M by el evator nechanism 21 is perfornmed snoothly.
Adjustnent simlar to that of the above-nentioned |oader 15 is al so
performed for unloader 18. This then ca®l etes adjustnent of the transport
pat h.* The foll ow ng provi des an expl anation of bonding head 3 "and
the constitution including drive nmechanismb5 which perforns drive in the Z
direction. Furthernore, in the present enbodi nent., the constitution

i ncl udi ng bondi ng arm ' 29 41
and oscillating arm 42 is explained as bonding head 3, while the
constitution including oscillating frane 56 is explained as drive

- mechani 1 int Tieecond coerbard bat ) ydurnigigrkeatl t o eat bobondi A§edeViuce.

In this bonder, bonding arm 41, consisting of holding frame 4la and horn
41b, is RfERPOREi IneeP AR BUIRN the 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 léast one
aréa, namely for each lead of a plurality of leads. In
addition, although this preliminary incofporation of a
second bond point (Step S5)umay be performgd during lead
location as in the present embodiment, it may also be
perfofmed in a different step.

Next, when this'second bond point preliminary
incorporation (Step S5) is performed, pfeliminary image
incorporation of a first bond point, namely pad 6a of IC
chip 6, is performed and stéréd 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



shaft center of support shaft 43 together with oscillating arm 42 as shown
in Fig. 8 This bonding arm41l is securely fit onto support shaft 43, and
oscillating arm42 is fit onto support shaft 43 so as to oscillate freely.
This support shaft 43 is equi pped on an X¢ table and so forth not shown
able to nove two-dimensionally. Furthermore, an ultrasonic vibrator (not
shown) for applying vibrations to horn 41b is incorporated w thin holding
frame 4la. Sol enoid 44a and el ectromagnetic adsorption piece 44b are
mounted in opposition to each other on oscillating arm42 and hol di ng
frame 41a, respectively. Wen bonding arm41 is oscillated, current is
supplied to solenoid 44a froma power supply not shown. As a result of
adsor.pti oprédbinénthgn ilbeiorpopradduced f Hetnstemnsb|ssrmmt Lendirgoints be

el ectromagneti c adsorption piece 44b, said bonding arm 41 and oscillating
arm 42 arpenficomefly dedaplied wnﬂarﬁﬁxéwngt@menﬂﬂmmxuﬁe %ﬂFQKﬂQBQE®¢e

sto er
PP 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 bondlng point (Step S;g) to perform a series of
automatic 1nspect10ns. Once the above—mentloned series of
inspéctions is cbmpleted, 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



46, held in pl ace by screws and so forth is provided on oscillating arm 42
to prevent adsorption in excess of a prescribed distance. 1n addition,
magnet 45a and coil 45b are respectively nmounted on oscillating arm42 and
holding frame 41a at a location to the f40ont of the above-nentioned
el ect'romagneti c adsorption device. Magnet 45a and coil 45b conpose a
devi ce that produces adsorption force for nmaintaining the end of bonding
arm4l, nanely the site where the bonding tool in the formof capillary 2
is held, downward as shown in Fig. 8. In addition, clanp arm48 is
provided on the end of oscillating arm42. A clanping device in the form
of clanp 48a, for gripping wire 49 by an opening and closing mechanism
not showautompddedldly @egdloamding, isispesd igmd of tdprrtedaiRIrfbriggt &i ng
said wire 49 using a nethod to be described later, is provided on the end
of said EP&fpTaes ragben piadeinding operaitdoms @l RE BMP HRe deOREEnEn t he
form of _electric torch 50 is arranged bel ow capil]|ar % on a vertical
shaf t noﬂn§98w1i1§6‘sa§tt Jlﬁ‘@datilné'etr&arlét e Wy H’éld-asc‘%i MNO? an actuat or
and so forth'F%%td1§|%ﬁ£§£§:t %r%gt%gls 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 begin 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 Sg,)-. Next, a specifiec

image is incorporated (Step SSc) after which said camera 1

begins to move to the next image incorporation point (Step

Sgq)- Next, training is performed in Step Sg,, namely the

image incorporated in the above-mentioned Step SGc is stored

'in memory 8e (8ey-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



Is of a constitution such that it is able to rotate around capillary 2
acconpanyi ng novenent of bonding arm 41. This
31 electric torch 50 forns a ball on the end of wire 49 by applying
a prescribed voltage. In addition, an airdkension device 51 is arranged
above clanp 48a supported on a frane not shown. Said air tension device 51
applies a prescribed anount of tension to wire 49 by blowng air on said
wire 49 to keep it straight to the end of capillary 2 of bonding arm 41
at all times. This wire 49 is further wound onto spool 53 via guide 52. As
a result of the above-nmentioned air tension device 51 blow ng air through
a nozzle as shown in Fi%..s, a prescribed amount of tension can be applied
to wirePad sifeaadrtl6ad RilFe- 49F8AShBEMPES .02 iith rRe! igvkivar d direction
of Fig. 8 by suctigning through a.-nozzle of air tension device 51.

incorporation proceedS in accordance with a predetermined

number of pads or leads when so speéified.

Next, although the'inspection shown in Fig. 11 (Steps .

_88;810) refers to the inspection process performed after

bonding, a process similar to the above—mentioned Steps

SGa”SGd are repeated for each inspection process followed by

performing the inspeétion in Step Sgg. This inspection is

repeated for the above-mentioned image.érea, namely the

entire wire portion within a single image (an entire wire

portion refers to the pad, lead and wire connected to them),

an inspection is then performed within the next image area

following completion of the above-mentioned inspection, 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 following the process shown in Fig. 11.

Furthermore, in the case the recognition device

including camera 1 and image recognition apparatus 8 is of

high accuracy, preliminary incorporation as claimed in the



As is also shown in Fig. 8, support shaft 55a is provided on the rear end
of oscillating arm42. Armside camfollower 55 and oscillating base 56a
are allowed to rotate freely around this support shaft 55a. One end of
beari ng guide 56b is nmounted on oscillatgﬂg base 56a, and pre-loading arm
56d i's attached to the other end of bearl g guide 56b via support pin 56c
so as to be able to rotate freely. Support shaft 57a is provided on the
free end of pre-loading arm56d, and camfollower 57 is attached to said
32 support shaft. 57a so as to be able to rotate freely. A tensile
spring in the formof pre-loading spring 56e is spread between the end of
the pre-loading arm56d and the end of oscillating base 56a, and armside
cam f ol Iovesend iaventaonfoketdwenl $7baree pfessed ont phatecdanmepbifgce in the

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



formof the external surface of cam 58 fornmed roughly into the shape of a
heart. Furthernore, the two contact points wth respect to armside cam
foll ower 55 and cam 58 of cam follower 57 are |located on both sides of the
center of rotation of said cam 58. 43A frame structure is fornmed by
this*oscillating base 56a, bearing guide 56b and pre-loading arm56d. This
frame structure is generically referred to as oscillating frame 56. A
constituent nenber of oscillating frame 56 in the form of bearing guide
56b makes contact with the contour of radial bearing 60 attached on cam
shaft 59 onto which cam58 is fit FurthernDre cam 58 rotates by torque

applied to camshaft 59 by notor In addition, the helght of a - bondi ng
tooI||1%9ﬂ§?9ﬁrﬁ%ﬁCQ%ﬁMQTeﬁgpipl%nd%f%ct%d bYamely ot APy S&F€oS6r not shown

o AT e e EGEH ol B AR AR HREEEL Y
point preliminary incorporation is recalled from memory 8e¢
'through 8en and compared with a newly incorporated image of
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



mentioned constitution, wire 49 is held with a bonding tool in the form of
capillary 2 provided on the end of bonding arm4l, said wire 49 is brought
into contact with the surface of the target pad or |ead, and a portion of
the wire in which a ball is forned on th end using said capillary is
crusHed foll owed by its deposition by thernoconpression bonding. At this
time, there are also cases in which wultrasonic vibrations are

simul taneously applied to the end of the wre. The foll ow ng

provi des an expl anation of the process by which this wire bonding is
performed using Fig. 10. When wre bonding is to be perfornmed on pad 6a on
IC chip 6 placed on bonding stage 7, capillary 2, through which wre 49,
havi ng athiesi Oudipuied | tHerdath ofrdm simage e cognicl een raepgrgt yehdr ge devi ce
not shown, is passed, is positioned by novenent of an XY table able to
move t waEdiete fTorRt t ingawe onf aheeXaioravat #dh Y bhs a .chkkhaugh §R6wn in
Fig. 1. Following this positioning, capillary 2-is |owered as_indicated in
steps (1P%tEr S§die (B VttaEaned 100 tide Farh ahee bl datd the will

above- nmenti oned pad 6a and perfor .
erélnaé%er éﬁmply e reggrrgd 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.



