DESCRIPTION Title of invention: WIRE BONDING APPARATUS Technical field [0001] The present
invention relates to a structure of wire bonding apparatuses. Background art [0002] When connecting
an electrode of a substrate and an electrode of a semiconductor chip with a metal wire by a wire
bonding apparatus, a wire bonding method is employed that includes: causing a spark between a
metal wire extending from a tip of a bondingR&S3@REPAN BMNectronic Flame-Off (EFO) to thereby form a
free air ball; bonding the free air ball on one of the electrodes (ball bonding); looping the wire to the top
of the otherTlélézwddeweniteopayMidrEuB (BN INGTARRAR M OSthe bonding tool; and bonding the wire to
the other eléetrbaéc@ geld wire, which is non-oxidizing, is commonly used in the wire bonding
operation bE¥iEe bonding between either electrode and one of the metal wire and the free air ball
may often reslihérpdesectivevieatisurfredates toeansdtat ivie ofrveirsuboding thepReatagelsall is oxidized by
air [0003] Beakgrastnih aetent years, there has been proposed a wire bonding method using a metal
wire that 0xid@2] such as copper or aluminum. When wire bonding is performed using such an
oxidizing metaMhge, tosnecingadgnoglesiiieoxidaworsobatiidacndf e rataatrade. Phtent literature
1 (Japanesé&anneraigtel FitgnvabplcatietaP uiliz by neNoIr20bnrhag 78ppaiséandl&vifgoposes a
method for pesging niekiaetioncsn playethdbast iachustasivirausinglcwkiikn betivsadaat gedabward a
free air ball\idienexienairch forra euiithoé abandrgtieelanthers kastrpoicdeldmnetéih (Erahtioxidant gas
atmospherghgnekyffeenan igg @irmatlohendn othe fspepiiroathanteneletthirielgounodes Aadnother
example, Phasingydaeping Jhpanise dathextoni o dreatdne nglsrteatts Whilsi qeiononp 1 t2bes-130825)
proposes a'ikgHeamribe dip@f Ahehgitdirodasicenst korging kiaiiadathe @HiebaleriFatition area;
blowing an Anglekid#iteyaw/ e dca\ay-axigigioentis 6PMMENGAY cused fionihkepaiishd9nsiitge gas
cover througR&{FiNBECaRTRO RENCHIthBIsSIERhRIthRr giectods andrresy themmeialnibridant gas
atmosphereitittRedsoryainhalt saynefie R’ pask b e iaiac veié asdhace efttoe enstamarenahe
antioxidant &sdaee sphbecfteaaimbaliriscoxidizan Rerifed art documents Patent literature [0005]

Patent literd@#@31JP2007-294975
In contrast, in recent years, there has been proposed a wire bonding method

using a metal wire that oxidizes such as copper or aluminum. When wire
bonding is performed using such an oxidizing metal wire, it is necessary to
prevent oxidation of a surface of the metal wire. Patent literature 1 (Japanese
Unexamined Patent Application Publication No. 2007-294975), for example,
proposes a method for preventing oxidation of a surface of a metal wire by
blowing an antioxidant gas toward a free air ball formation area or a surface of
an electrode that is to be bonded to form an antioxidant gas atmosphere in the
free air ball formation area or an area around the electrode.

[0004]

As another example, Patent literature 2 (Japanese Unexamined Patent
Application Publication No. 2008-130825) proposes a method including:
arranging a gas cover so as to surround a free air ball formation area; blowing an
antioxidant gas into a cavity in the center of the gas cover from a periphery of the
gas cover through a porous component attached within the gas cover, to thereby
form an antioxidant gas atmosphere in the cavity; and causing a spark between
a wire and an electrode of EFO in the antioxidant gas atmosphere to form a free
air ball.

Related art documents
Patent literature
[0005]

Patent literature 1~ JP2007-294975

Patent literature 2 JP2008-130825
Summary of the Invention
Problems to be resolved by the invention
[0006]