t her noconpr essi on bondi ng. In this-process, bonding arm 41 shown in
Fig. 8.is ' 34 | onered and
moved at hi gh speed fron1step (1) to step (2) and noved at | ow speed from
step (2) to step (3). Canp 48a is openeﬂ this tinme. Next, when
connection to a first -bonding point is conpleted, bonding arn141 I's raised
upward, nanely the direction of the Z axis indicated in Fig. 8 wth

clanp 48a remaining open fromstep (3) to step (4). Wre 49 is then pulled

out with clanp 48a still open followng a prescribed |oop control . .as shown
in step (5). This is then connected to a second bonding point in the form
of lead 20 as shown in step (6). Foll ow ng this connection, clanp

48a cl oses afte(r3)\MD%tef21191%§ﬁ)étﬁilplﬂqC@d1cﬂn by a prescribed feed amount f

“from
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



the end of capillary 2 as indicated in step (7). Wile still in this
state, wire 49 is cut as indicated in step (8) in the process of bonding
arm 4l further rising to a prescribed height. Ball B is again formed on
the end of the wre using an el ectricaldaedi scharge device in the form of
el ectric torch 50 foll'owed by returning to the state of step (1) with
clanp 48a open. Wre bonding is thus performed by this series of steps.
However, although ordinary wire bonding can naturally be perforned in a
bonder having the constitution as
35 descri bed above, a characteristic of the bonder as clainmed in
the present invention is the equi pping of said bonder wth an automatic
I nspect itdre flenfict isoitle The fotdovd gt [pfoVvides tare evel anatgon whitde
automatic inspection function. as clained in the present invention.
Furt her ridyee resfiemence point with respect to the ball on the right

side is similarly located at L/4 from the right edge. The

amount of deviation from these reference points is then

calculated. 1In addition, in the case of three bonds are

made on the rectangular 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

processing is similar to the case of two bonds described

above.

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 the result of detection, control apparatus 13

emits an alarm from an alarm apparatus not shown and/or



this automatic inspection function can primarily be divided into automatic
i nspectjon functions for a first bonding point in the formof an IC chip,
a second bonding point.in the formof a lead, and a wire connected between
said first and second bonding points, t4we follow ng explanation is
provi‘ded for each of those individual functions. Furthernore, in the case
of perform ng wire bonding using a bonder, self-teaching is perforned

whi ch sets the various condition$ and data of the coordi nate positions of
a first bonding point in the formof.pad 6a on IC chip 6 and a second
bonding point in the formof a lead 20 and so forth. Thus, prelimnary

data for bonding is stored in nenory, including various inmage data stored
i n nmenoryo8ef {8g[ ehe] oberadper uk)ingnd viatiousaposht demakedatiahand dg forth
stored in control apparatus 13. Therefore, the foll ow ng provides an
expl anatd bsip bdy &ng autmnaumorlnﬁpefbuanwédnbslentomathea¢a$es©bppen§orn1ng
wre . 36

. the apparatus. "Even if within a predetermined range, in

order to have ball location approach the desired ball
location, effectlve data is fed back to control apparatus 13
followed by accumulatlon 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 specifiad de£ection area
(Step S20). Next, an evaluafion of whether a ball is
presept in made 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



bondi ng using the bonder as clained in the present invention. "To
begin with, as showmn in Fig. 11, lead frame L/F is transported onto the
bondi ng stage from | oader 15 (shown in Fig. 5) (Step [err]). Wen this is
conpleted, lead frame L/F is positioneggby |ead frane clanp 28 shown in
Fig.-6. Next, control apparatus 13 shown in Fig. ‘1 drives drive apparatus
12 based on position data stored in nenory in advance, nanely the.

coordi nate position data of transported lead frane L/F and noves XY table
4. A second bonding point in the formof lead 20 is then photographed by
canera 1 positioned over said lead frane L/F, and the inage of said |ead
20 is incorporated. |Inage recognition apparatus 8 natches the reference
positi onskaf bing Fead 2Bestenedri nf AeBDiynen advanedewehket.he i mage data
new y incorporated into nenory 8e and perfornms positional correction of
‘the entGComsé¢quentilyhi hheheehéad bfabel(Stiepe82Firthindeirencgleves, for
exanpl e, correction of any deviation in the horizontal two-dinensional

di recti ofsn@éentptbeni dATX Ridcapidderyn2y. 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 camerail 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. Therefofe, 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 locatioﬁ equals

pad center.



I C chip 6 is also photographed and that inage is stored in nenory 8e.
| mage recognition apparatus 8 then matches the reference positional data
of 1Cchip 6 stored in nenory in . : . 37
advance with the positional data of IC cdep 6 newwy incorporated into
menor'y 8e, and then corrects any deviation of ICchip 6 (Step [err]). This
I nvol ves, for exanple, perform ng positional corrections by determ ning
the |ocation between two points of 1C chip 6. Since the |ocation of pad
6a within IC chip 6 has also been stored in nenory in advance, by
perform ng positional correction of this ICchip 6, the location of pad 6a
Is also corrected sinultaneously. Next, in Step [err], the location
of | ead 20Bof Inbpekéadn htameSkcbndoBoedied Poiblte above-menti oned Step 2
by control apparatus 13 is determ ned, and the anount of deV|at|on from
(1) Indentation Presence Inspectlon .
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
indentation bonded within a range specified from control
apparatus 13 by movement of camera 1. In the case an
indentation is not within a certain rénge, 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
‘device 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

detected. The size of the stitch within a certain range

specified from control apparatus 13 is detected in the L and



the reference | ead location stored in nenory in advance in control
apparatus 13 is determ ned. Each location for each |ead 20 to be bonded is

then determned (Step [err]). Fol | owi ng conpletion of the processes
of the above- nentioned Steps [err] thggugh [err], ordinary bonding (Step
[err]) is perfornmed. However, -t he bonder having an automatic

I nspection function as clained in the present invention also performs the
foll ow ng processes. Nanely, sinmultaneous to determ ning the coordinate
position of a second bondi ng 38
point (second bond point) during |ead I ocation of Step S4, prelimnary
I ncorporation of the imge of lead 20 is perforned and stored in either of
menori ey [dérele ttilmeughr dspedt ivafl st mage mecogm t i oh epparat Us 8TBsep S5).
Al t hough this

data is then returned to control apparatus 13 via control

circuit 8f. In the 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 automatlcally stopplng the apparatus. In the

case stitch size is within a certain range according to the

result of this detection, effective data is fed back to

control apparatus. 13 followed by accumulation and

statistical processing. Bonding parameters such as

ultrasonic wave parameters, load parameters and so forth are

then corrected and updated to obtain the intended stitch

size.

(3) Inspection of Stiteh Location
The location of a stitch is detected that is bonded at

a second bonding location. Namely, the size of an

indentation is detected at least two-dimensionally in the

hofizontal directions by ﬁovement of camera 1 to determine

the center of this indentation. This is taken to be the

stitch location. This stitch location is, for example,



I mmge nmay be stored for each | ead of the above-nentioned lead 20, it may
be incorporated into nmenory for at |east one. area, nanmely for each |ead of
a plurality of leads. In addition, although this prelimnary incorporation
of a second bond point (Step [err]) mayshe performed during lead |ocation
as irn the present enbodinent, it may also be perforned in a different

st ep. Next, when this second bond point prelimnary incorporation
(Step [err]) is performed, prelimnary inmage incorporation of a first bond
point, nanely pad 6a of IC chip 6, is perfornmed and stored in either of
menories [err] through [err] of inmage recognition apparatus 8 (Step
[err]). Although this data may be stored for each of the above- nentioned
pads 6a detleCted plrg, the fraym bef | toorgporat e § ey i atermsy  HlorimattHeedst one
area, nanely a plurality of pads. Follow ng conpletion of these steps
[err] theadgly [ddrnect o te—d sngns forakely (1St e 1 )zomi@lt hernore, si nce.
it is only required that incorporation of data for |ead Iochatni on and

39 directions from the lead center, and this data is the
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 corpection
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



prelimnary incorporation of first and second bond points be perforned,
data for a first bond point may be incorporated first. Next, after
bonding is-conpleted, inspection is perfornmed after the inage of the first
bond point is incorporated (Step S8). Ngxt, the inmage of the bond point

I's incorporated again and an inspection is also performed (Step [err]).
Foll ow ng this inspection, a |loop inspection is performed on the wire

bet ween the first bonding point and second bonding point (Step [err]) to
performa series of. automatic inspections. Once the above-nentioned
series of inspections is conpleted, the next lead frane L/F is.
transported and a simlar operation is performed. Furthernore, since it is
only reqeires¢nceati napgrdetdmraeger ibad fin stllarfPae okl ®ofEF H8 pbf nt s and
-the |l oop inspection be performed, these inspections need not be performed
in the &eddorgedsHawthe feye afi programmpyngoigyhtidle Bt ofrkt FEli AspRcti on

function of the  bonder as clained in thelgfesent I nvention i? ?ongosed of
- inspection of (2) and stitch loca f {3) can

ion inspection o
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



t he above-nentioned series of processes, this automatic inspection
function can be used to performinspections in a bonding process using
vari ous nethods, such as by : : 40
automatically perform ng inspections afsgr predetermning a specified
nunbér of bondi ng operations or perform ng bonding inspections at fixed
intervals of time and so forth. Fig. 12 shows the details of the
i mage i ncorporation and inspection sequence shown in Fig. 11. For exanple,
if the entire pad 6a is not contained within the image in the case of -
phot ographing a first bonding point in the formof said pad 6a on IC chip
6 (or a second bonding point in the formof a |ead), the pad is
phot ogr dpfedshafor| basRpehiRgavhepbert Pendipgehapefeen Perfegmedyin with,
in &epéerq camera 1 noves to a_first
roperly 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 measured 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 point 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

there are cases in which the wire may make contact with an

adjacent wire and so forth, effective data is accumulated



i mage i ncorporation point followed by waiting for conpletion of novenent
of the. XY table (Step [err]). Next, a specific 1inmage is incorporated
(Step [err]) after which said camera 1 begins to nove to the next inage
i ncorporation point (Step [err]). Next,staraining is performed in Step
[err]", nanely the inage incorporated in the above-nentioned Step [err] is
stored in nenory 8e [err]. Hi gh-speed processing is perforned by noving
to the next imge point in Step [err]. A simlar process is then repeated
until the process is conpleted for all pads (or l|eads) by returning to
Step [err]. The above- nentioned prelimnary incorporation is perforned
for each : _ ) .41 pad si de and
| ead si derd Rtrathiertniores, meoak 7 iaid nisharer fameed pbe hi peadpbycoedsting
accordance with a predeternined nunber of pads or |eads when so specified.
Next, alafthdagh tifahdreding RavAme ter Figpd 190 (Gpepl so that the

amount of curvature equals zero.

C. Measurement of Initial Ball
The present invention is able to measure the diameter N

of an initial ball manually formed on an island and so forth

using a recognition device. Namely, the diameter of an

initial ball ap a location 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 data 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 respective centers of ball diameter and

wire diameterﬂ In the casé the ball center is at the



[err] refers to the inspection process perfornmed after bonding, a process
simlar .to the above-nentioned Steps [err] are repeated for each

i nspection process followed by performng the inspection in Step [err].
This inspection is repeated for the abo®é-nenti oned i nage area, nanely the
entire wire portion within a single inage (an entire wire portion refers
to the pad, lead and wire connected to them), an inspection is then
performed within the next inage area follow ng conpletion of the
above-nenti oned inspection, and this process is repeated until inspections
have been conpleted for all wires. 1In addition, this wire inspection may

be per oied, OFLY O B, SPESRhLES, [HIEL oL M ep of 2y B0l e, pRechll od
2L 0% ot S e kA2, hBA! BMATSRORRRLBERE SRRCL MBS s 1 anc
:ngpgfgﬁ%ﬁ%‘gn% afﬁ%gﬁgﬁ gﬁ"ﬁtgé fp&ghe&&ﬁ“&@ﬁ& RLeLhBL Rt Y rig.
20 based on the results of this measurement, 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.
T; 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 directionz
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



42 7 present invention need only be performed by photographing only
the state after bonding foll owed by recognition and inspection. Thus, the
prelimnary incorporation shown in Fig. 11.(Steps [err]) can be omtted
thus resulting in greater processing spgged. Al t hough t he above has
provi‘ded an expl anation of the series of inspection processes as clai ned
In the present invention shown in Figs. 11 and 12, since the autonmatic

i nspection function as clained in the present invention can be broadly
divided into inspections for a first bonding point, second bondi ng point
and | oop, the follow ng provides a sequential explanation of the details
of those inspections. Furthernore, although the follow ng explanation is
provi ded SBe¥niiRg Fd gpad (P be tlHe masagtic poRHE PRI HreandPRl feddifo be the
second bonding point as a general rule, these f n naturallx be_in the
reverse &P§efirectjion odhddis AFravs im g 'Bo‘rﬁj'%g i hge end of 1) gy |

Presence In ctio . .
cap%qﬁary % 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



An evaluation is nade as to the presence or absence of a ball which is
bonded at the location of a first bonding point follow ng photography of a
‘first bonding point in the formof pad 6a by canmera 1. This evaluation is
made with ' 57 43 control circuit
8f shown in Fig. 2. Nanely, in Step S6 shown in Fig. 11, the inmage stored
in menory by first bond point prelimnary incorporation is recalled from
menory [err] through [err] and conpared with a newy incorporated i nage of
pad 6a of a first bonding point. At this tine, control circuit 8f detects
whet her or not there is a ball that has been bonded wthin a range
specified fromcontrol apparatus 13. In the case in which bonding of -bal

B has shi ftagd retdiralsl yndde ronidiexb lon @eahgad asnd hoswd i prévigded3jtthe resul t
of detection is judged to be defective. Control apparatus 13 then enits
an al ar m Widihianh tdlearsaapparfat e roirsdolve fintieorpresent invention.

As is clear from the explanation provided abqve, the
present invention offers 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 wire bonder. Thus, there is no need to
enter new dat; and so forth. In addition, since the present
invention is able to automatical}y perform bonding

.inspéctions on an appargtus 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 advantage of being able to improve
the stability and reliability of the apparatus, while also-

being able to reduce space and cost.



notifies the operator using a notification device such as by di'splaying on
nmoni tor_ 10, followed by automatically stopping the apparatus. (2)
'Inspectlon of Ball Conpressed Di aneter In the present invention, the
-size of a ball bonded at a first bondinQSSite i s_detected. In other mords
the size of ‘ball B (shown in Fig. 14) is phot ographed wi th canera I‘ in a

range specified fromcontrol apparatus 13 shown in T Slmﬂ as
dimensions in the X and Y directions are respectlve ! nd t hat

data is returned to control apparatus 13 via contro Contr ol
apparatus 13 en out puts
the data | mage recognition apparatus 8 after convertlng I nto, for
exanpl e, éggﬁ units Al though the data here is obtained in the form of
pi%el daH? Ih w1re bonder that 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 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,

IR ) DA )



hereinafter sinply be referred to as data. In addition, this inspection is
not perforned in the case a ball is evaluated as being absent in the
above-nentioned ball presence inspection. In addition, in the case of bal
size not being within a certain range apgording to the result of -
detection, nanely the ball size is not within a pre- determned range as a
result of, for exanple, performng bonding at a ball size entered froma
keyboard, control apparatus 13 emts an alarmfrom an al arm apparat us not
shown and/or notifies the operator using a notification device such as by
di spl ayi ng on nonitor 10. In addition, even when ball size is within a
predeterm ned range, in order to have this ball size approach the desired
bal | sizeherkahl, seaipr dgsiven dbivanet drs dativers Hdaatbdbaok domtaonts o rom
apparatus 13 followed by accunul ati on of effective data and statistical
processi AgildBerditng lpalearigtear ssa iidnglnidienglevilde asvifit vwve st cad
paraneters, are then corrected and updated so that ball size becones the
desir ed Egppndcgﬁﬁpéggi@pyﬂgﬂﬁﬂ(ghe 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
mechanism 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 edujpped with a recognition device that

includes a camera and memory, a control device that performs

A



45 (3) Detection of Ball Location The first bonding
| ocation, nanely the |ocation of a ball bonded on pa Chl
detected. Canera 1 detects the |ocation of the ball mn Q a ran

specified fromcontrol apparatus 13, na@®y the anDunt 1¢M
the X and Y directions frompad center Pc (said data is"’
in advance) as shown in Fig. 14, and that data |-s retu

~.apparatus 13 via control circuit 8f. Ball center is then detern1ned
fromthe data obtained by photography with canera 1. The amount of

deviation in terns. of XY coordinates of this ball center Bc from pad
center Pc is determ ned and corrections are nmade so that both agree.