However, when an antioxidant gas is blown from a tip of a pipe toward the free
air ball formation area as described in Patent literature 1, the flow rate of the
antioxidant gas is required to be high in order to maintain the antioxidant gas
atmosphere in the free air ball formation area. This poses a problem that a fine
free air ball can not be formed because the free air ball is cooled by the
antioxidant gas during the formation of the ball.
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Patent literature 2JP2008-130825 Summary of the Invention Problems to be resolved by the invention
[0006] However, when an antioxidant gas is blown from a tip of a pipe toward the free air ball
formation area as described in Patent literature 1, the flow rate of the antioxidant gas is required to be
high in order to maintain the antioxidant gas atmosphere in the free air ball formation area. This poses
a problem t{{¥1G¥fine free air ball can not be formed because the free air ball is cooled by the
antioxidant gdsudiiming dse dowiratiborditig: bpphaf@os7perartherareabwindibgnbingrappagasus
performs wipemdingiteobypanthgewsoritimdgenoling tad idawehpdmeting anol dotwrbwithoved up and
down withirthireceaitifywiteenttiee firem aiir ball formation area is summumded! by tHeeggdscoveeand
forming an antidaidhimngas attioxislanteoasHitmiosaaiey Witkhe dent@vil tethaseoter dytbowing an
antioxidant gas fneahb\chliviag dusaitbiodittaPtigas likoatineec2vi0as] dasbdpeidimiRgtenrt free air
ball, the wirki®@tdiag2apparatus raises a tip of the bonding tool into the cavity and then generates a
spark betwd¢@POBE electrode of EFO and the wire extending from the tip of the bonding tool. Upon
raising the boMdien tssMigvidafregagindallaitherovirel boadiogdipgasalusc saisgmaidp thkthending tool
and comes hatacing ta@itnte vee tayiiyansktbengenanigssbspatianwveendheuelsicode of the cavity,
the air that FaSeanstdbahwircaeiieirding: fiea theat gistiee konghagriaginotUrosasiigiegrhasted
outside. Thizosfeenoréealtshavecyase stagingdii gie atmoyplieechoitdinehtoohdsc aenmaineait@mosphere
that containgoneigenoahans sunessiotuteel ¢aviiat alremiwpiehdhe rntPddart gapalowscordingly,
the convenfigial teehaitpuietsnitR din thataavisradngcar ishait hafke enisr@dkihexrrMibh If the metal
surface of tEBigleedipy Enengarmdovetisg the &8 clibesgiapbsexaysissiadteidsoor Buadifigryuality
when perfof@fhti Wiré beasengbpaatidnthsingten aseiae eireViHHn oigiz€8 Vi theemaiiscalis copper
[0009] An athaanitare thaieontrns MR TG veBpaskidatkayeee Buthadcabtatmesrierll in a wire
bonding apparsiis. M&&es adr Ballind\eroistslbmth poooyeatinnal ieshinig e stasndefl tiie present
invention isFatedddaigarectestrscblatadrpyend axdptnm einbametatsutacs afshpdiege with a
wire, and thairappkh i eisosranigdbenitae aidrrlingestidar Berkieig &imectodeadinddiiride; a
horizontal pléteHRRAGSININERRAHHeoRRMNHIIORNRIAIG &3P DRtRekIitgthad i digesderted and
removed:; adifsBHENGGFRRRRs flow channel for allowing an antioxidant gas to be blown to a center of
the through[ﬂ@@hlong an upper surface of the horizontal plate; and a second antioxidant gas flow
channel for alyvRijeft ahtitioraseqidnepd Gow o iawers sidatigieahrotighass b §ehe upper
surface of tAl ReHZBrmaVisaReiairRRRIABIShstantially intersecting with a direction in which the first
antioxidant ﬁﬂéﬁ%ﬁﬂh’éﬂéﬁbﬂdg ‘abhemdsh the horizontal plate is configured such that the
antioxidant 8h the upper surface of the horizontal plate is allowed to flow outside the horizontal

plate from edde%6® theKiRg GHIBRFRKS, %é@@@ﬁ@td@?ﬂ@ (5 Rhoe ingbRIN &R GERIRow

channel. ©Of a semiconductor chip and an electrode substrate with a wire, and the
apparatus is provided with: a bonding tool for bonding a wire to each electrode; a
horizontal plate provided with a through hole allowing a tip of the bonding tool to
be inserted and removed; a first antioxidant gas flow channel for allowing an
antioxidant gas to be blown to a center of the through hole along an upper
surface of the horizontal plate; and a second antioxidant gas flow channel for
allowing an antioxidant gas to be blown to the center of the through hole along
the upper surface of the horizontal plate in a direction substantially intersecting
with a direction in which the first antioxidant gas flow channel extends, wherein
the horizontal plate is configured such that the antioxidant gas on the upper
surface of the horizontal plate is allowed to flow outside the horizontal plate from
edges of the horizontal plate, the edges being provided with no antioxidant gas
flow channel.
[0011]

In the wire bonding apparatus according to the present invention, it is
preferable that a wall surface is further provided on the upper surface of the
horizontal plate, around a periphery of an outlet of the first antioxidant gas flow
channel, around a periphery of an outlet of the second antioxidant gas flow
channel, and between the peripheries, the wall surface having the antioxidant
gas be stagnated thereabout. It is also preferable that the wall surface is
provided spaced apart from a periphery of the through hole in the horizontal
plate.