However , Yﬁrfﬂﬁscﬁgﬁtfﬁésa56§§dnﬁﬁtFBﬁeEVﬁéHaGéOPsfm&m %%thly a square,

but rather_a rec ar nber of baII onded on that pad
frrst det BET a7 48t ﬁgﬁﬁvﬂ e'FFBQ rh??e?@?éﬁ&e § ? %5ﬁ1%ﬁu§§éhlPs thn

CalcqlatQHecﬁ£89£ﬂlﬂgsE8 EHanHmQRSQ QLOQaLL§dag%n Q%l %FQHQﬂan

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 discrepancy, 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

A



deviation fromthat point is output. For exanple, in the case two bonds
are made.on the rectangul ar pad showmn in Fig. 15(A), since the length in
the horizontal direction of the pad i's L the reference point with respect
to the ball on : heet Has Been Replapedf t
side i's located at ‘L/4 fromthe left edge whlle t he r mnsu"ﬂ W th
respect to the ball on the right side is simlarly |oc m t he
ri ght edge. The anount of deviation fromthese refefence points |s t hen
calculated. In addition, in the case of three bonds are nmade on the
rectangul ar pad shown in Fig. 15(B), since the length L of the pad is
stored in nenory in advance, the anounts of deviation fromthe reference
poi nt Wi tépeespeetl ihoatiRankef anddblr, cehak rWwnlsh ohespad Ioxddwowentral bal
and- that with respect to the right ball are calculated. O her

g. A wire bonder eguipped with a recognition 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
tbe 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,land_
notification is performed by notification device and/er 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
centrol device that performs various controls besed on the
evaluation from said recognitioﬁ device, and a drive device
that drives each mechanism based on commands from said
control device, wherein,.a first or seeond'bonding point in
the form of bonded sites is photographed by a photographic
deviee based on commands from a control device, inspection

is performed as to whether a ball that has been bonded is
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processing is simlar to the case of two bonds described above. In
addition, in the case a first bonding point is a |ead '
the pad is not detected, the anount of deviation is detﬁ{,srghgé@qaqgm R6eq

coordi nate position speC|f|ed fromcontrgh apparatus 13.
I nspection is not perforned in the case it was tent atlve Il ’IMtat

there is no ball in the ball presence inspection. In the

of ball deviation is deternmned to be outside a certain range according
to the result of detection, control apparatus 13 emts an alarmfrom an
al arm appar at us not shown and/ or 47

notifies the operator using a notification device such as by displaying on.
nonitor lrdésdhowedtibinaut opati todd yraigppithp tdeatippar apasifiBdedni f
within a predeterm ned range, in

advance and/or centering on said location, and inspection of

ball compressed diameter is performed when a ball is

evaluated as being present.

11. 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.

t 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 *



order to have ball |ocation approach the desired ball Iocatlon effective
data is,fed back to control apparatus 13 followed by.accunuLaLLgn~and___
statistical processing. -(4) Fig. 18.is a row1ch t

i nspection sequence at a first bonding &3%te. To begin o qﬂwnﬁglmmd
i nstructed to performinspection of a first bonding site

apparatus 13, canera 1 noves and the presence or absenc :
i nspected at a specified detection area (Step S20). - hbxt., an evaluatlon

of whether a ball is present in nmade by control circuit 8f (Step S21). In

the case a ball is evaluated to be present, ball external circunference
Is detected (Step S22). Ball diameter is then calculated fromthis

det ect i ofi°BP SFFEGnPéF§WE€I(§Péﬁ' &8 St?&%&L1QﬁﬂIpT?ﬁﬁﬁsb??c%h?erence is

detected (Step S24 | at IIIt S25). In detect

of bal | PFRREPTER, ¢iFrace %aﬁﬁﬁf‘wqr%%aﬁ 05 60 of ki 1 ary 2
ins {gll d th f | d f or med

AR U T A S gt ”%o@s%‘ﬂh'” B thecent er

of the b@h&p@ﬂ%?%n O%C%ghqr%gﬁ%ressed diameter is 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
dgvice 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 specifiéd in

I
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Conseque
capill ar
Feedback
exanpl’e,
center o

shifting fromthe center of its inner circunference.

Rtly, the center of ball inner circunference T{indentat+on—teft—by
y 2) is detected when <calculating ball |ocati om,sSheetHasjﬂi) chd

Processi ng of Canera Tool Distandgd (CTD)
di stance S between the center of lens |Ib of ca
f capillary 2 is stored in nenory in advance in

in the X direction (data in the Y direction is also set simlarly) as

shown in
case thi
even tho

Fig. 1 in the bonder as clainmed in the present +invention, in
s distance is displaced due to nmechanical error of the bonder,
ugh bonding is perfornmed, there are <cases in which there is a

t he

const ant t&fGRRES ¢@¢/bonq¢ﬂgerengbenpeﬁi@rheqaﬁhpah padskpfiled oo tign X
and/or Y direction fromthe proper.bonding |ocation. Therefore, in such

cases,
functlon

t hES fiekemteBohfen AsSBAGEpped WPEAL AanabY ofdd Ac costradt Mgy ice

in which these ampbunts of devjation are
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 center of a pad

in the form of said first or second bonding 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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accunul ated, statistical processing is performed on that data, and

corrections are nmade automatically by correcting and_updating—the Tanera
tool distance (CTD) or individual bonding reference CoRl h&@ﬁgge‘&g{eﬁah@ﬂ

ball | ocation equals pad center. 65
49 : B. Inspection at a Second Bondi ng Poi nt \“m““ on
Presence | nspection An evaluation is nade as to V\/n |s an

i ndentation of capillary 2 bonded on a second bonding point in the form of
| ead 20 as shown in Fig. 16. Nanely, detection is made as to whether there
is a capillary indentation bonded within a range specified from control
apparatus 13 by novenent of canera 1. In the case an indentation is not
within a e¥plupfipandeonf spidxanpPenifiloni Aeyisiengle@dsd ek vaadeyiesult of

this detection,
that drives each mechanism based on commands from said

control device, wherein, a first or second bonding p01nt 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.
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control apparatus 13 emits an alarmfrom an al arm apparatus not shown
and/or notifies the operator using a notification device such as by

di splaying on nonitor 10, followed by autonmatically stopping the
apparatus. This is because this indicatgg the possibility of the wire not

bei ng‘securely connected to the |ead or the capill ary—net—+eachingthe
| ocation of the |lead and so forth. (2) Stitch § %hwﬁ&%m@ﬁifd

As shown in Fig. 16, the size of a stitch (crescent) ond
bonding point in the formof |ead 20 is detected. The E E “ itch

within a certain range specified fromcontrol apparatt ed in
the L and ' 50. Wdirections,
respectively, by novenent of canera 1. This data is then returned.to
control apparatus 13 via control

¢

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



circuit 8f. I'n the case stitch size is not wwithin a certain range, for
exanple.within a single screen, as a result of this detection, control
apparatus 13 emits an alarmfroman al arm appar at us ng__shgmn_andLQL____
notifies the operator using a notificatiggn devi ce such as b on
moni t'or 10, followed by automatically stopping the app ' lac se.
stitch size is within a certain range according to the “l

detection, effective data is fed back to control apparat by
accunul ati on and statistical processing. Bonding paraneters such as

ul trasonic wave paraneters, |oad paraneters and so forth are then
corrected and updated to obtain the intended stitch size. (3)

| nspect i dmsglectijarcipfl crtaitian size isheedfopmedbrsofasn toieehlistdet ect ed
that is bonded at a second bonding |ocation. Nanely, the size of an

i ndent at & tihe rydradt et idich esisze tifo-wi e itede fermheedhat i 2oht al

- directions by novenent of canera 1 to determne the center of this

i ndent at i37€ BA™ESs taken to be the stitch location. This stitch |ocation
is,

for %%QWp%%e 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 within 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 stiﬁch 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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center
circult

detected in the formof the ampount of devi ati the X and
Y directi ons two-dinensionally in the horizontal dlrecﬁt 3T fromthe

, and this data is then returned to control appar e@R
' it 8f. In the case the. Iead | $8f a conplex s
be specified in the width direction, it is of an exc

éa Ol
nnot
Si ze

and it cannot be detected in the mﬁdth direction, the anpbunt of deV|at|on

is calculated from a |ocation specified in advance fromcontro

13. In the case the result of this detection is not within a certain
range of deviation, for exanple, not within a single screen, control

apparatus 13 emts an alarmfroman alarm apparatus not shown -and/or .
notifies evel opeianofrosi ngid recbghitadnodedeveceandch dsihg dieyilcayi ng on -

noni t or

10, followed by automatically stopping the apparatus.

addi ti on, tha¥ edtives daeahi meghaniphabagednan sommpndpcAropr §@ddsing i s
perforned foll owed by correction

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 bonded 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 set forth in claim 28 wherein said
detection 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 celculate the

amount of'deviation between the said stitch locafion and the

In

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

appar at us

A



and updating of the canera tool distance (CTD) or individual bonding
referenge coordi nates so that stitch location equals the |ead center.
Furt hernore, although stopping of the apparatus and so—ferth-is-stored in

menory in the case an indentation is evakgated as bEIngnﬁR§ n

i nden%/at i on ' get ﬂ ﬁ‘eenﬁe iaced
|nspect|on descri bed in (1) above, processing is perfornt"ﬂ iﬂ
progranmmng so that the stitch size inspection of (2) an

i nspection of (3) can be suitably conbined even in the case the

i ndentation is absent. (4) Wre Presence Inspection In

addi tion, an eyalugtion is made as to whether .a wire that has been bonded-
to a secondtbdhdptigonodat penfosmpAebene notifibsehionTHevicesamse/adr absence

of awire is detected that has been bonded within_ a range specified from
control the apparatus is stopped when said deviation is evaluated as

being outside a predetermined deviation range, and
acchmulation of said data and statistical processing are
performed when within said predetermined deviationlrange.
32. A wire bonder eduipped with a recognition devicé, a
A control device thét performs various controls based oﬁ 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 bondiﬁg'reference

coordinates are corrected and updated. so that said indentation
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apparatus 13 by novenent of canmera 1. This detection is perforned because
there ar.e cases in which the wire is not connected even t hough both an

i ndentation and stitch are present. In the case a wirh as ace
certain range, for exanple within a singl®. screen, acco m Miﬂ}'ﬁlesult
of this detection, control apparatus 13 enits an alarn1f

appar at us not shomn and/or notifies the operator wusing a notification

devi ce such as by displaying on nonitorr 10, followed by automatically
stopping the apparatus. This inspection is able to detect bonding

m sattachnments, including broken wires and m sattachnment, w thout making

di hi h h h
St (RERLeAPobehabaPn e P ARG A oo o
properly gglngTﬁﬁt&ngpgongg&cgrrg?&oe etﬁognprege&a@ Sl ce there are

cases in which nspec
spec1f1ed location is the center of a lead.

34. A wire bonder equipped-with a recognition device, a
control device that performs various controls based en 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 eites is photographed by a photographic

.device baeed 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
evaluatien 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 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

R R



I nduces damage to the sem conductor and so forth, this nmethod is able to

perform eval uations w thout making contact. 5>—Loop lnspection
In the present invention, the amount of curl of a bo can be
measured near the nidpoint of a wre. 71Ioop speC|f|e

- apparatus 13, for exanple, a loop within a certain are p0|nt
of a wire connecting a first bondi ng point and second -

detected by novenent of canmera 1 followed by out put of dlstance dat a from'
the m dpoint of . the |loop. Wen the amount of curvature is not within a
certain range, for exanple, mﬁthin a single screen, according to the

result of this detection, cont aratus 13 emits an_al ar from an
al arm ap;ﬁ’éﬁ?ﬁi’st o't P}blhrbvﬁ'l i eﬁ’lot |‘$'1gees 8tuthea olpcé‘faa{ of" TRY b jed in
notlflcatlon deV|ce uch_ as, by. di spl ayi.ng ,on nonitor | 1 d by

aut omat i céjl I oppllzog t%een%ep%largatdas ot |‘$lcl°catthe°r%’ a‘%%é%%ggegnl ér}]}‘*’eml ch the

wire Y o J%%r?eq{t Wi d hy e o Al ACeHa W& ANtk 8064 0{ L hpe pEEEGLYVE data

S accurm ate
by a notification device and/or said apparatus 1s 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 devicé based on commands from said coﬂtrol
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



54 and statistical processing is performed foll ﬁed by updating of

i ndi vi dual bondi ng paraneters and so forth so that the _ampunt of curv e

equal s zero. C. Measurenent of Initial [ Thé%j idies Bedn\Repliced N
I

is able.to neasure the dianeter of an inittral ball manu an
rligpf an
d

island and so forth wusing a recognition device. Nanely,
initial ball at a location specified fromcontrol apparatus 13 1S cte
by movenent of camera 1 followed by output of that data. In addition, in
the case ball dianeter is within a predeterm ned size range, this
effective data is fed back to control apparatus 13 foll owed by

accumul ati,gn, and. SLetl st cgloproressing, . The, oubput 43t a ban dng 1
e ec

el ectricalPtdist arge vice in e fornrof an e rictorch™is corrected
S0 t hat t*ﬁ%&eﬁ’ioé’%‘:‘&/&ﬁ @QnQQPIR%iW %Ei’&CFoJ:QtiEH? HREELQf; ofeyoard 19
equal s ball size. In additron, the present 1nvention neasures the_
' 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
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dianeter of an initial ball at a |l ocation specified from control apparatus
13 and the dianmeter of a wire on which- this ball is formed by novenent of

canera 1, followed by determ nation of t respective centers of bal
dianeter and wire dianeter. In the case thhe ball center -i ShigShettfigs Been Replaced

55 ° location of [err] nanely the location at which the m‘l Hnulm

dianeter [err] and the inherent ball center Bc are not ali HM'
shifted fromeach other as shown in Fig. 20 based on the results of this
measurenent, this nmeans that the ball. is deforned with respect to the

wire. Thus, the quality by which the ball is fornmed can be eval uated by

cal cul atlglg%;gﬁ ggpw]hegf IBQ %19?\“ ation between the center of wire
an a

. di aneter cente -~ The follow ng provides an expl anation
of rreasurﬁstentAo&irtehbana@hy e 1Bkl WHErR9nFal£i}8t 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

A A



To begin mﬁthl air is blown fromair tension device 51 in the direction

I ndicated with an arrow as shown in Fig. 19(1). Slnce*c#aﬁp—&ﬁa—hs—akse
open at this time, a ball forned on the end of a wire msh@emas(ygmt

of a capillary. Next, air tension devi @& 51 is smntche a|r
cand wire 49 is fed in the downward direction indicated
shown in Fig. 19(2). Then, as shown in Fig. 19(3), cla shomn

in Fig. 19(4)) after wire 49 has been sufficiently fed domnmard to t he end
of capillary 2. In the process through Fig. 19(5), .simltaneous to
| owering of bonding arm 41 shown in Fig. 8, XY table 4 is driven and

Contr0||§Q18°a§§a§@t%%aqg Enﬁmﬁk@t%hen said amount of curvature is
56 shown in Fig. 19( U trasoni c waves are then applied in the

directi oaueélabeaam@muer}nﬁlr&d F362k ,t eatileqard ¢k acapiduiared? i | e

still in this state resulting in
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 forﬁed 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

’ * c L M S *



connection of the wire and a lead (or island). Next, as—shown in Fig

and canera 1 is positioned above ball B. 7ig. 20 shows a

of this state. As a result of enploying such a nethod, baI
phot ogr aphed using the recognition device as clained in the present
i nvention thereby all owi ng nmeasurenent of the dianmeter of the initial

ball. Furthernore, it goes without saying that the timng by which clanp
48a i s opened and closed can be suitably varied. In addition, although air
tension deV|ce i3k d sed in the presen devi ce which

L
Fe reont evjlcc%l’n HEUWHITY (%ee"“s%l }éﬂ)tr yp%%é\%a'és Wiy anot her

f eeds out t Qﬁ

appar at U3 LAY ALY on vne RELNGIIRLS. rRld NouED Sl{sgti e ata i

accunul af e processe € presen t he

above- rrearewqra%d leoﬁclwevedéi@f@e "Ba &l B RS TEE DA 1 GF tased Ty pddi L on,

al though the priesent invention has an automaiic | nspectlon function as
descri bedoaR¥fis tf¥dim said control device, a bonding head equipped

19(6), clanp 48a closes at the point capillary 2 rises r S| .
severing of wire 49. Next, as shown in Fig. 19(7), XY ta mﬁﬁﬁﬂ

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

R



57 may natural ly be suitably changed and used prméiSH&ﬂHistBeénﬁzeﬂMéehhi n

the scope of the purport of the present invention. rom
‘t he expl anation provided above, the present invention o HHM&H’& Nnt age
of being able to effectively utilize posi%3onal inform _
coordi'nates and so forth that have been stored in advance in the nenory of
‘a Wi re bonder. Thus, there is no need to enter new data and so forth. In
addition, since the present invention is able to automatically perform
bondi ng inspections on an apparatus w thout using a separate:- inspection
apparatus, it offers the additional advantage of being able to effectively
use data by inmmediately feeding back said data to the apparatus even in
the case ptloboesls whigbhaawicenhecprepctdef Bheseingecar basd lafr&ggd o8 sai d
inspection. Finally, since adjustnent |ocations of the  apparatus can be
easi |y detdheri¢ed dy anybre, fedefpreseaid PAPEAPBONCALsdSoPlErsd g an

advant age of being able to i rove
9 aertragy Pocat?oqngy 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.