[0012]
In the wire bonding apparatus according to the present invention, it is
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[0011] In the wire bonding apparatus according to the present invention, it is preferable that a wall
surface is further provided on the upper surface of the horizontal plate, around a periphery of an outlet
of the first antioxidant gas flow channel, around a periphery of an outlet of the second antioxidant gas
flow channel, and between the peripheries, the wall surface having the antioxidant gas be stagnated
thereabout.ftétcatduepthédralporticn ticcaal sntiaxts @anpgasdieisphaadelgeonhectzgderiieery of the
through holedrrelspdrttingratiplitea[starjhaipe wiredviinekte sl Ay dbeonpipey wutii@cpresent
invention, itaé tedferisatiialatpoaivth wheesih angoildaransoilquesieanting tiumaatidxifanthe
correspondgmsolrtien islaftsnguidhtpipddsoh duithextemdimgesion g ditiaupeér saetactraight pgpézontal
plate, and veleadiit.dtgaids o arefesable Veatiagain g vintovideninghsifre ad ifatesislisponsaddrwithin an
interior portioarosewisesmaighe pipartitooing & &3 essospaiienadidiasteaght quikecenduihoiteles flat
plates dispdegt sectionssswidevhearaie theaslttitighatgsaateosy segedribtheasmaiginchiggdogitduit into
four sectionsspeditndhainppefstuiateschtbehrarigeatah platgnner inclined with respect to the upper
surface of tfROA3lizontal plate. [0013] In the wire bonding apparatus according to the present
invention, it islpréfegapisahhotdngireppadig appeestinds torolidereftin thiveaivioxidait gas flow
channel for prtd@iaglarihattirdaliie Jeending aRrpandicishis cuataded thétheotiyrohantiodiigusly
downward faas folwweeasngats aflevane aroanioXisnt gepiefeeddiRvindotefigenigniokibant gas flow
channel, théhsedaRdalriokitize yofevwardiran téowigt sutfrsedahtisab oz aiamiaicalid the
horizontal piateraferpbieithat theaficohanbexidzet gas Haw wkasuiambretseeondidntniddant wall
surface arréi@geliosy lnad agheishibiydorativgidrntgandlavechanmat andie flvavizpriahdlaieound a
periphery ofEgh gwédes fiee 3cernia aniasaariganfidhechammepnhassciniencbeereapteties, the
wall surfacésHEER) A@ agad aemnd fsnssipheiataneutabelithmfigtrtioridanrersdlsie that the
third antioxielAtRels A6 BHaANREHRBRRY tINE antioxiteinohdBaoses shvanidoXidan drandivvnding tool.
[0014] In thBaRnelbengirehpparatne assarbriipt the pralesitniagentieningishs cratisie anat an
electrode oflabgcsionNates JeEeatnus PraddifortirPiateehiethatian Byrgartianegat spark
between th@afkosxhinglaltewsigher and odamPasoiahg Hevevtodhe i ¢fsee seadnEro
extends frof@ither one of the outlets of the first and second antioxidant gas flow channels toward the
through hol8f#e horizontal plate. Advantageous effect of the invention [0015] The present
invention providie®8n Wd@aRQIHEDUs 2peRtaE prarSiAmNexi@atibh e seiMadeventigeihiidall in the
wire bondingraffsarieusas aer elestigstipaic?lariiomigdIppnea)ff (EFO) is provided for forming

a free air ball by generating a spark between the wire extending at the tip of the

bonding tool and thereof, and the electrode of EFO extends from either one of

the outlets of the first and second antioxidant gas flow channels toward the

through hole of the horizontal plate.

Advantageous effect of the invention

[0015]

The present invention provides an advantageous effect of preventing oxidation

of a surface of a free air ball in the wire bonding apparatus.