(LT



the stability ahd reliability of the'apparatué, while also ,being-able to

reduce space and cost. 58

CLAIMS - 1. A wre bonder for producing a |loop of a wire (49) bonded

at one end of the wire (49) to a first -bondi ng point, e.g. to a pad

(6a) of an IC chip (6), and bonded. at the other end of the wire (49) to

a second bondi ng poi nt, e.g. to alead (20), characterized by

(a.l) a phot ographi ¢ device (1) for taking images at

predet erm ned | ocati ons; (a.2) drive nmeans (12, 4) for noving

said raphi vice (1) to said predeterm ned

| ocat i ons;WIRE BONPETHI%W v&ﬁ“ﬁ ﬁ?&gﬁ)% HA apparatus (8) .for

receiving an output from said photographic device (1);
ABSTRACT

~ The present invention provides an apparatué and its
method that is able to effectively use positional dafa such
as coordinétes and so forth stored in advance in a bonder.
This Wire bonder is aﬁle 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 sites, or -a
wire spread between said first and second Bonding-points,
with the positioqal data into Whiqh said image data has been
incorpofétéd in advaﬁbe, and automatically perform
inspection and make correctioﬁs..

(Fig. 1)



(b.2) said i mage recognition apparatus (8) i ncl udi ng i mage

menory means (8e) for storing image data relating to a first
or second bondi ng point (6a, 20)-or to a wire (49) .
ext endi ng t her ebet ween; (b.3) a .control circuit (8f) provided in
sai d i mage recognition apb&t&tus (8) for conparing i mage
data stored in advance in said i nrage nenory
nmeans (8e), with newy incorporated inage data; and

~(c) control apparatus’ (13) for controlling said
phot ographi ¢ device (1) and said drive neans (12, 4), for
recei ving an out put of ‘'sai‘d i mage : recogni tion apparatus (8),
and for generating a correspondi ngi(yontrol signal. 2. A.

wi re bonder according to claiml, characterize

In that said contro
circuit (8f) is adapted to detect,

n said conparison of inage

data, if a ball (B) is present within a edeterm ned range at the

| ocation of said first bonding polint or n¢et. - 3. A wire bonder
according to claim?2, characterized in tAat i mage recognition
apparatus (8) i$ adapted to detect, basedjon said conparison of inmage
data, the _
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~di mensi ons of a ball (B).-' 4. A wire bonder according to claim3,
characterized in that data relating to the di nensions of said ball (B)
are fed back to said central apparatus (13) which corrects and updates

bondi ng paraneters such as uItrasonii wave and | oad paraneters when
sai d di nensi ons of said ball (B) atél8yal vated as bei ng outside
predet erm ned bal |l di nmensions. 5. A wre bonder to one of clains 3 to 4,
characterized in that said control circuit (8f) is adapted to determ ne
the center (Bc) of said ball (B), and to calculate the anount of
devi ati on between said ball center (Bc) and - the center
(Pc). of a pad (6a) at sai @first bonding poi nt . 6. A w re bonder
according to one of clains\2 to 5, characterized in that a
notification devi ce—s—provj ded which is adapted to issue a
notification if the |oeati ¢h © of the ball (B) is outside a
pr edet er m ned d@viatiog ange. 7. Awre di ng net hod conpri si ng
the steps of: > ~ P N '
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a.1l) photographing a first bonding site for obtaining an i mage

t hereof; « a.2) storing inage data of said inmage of said first
bondi ng site; - b) bonding a wire to said first bonding site;
c.1l) photographing said first bonding site where said wire has
been bonded for obtaining a newinmge 3/18 t her eof ; c.2) :
storing new i nage data of said new imge of said first bonding
site and said wire bonded thereto; ' and d) conparing said
i mage data and sai d new i nage dat a. 8. A wire bonding nmethod according
to claim?7, characterized by: : - phot ogr aphi ng a
second bondi ng site for obtaining an i mage thereof;
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- storing image data of said imge of said second ' bondi ng
site; « - bonding said wire to said second bondi ng site; -

phot ogr aphi ng sai d second bondi ng sitewhere said - Wi re has been
bonded for obtaining a new i nmage t her eof ; - storing new

i mage data of said new i mage of said 4/18 second bonding site and said
W re bonded thereto; and - conparing said i rage data and
said new i nage dat a. 9. A wire bonding nmethod according to claim?7,
characterized by det ermi ni ng based on the conparison of said i mage
dat a ‘W th said new image data, if a ball (B) of said wire has

been bonded to a pad (6a) as said first bonding site. 10. A wire bonding
met hod according to claim9, characterized by ) determning if
said ball (B) has been bonded to said pad (6a) at a specified |ocation
or in a specified range at gyl sai dF ocgi on. 11. A wire bonding"
nmet hod according to claim9 og%@,t s ckﬁara@tﬂeri zed by detecting the
size of said ball (B). ~ \ _
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62 12. A wire bonding nmethod according to claim9, characterized by

detecting the location of said ball (B) on said pad (6a). 13. A

wi re bondi ng net hod according to claimS8, characterized by _
detecting if there is an indentation on a lead (20) as . said second
bondi hg site. 14. A wire bondi ng nebKd8 according to claim13,

characteri zed by detecting the location of a stitch based on the

si ze of said indentation. 15. A wire bonding nethod according to
claim?9, characteri zed by detecting the size of 'a stitch on a

| ead" (20) as said second bonding site. 16. A wire bonding net hod
according to claim8, characterized by detecting if a wire which
has been bonded to said second bonding site is present within a certain

range or not.

34 37 '




17. A wire bonding nethod according to clainms 7 and 8, characterized by

63 . detecting the anount of curvature of said wre extending
fromsaid first bonding site to said second bondi ng site. 18. A
met hod of determning the quality of an initial- ball formed on the end
of awire in a wire bonder conprising -6/1§he steps of: .-

phot ographing said initial ball (B) and said wre; - determ ning the
dianeters of said initial ball "and said wire; - determ ni ng
t he respective centers of said ball di aneter and said wire

di aneter; and - determining a deviation of said center ([err]) of’

sai d bal | diameter with respect to said center ([err]) of

said wire dianeter.

31
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64 advance and/or centering on said |ocation, and-ball |ocation. 'is

detected:froma specified |location by said control device when a ball is
eval uated as being present. 16. The wire bonder as set forth in claim 15
wherein said detection of ball location is. performed so as to determ ne

the center of said ball by detecting th&/38ze of the ‘ball at |east

two-di nensionally in the horizontal directions by a photographic device,
and cal cul ate the anount of deviation between the location of said bal
center .and the center of a pad in the formof said first or second bonding
point. 17. The wire bonder as set forth in claim 15 wherein the nunber
of balls bonded on said bonded sites is detected in the case said bonded
sites are forned at ‘different lengths. 18. The wire bonder as set forth in
claim 15 wherein detection of ball |ocation is performed so that
notification is perforned a notjficatjon device and/or the apparatus

is stopped when said deviatioN'is éﬁaEEabed:as bei ng outside a
predet erm ned devi ation ragge, on of said data and

statistical processing ar%g erf N L\ ég-
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sai d predeterm ned deviation range. 19. A wire bonder equipped with a
recognit.i on device, a control device that perforns various controls based
on the 65 eval uation from
said recognition device, and a drive device that drives each nmechani sm
based on comands fromsaid. control 8é&¥Bce, wherein, a first or second
bonding point in the formof bonded sites is photographed by a

phot ographi c device based on commands from said control device, and

i nspection is performed as to whether a bonded indentation is present
within a specified range at a |ocation specified in advance and/or
centering on said location. 20. A wire bonder equipped with a recognition
device, a control device that performs various controls based on the