Brief description of drawings

[0016]

Exemplary embodiments of the present invention will be described in detail

with reference to the accompanying drawings, wherein:

FIG. 1 is a perspective view illustrating an antioxidant unit of a wire
bonding apparatus according to an exemplary embodiment of the present
invention;

FIG. 2 is a plan view illustrating an antioxidant unit of the wire bonding
apparatus according to an exemplary embodiment of the present invention;

FIG. 3 is a perspective view illustrating the configuration of a guide vane
provided for the antioxidant unit of the wire bonding apparatus according to an
exemplary embodiment of the present invention;

FIG. 4 is a sectional view illustrating a cross-section of an antioxidant
gas flow channel provided for the antioxidant unit of the wire bonding apparatus
according to an exemplary embodiment of the present invention;

FIG. 5 is an elevational view illustrating an operation of the wire bonding
apparatus and the antioxidant unit according to an exemplary embodiment of the
present invention;

FIG. 6 is an elevational view illustrating an operation of the wire bonding
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Exemplary embodiments of the present invention will be described in detail with reference to the
accompanying drawings, wherein: FIG. 1 is a perspective view illustrating an antioxidant unit of a
wire bonding apparatus according to an exemplary embodiment of the present invention; FIG. 2is
a plan view illustrating an antioxidant unit of the wire bonding apparatus according to an exemplary
embodimermpparatypsesehthmeniiorxidant URiGaccisrdipe tspactexenplaiiieamhndgmbotafifiguration of a
guide vane ppreséaddnfiegritierantioxidant unit of the wire bonding apparatus according to an exemplary
embodiment of the ptesent invenpan viewr|iugtigtingeatiomgleraioilustrétiagvedrerdssrsiiegon of an
antioxidant gppdatatusiamanidiepantiodddot thut antoxiiagttakinsfxaemplaty smbdrapphedtine according
to an exempl@seatnbudittient of the present invention; FIG. 5 is an elevational view illustrating an
operation of the wirElGorilliisgapeasarciisadvine ditisxaing anitaniirdgiagttozin ekédnepling
embodimerh@iditgpagembinerameorsi® 6ds andiftaigivnakeiplilysteaibgdimepieratichef the wire
bonding app@stosiavetienantioxidant unit according to an exemplary embodiment of the present
invention; FIGFTGs @ slan pliv ViRistiitisigeim g gt aisiosicdet wing iobidnykiggeoadisgand the
antioxidant apitaasbesdaerasdingetenibrirdiferesdiexempiane probedineentidnthe presens is a
perspectivelWentidiistrating an antioxidant unit of the wire bonding apparatus according to a different
exemplary embodinfié@t dfQhis peeseievaligmnanyiew ifustratisth praroperatinmsteitifieamwsatioxidant
unit of the Wit BiogdaPapTamaR‘att® r@igxidar diféraacexinglana diffaigmexesmphapresent
invention; embeneniohihelplespndnvieniMistrating an operation of the wire bonding apparatus
and the antioxidantfifat 3tde@irejevatianad rdavelesipdnoantsmendendiftteprschensieation;

FIG. 11 is adpdRfaitisnandeihiusiriiixddantopatitiecesrdiagvite biiintiffgspararrcanans
antioxidant embaditvaihgfitththpresrite muemMiaRIantEmbodiment of the present invention; and

FIG. 12 is a plan viEWGllubirdgeing despaiaviolostiatingreabonarigigppahtiteant ehdantinddant unit

according t@RPéifesksNt 2@ miflaryasieydianéntoithagrestingini@niondifferent  exemplary
embodiment of the present invention.

Detailed description of the invention
[0017]

Hereinafter, an exemplary embodiment according to the present invention will
be described in detail with reference to the accompanying drawings. As shown
in FIG. 1, a wire bonding apparatus 100 of the exemplary embodiment is
provided with: a capillary 31 serving as a bonding tool for bonding a wire to an
electrode of a semiconductor chip or a substrate; a bonding arm 32 attached to
an ultrasonic horn (not shown) for moving the capillary 31 in the up-and-down
direction; an antioxidant unit 10 for maintaining an antioxidant gas atmosphere in
an area in which a free air ball 52 shown in FIG. 6(b) is formed from a wire tail 51
extending at a tip of the capillary 31, thereby preventing oxidation of a surface of
the free air ball 52. The bonding arm 32 and the antioxidant unit 10 are
attached to a bonding head (not shown), and are configured to move together in
a horizontal direction. Note that, in FIG. 1, a vertical direction is a Z direction,
and X and Y represent horizontal directions that are at a right angle to each other.
This also applies to other figures.