eval uation fromsaid recognition device, and a drive device
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that drives each nechani sm based on commands fromsaid .control device,
wherein, a first or second bonding point in the formof bonded sites is
phot ographed by a photographic device based on commands from said control
deviceé, inspection is perforned as to yhg her a bonded indentation is
present within a specified range at a Ioé ion specified in advance and/ or
centering on said location, and notification is perfornmed by a i
notification device and/ oY said appafatus is stopped in the case a bonded
indentation is evalﬂ%ted~as nou\beinb present at a predeterm ned

| ocati on. Wi re bonder as set forth in claim?20
or 21 wherein said e i ndentation of a bonding tool.
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22. A wire bonder equipped with a recognition device, a control device
that perforns various controls based on the evaluation fromsaid

recogni tion device, and a drive device that drives each nechani sm based on
commands fromsaid control device, wh dltlg a first or second bondi ng
point in the formof bonded sites is 51‘? gr aphed by a phot ographic
device based on commands from a control device, inspection is perfornmed as
to whet her a bond indentation is present wthin a specified range at a,
| ocation specified in advance and/or centering on said |ocation, and

i nspection of infentatfion had/dr st atech size is derferned. 23. The wire
_bonder as set forth in claii 33 yper eitna sdidn stitlch % the stitch of a
wire. 24. The wife bonder—as Ser fqrth In craim 22 wherein said
inspection of stitch size is perforqed so as to detect the size of the

stitch at | east tNo di lo‘pané(Sl e e, norizontlal directions by a
phot ographl c devi¢ 'f bo? % set fortH2in claim22 wherein
sai d i n xnatc ing)

IC chip position
detection (matching)
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i nspecti.on of stitch size is perfornmed so as to evaluate whether said
stitch size is within a predetermned stitch size range. 26. The wire
bonder .as set forth in claim22 wherein said i nspection of stitch size is
performed so that notification is performed by a notification device
and/ or the apparatus is stopped when Bbf¥8stitch size is evaluated as
being outside a predeterm ned stitch size range, and accunul ation of said
stitch data and statistical processing are perforned when within said
stitch size range. 27. The wire bonder as set forth in claim22 wherein
said inspection of stitch size is perfornmed so that notification is
performed by a notification device and/or the apparatus is stopped when.
said stitch size is evaluated as being outside a predeterm ned stitch size
range, said stitch size data is fed back to a control device, said stitch
size data is accunul ated and statistical processing is perfornmed-when

W t hin sai d( SrBa gc@ Sl ze rangpe0 ragdt bondl ng npda_r anmeters such

inspection sequence)

movement to first | _SEq
image incarporation

point
=
waiting for L —1S6b
completion of E)'
movement of XYtable
image L 1-S6¢

incorporation

movement to the next . SGd
image incorporationf i
point

training r~SGe
inspection —S6f

repeated for entire

wire portion within :

a single image " repeated until all
inspections have been
completed for all
wires

Fig.12




as ultrasonic wave and | oad paraneters- are corrected and updated. 28. A
wi re bonder equi pped with a recognition device, a control device that .
perforns various controls based on the

- 68 eval uation fromsaid recognition device, and a drive device that
dri ved each nechani sm based on conmand$2fi8m said control device, wherein,
a first or ‘second bonding point in the formof bonded sites is

phot ographed by a phot ographic device based of commands froma control
device, inspection is performed as-to whether a bonded indentation is
present wthin a specified range at a |l ocation specified in advance

and/ or centering on said location, and stitch location is detected froma
"~ specified |ocation by said control’ device when an indentation is eval uated
as being present. 29. The wire bonder as set forth in claim 28 wherein
said

IC chip
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speC|f|ed | ocation is the center of a Iead 30. The wire bonder as set
forth in,claim 28 wherein said detection of an indentation is perforned
so as to deternmine the location of a stitch by detecting the size of the

i ndentation at |east two-dinmensionally. in the horizontal directions by a
phot ogr aphi'c devi ce, and -cal cul ate }ﬁélsannunt of deviation between the
said stitch location and the center of a lead in the formof said first or
second bonding point. 31. The wire bonder as set forth in claim 28
wherein said detection of smﬁtchcl@g?tion is performed so that
notification is perforned by a notFTchtlon device and/or the apparatus is
st opped when said deviation is evéPUaLed as being outside a predeterm ned
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accunul ation of said data .and statistical processing are perfornmed when
within said predeterm ned deviation range. 32. A wire bonder equipped with
- a recognition device, a control device that perfornms various controls
based on the evaluation from said recognpifjigon device, and a drive device
that drives each nechani sm based on commands fromsaid control device,
wherein, a first or second bonding point in the formof bonded sites is
phot ographed by a photographic device based on commands from said control
device, " inspection is perforned as to whether a bonded indentation is
present within a specified range at a |ocation specified in advance and/or
centering on side location, the ambunt of deviation to the |ocation of an
indentation froma specified location is detected by said control device
when an indentation is eval uated as being present,-said data is

accunul ated and statistical processing is perfornmed when said anmount of
deviation is within-a predeterm ned deviation range, and canera tool

di stance or individual bonding reference coordinates are corrected and
updated so that said indentation '
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70 | ocation agrees with a |ocation specified in advance. 33. The
wi re bonder as set forth in claim32 wherein said specified |ocation is
the center of a lead. 34. A wire bonder equipped with a recognition
device, a control device that perforns vasious controls based on the

eval uation from said recognition devi ce12{® a drive device that drives
each nechani sm based on commands fromsaid control device, wherein, a
first or second bonding point in- the form of bonded sites is photographed
by a photographi c device based on commands from a control device,
inspection i-s-performed as to whether a bonded wire is present within a
specified range at a location specified in advance and/or centering on
said | ocation, and detection of msattachnment is perforned. 35. Awre
bonder equi pped with a recognition device, a control device that perforns
various controls based on the evaluation fromsaid-recognition device, and
a drive device that drives each nechani sm based on commands from said

lead
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control device, wherein, a first or second bonding point in the form of _
bonded sid es i s photographed by photographic device based on conmands from
said comtrol device, inspection is perfornmed as to whether a bonded wire
IS : present within a specified range at a | ocation specified
in advance and/or centering on said | ochP/48, detection of misattachment
is performed, and notification is perforned by a notification device
and/ or said apparatus is stopped in the case a bonded wire is evaluated as
not being present at a predetermned |location. 36. A w re bonding nethod
wherein a first or second bonding point in the formof bonded sites is
phot ogr aphed by a photographi c device based on comrands froma control
device, inspection is perfornnespascttoi ehet ey a bPndegdtwire is
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present within a specified range at a |ocation specified in advance and/ or
centering on said |location, and detection of msattachnment is perforned.

- 37. A wire bonding nethod 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, inspdd/iln is perforned as to whether a
bonded wire is present within a specified range at a | ocation specified

in advance and/or centering on said |ocation, detection of misattachnent
is perforned, and notification is performed by a notification device
and/or said apparatus is stopped in the case a bonded wire js evaluated as -
not being present at . present within a specif]ed range at a
| ocation specified in advance an@/or centering on said |ocation, detection
of msattach t is performed, apd notification is perforpef
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. cofmands from a control device, inspeck ,
..bohded wire is present within a specified range at a | ocation specified in

by ;a notification device and/or said apparatus is stopped in ‘the case a
bonded yire is evaluated as not being present at a predeterm ned |ocation.
36.. A re bonding nethod wherein a first or second bonding point in the
form gt bonded sites is photographed by éﬁHfhotographic devi ce based on

& is performed as to whether a

advance and/or centering on said |ocation, and detection of nisattachnment

‘is performed. 37. A wire bonding nethod wherein a first or second bonding

pgint in the formof bonded sites is photographed by a photographic device

{ ‘based on commands fromsaid control device, inspection is performed as to
. whether a bonded wire is present within a specified range-at a |ocation

* gpecified in advance and/or centering on said location, detection of

- /mi sattachnment is performed, .and notification is perforned by a

/notification device and/or said apparatus is stoppede the case a bonded
wire is evaluated-as not- being present at _(,_‘ljjgz:>




a predeternmined |location. 38. A wire bonding nmethod wherein wR " or
second bonding point in the formof bonded sites is photographed by a
phot ogr aphi c. devi ce based on conmands froma control device, inspectionis
perf:ormed as to whether a bonded wire is present within a specified range
at a location specified in advance and/or centering on said |ocation, and

the amount of wre curvature is determned by det qhig Bith8 rebRcEmeheSRéet
froma |l ocation specified in advance between a first bonding point and

second bonding point to a wire when aS®ire is evaluated gs_bgj esent
according to said inspection. ‘39. A wre bonding[hﬁQMOdﬂmﬁeBEE%Efoirst
or second bonding point in the formof bonded sites is photographed by a
phot ogr aphi ¢ devi ce based on conmmands from said control device, inspection
is performed aerLheMshet her a bonded wire s present within a specified
range at a |location specified in advance and/or centering on said

| ocation, the anmount of

1. A wire bonder for producing a loop of a wire (49)'bonded
at one end of the wire (49) to a first bonding point,
e.g. to a pad (6a) of an IC chip (6), and bonded at the
other end of the wire (49) to a second bonding point,
.e.g. to a lead (20), characterized by '

(a.1) a photographic device (1) for taking images at

predetermined locations;

(a.2) drive means (12, 4) for moving said
photographic device (1) to said predetermined

locations:

(b.l) an image recognition apparatus (8) for
receiving an output from said photographic
device (1):;

{b.2) said image recognition apparatus (8)
including image memory means (8e) for storing
image data relating to a first or second
bonding point (6a, 20) or to a wire (49)
extending therebetween;

(b.3) a control circuit (8f) provided in said image
recognition apparatus (8) for comparing image
' data stored in advance in said image memory
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wire curvature is determned by determning the distance froma |ocation
specified in advance between a first bonding point and second bondi ng

point to a wire when a wire is evaluated as bei ngrRs r di tQ
re 7 9 rf el rngty o

said inspection, notification is perforned by a noti

said apparatus-is stopped when-said amount of curvature is outside a
predet ernined range,--sai d data is accymul ated and Dateat ipgi ggr cessing
is perfornmed when said anount of " cu ture is within a pre e ned
range, and individual bonding paraneters are corrected and updated so that

said amount of curvature agree w.th | ocatjon specified in advance. 40.
The wire bondi ng nethod 3% (880 v nWiEh havky stncoFrerated dmagercat i on
specified in advance is tdetay @pa nt of a | oop.

(c) control apparatus (13) for controlling said
photographic device (1) and said drive means
(12, 4); for feceiving an output of said image
recognition apparatus (8), and for generating
a corresponding control signal. '

2. A wire bonder according to claim 1, characterized in
that said control circuit (8f) is adapted to detect,
based on said comparison of image data, if a ball (B) is

. present within a predetermined range at the location of
said first bonding point or not.

3. A wire bonder according to claim 2, characterized in
that image recognition apparatus (8) is adapted to
detect, based on said comparison of image data, the

dimensions of a ball (B).

4, A wire bonder according to claim 3, characterized in
that data relating to the dimensions of said ball (B)
are fed back to said central apparatus (13) which
corrects and updates bonding parameters such as
ultrasonic wave and load parameters when said dimensions
of said ball (B) are evaluated as being outside
predetermined ball dimensions.

5. A wire bonder to one of claims 3 to 4, characterized in
that said control circuit (8f) is adapted to determine
the center (Bc) of said ball (B), and to calculate the

amount of deviation between said ball center (Bc) and
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41. A wire bonder equipped with a recognition device, a control device
that perforns various controls based on the evaluation fromsaid
recognition device, a drive device that drives each nmechani sm based on
commands from said control device, and a bondi ng Hi%ds HouiEpiRcemeant ghaet
pondi ng tool through which a wire is passed, wherein, a ball fornmed on
the end of a wire fed fromsaid bonding tool is plgggd 4t8abDECAB®T trary
| ocation by driving-said bonding head, @énd ball = di.anmeter and/or wre

di aneter are neasured by photographing said ball- and/or wire by said
recognition device after - bonding a portion of a wire to which said bal
connected. 42. Awre bonder equi pped with an operating device, a

74 recogni thencéavege(pa) CONtd PadlQbaje althdhiAC k! PEEPHYRMLRYS. |
control s based on the evaluation fromsaid recognition device, a drive
device that drivE8*Bhch mechani sm based on

6. A wire bonder according to. one of claims 2 to 5,
characterized in that a notification device is provided
which is adapted to issue a notification if the location
of the ball (B) is outside a predeterminéd_deviétion
range. '

7. A wire bonding method comprising the steps of:

a.l) photographing a fifét_bonding site for obtaining an

image thereof;

a.2) storing image data of said image of said first

bonding site;

b) bonding a wire to said first bonding site;

c.l) photographing said first bonding site where said

" wire has been bonded for obtaining a new image

thereof;

c.2) storing new image data of said new image of said
first bonding site and said wire bonded thereto;
and

d) comparing said image data and said new image data.

8. A wire bonding method according to claim 7,

characterized by:
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commands from said control device, a bonding head equipped wth a bonding
tool through which a wire is passed, and an electrical discharge device
that forns a ball by applying high voltage to the end of a wire, wherein

a ball forned on the end of a wire fed fromsaid bonding tool is placed at
an_ arbitrary location by driving said bondi ng heHus ib#id replicemptns rshieet
measur ed by photographing. said ball by6daid recognition device after
bonding a portion of wire to which_,said ball is gonnedtgd qq7 ng back
said ball dianeter data to' said control device, @@UnﬂLgtP%gegng-data

and perform ng ‘statisti.cal processing, and correcting the output data with
respect to an electrical discharge device by an operating device so that
the set amount adreephutofrafitidg § ¥modl bofidind ML AN dRAGHIRPed i th
a recognition device, a, control device that perfTorns vari-ous cofitrols
based on.the evalua??oipﬁg?nﬁ§9£QPﬁFecognition'device, a drive device that
drives each nechani sstopbeg Dihde® @0 594 SHhSlyE VY 'Rlig Wy and a

bondi ng head equippegoxgiﬁbeg égyﬂ.ng t ool

- bonding said wire to said second bonding site;

- photographing said second bonding site ,where said
wire has been bonded for obtaining a new image -

~ thereof; '

- - storing new image data of said new image of said
second bonding.site and said wire bonded thereto;
and _-‘ _

- comparing said image data and said new image data.

9. A wire bonding method according to claim 7,

characterized by

determining based on the comparison of said image data
with said new image data, if a ball (B) of said wire has
been bonded to a pad (6a) as said first bonding site.

10. A wire bonding method according to claim 9,

characterized by
determining if said ball (B) has been bonded to said pad
(6a) at a specified location or in a specified range'

around said location.

11. A wire bonding method according to claim 9 or 10,

characterized by

detecting the size of said ball (B).

.



75 through which a wire is passed; wherein, a ball fornmed-.on the end
of awire fed from said bondi ng tool is placed at an arbitrary | ocati on by

driving said bonding head, ball dianeter and wre dianeter %ggﬁﬁﬂ by
phot ogr aphing said ball and wire by said recognitilsh e‘eﬁ)ﬁd@p ?@P ng

a portion of a wire to whiich said ball is connected, detezp&w éé]belr
respective centers, and cal cul ating thg2 anount of[ﬂﬁ jati t J ate

the quality of. forrratlon of said ball™ 44. The wre- bonder as set forth
in claima4l,42 or 43 wherein said arbitrary location is a lead.
45." The wi re bonder as set forth in claim4l,42 or 43 wherein sald

12. A wire bondlng method accordlng to clalm 9,
characterized by

detectlng the location of said ball (B) ‘on .said pad
(6a).

13. A wire bonding method accordlng to clalm 8,

characterlzed by

detecting if there is an indentation on a lead (20i as

said second bondihg site.

14, A wire bonding method according to claim 13,

characterized by

detecting the location of a stitch based on the size of

said indentation.

15. A wire bonding method according to claim 9,

characterized by

detecting the size of a stitch on a lead {(20) as said

second bonding site.

l16. A wire bonding method according to claim 8,

characterized by

detecting if a wire which has been bonded to said second

bonding site is present within a certain range or not.

17. A wire bonding method according to claims 7 and 8,

characterized by

A



arbitrary location is an island.
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detecting the amount of curvature of said wire extending
.from said flrst bonding site to said second bonding
51te.

18. A method of determlning the quality of an initial ‘ball
formed on the end of a w1re in a wire bonder compris1ng
the steps of: )

- photographing said initial ball (B) and said wire;

- determining the diameters of said initial ball and
said wire; -

- determining the respective centers of said ball
diameter and said wire diameter; and

- determining a deviation of said center (Bo) of said
ball diameter with respect to said center (W) of

said wire diameter.

* [ L n S *