[0018]

The antioxidant unit 10 includes a main body 11 made of plastic or an
insulating material and a mounting arm 40 for mounting the main body 11 to the
bonding head (not shown). As shown in Fig. 1 and FIG. 2, the main body 11 is
configured such that a substantially cuboid first block 11a, a second block 11b
that is substantially trapezoid in a planar view, and a horizontal plate 21 are
combined in an overall L shape, and corners of the first block 11a on the side of
the second block 11b and corners of a long side of the second block 11b are
unitarily formed. A curved surface 1le continues from a lateral surface of the
first block 11a to a lateral surface of the second block 11b forming a concave
portion on the side opposite of the side on which a through hole is provided.
Also, a vertical wall surface 11c of the first block 11a and a vertical wall surface
11d of the second block 11b on the oblique side are located adjacently. The
horizontal plate 21 connecting a bottom surface of the first block 11a and a
bottom surface of the second block 11b extends at a right angle to the vertical
wall surface 11c of the first block 11a and the vertical wall surface 11d of the
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Detailed description of the invention [0017] Hereinafter, an exemplary embodiment according to the
present invention will be described in detail with reference to the accompanying drawings. As shown in
FIG. 1, a wire bonding apparatus 100 of the exemplary embodiment is provided with: a capillary 31
serving as a bonding tool for bonding a wire to an electrode of a semiconductor chip or a substrate; a
bonding arrae3@attdhel 14 lani.eltréz@nlonizon{abdghotion {ahebreatiang capikanfiillyn the:
up-and-downaliréatidy; ldniaraimigaredisiudio foatthintiisiny ok ddtoriodihgaseatndsblosie in an
area in whidila fressiituitallesmshespdntivily efipidiognatd homenteidines| 61 éXteddiectiana tip of the
capillary 31¢ensesiyep@ve GhQ aliigéation oeatsdife)ebattigfireamalie bakaeh Tlwebasdihgvanm 32 and
the antioxidanfl@it 20 the: hatizhsthtooiab®itling Heaatéaosshawiy, andreet chefigunes & rdove
together in arhesinoneodivectivereNetedeat, AnHItel fisstdtvckl diraction seadhditelowbnliipd X and Y
represent handdheahdiigotitalpthte 2icauecoiglitiaged e @neatraliHesMape alsblappisstwwther figures.
[0018] Thie drifioxddamtiuiatigb ineled2s is pronidedyin theduisbptakiidase alisswhtihgtndaterial and
a mounting cenie1022e elotngti iy dugimbimebddyid pesitienbdnaliranhisiergactishdvativers shewn in Fig.
1 and FIG. eetertingirbbdedinesioontigniedingichfttg drstibsesktitly anbdidefiestiritire 62, a second
block 11 b thatdisestipstaetivaylinaper dieinecpnrthatodkvland MomousitapreVen exéEanmbined in an
overall L shape Ffd 2oifeeapiltly bt dadrndedostigietbialatsfapates s adinfeknt WiatiPcorners of
a long side eg iRy SsoatitbR g audh seleidarily formed. A curved surface 11e continues from a
lateral surfd@@b9khe first block 11a to a lateral surface of the second block 11b forming a concave
portion on theldigdicypuerk dlenis pidyidedvhith a shiaighh fiislcaistivddridion s dtova cleaticw! wall
surface 11clgf grdemdingoziond ks genterinel flaliPsifecian senterdinershawbdk £1& @n the
oblique sidefarehevardd bfackriing st Adtixvdanpaas faveehasamd 2 isoaeniguiescsusithe first
block 11a alh@bdatine sarecassembietdhd HIHERA I tesidoie dfgHndhgleestiedl wellcal wall
surface 11csoffgreefildibRicknel Hrahdprkvitacaitharespgstdol thieoharezayabmipttodd 1amd ie., in a
horizontal dREERENE Rlanection) cepitime Gl tHE sisastruycenteripaliguldtesauitithatane first block
11 a and thassasphly dibbrnciusies asavirdsaakadgiaatiogindrickinrydiaragidatansetion (X-
direction cewttiath&phnipézs(ALgidisnes e e AirfsPSs\WisHHNARDRY-to HREM dtlEcalIshawden FIG. 2,
the horizoniaRads SaM® v dAbdEe HRetdrsshatetkna dhauaidecyassnist pdriltm avidenaneen, and
the first blo@63ambiie ki ofRNBidkes fowndleve KOARORIaPERIENSL Ara cmbrédiaviidoderall L
shape. Alsd28sS51epRf #1PI& SeCHaRroultehavidevana asgempithARIsZiieal inda [§igth that a
center 22c HplRdtRAIGhaHRsRIRskAdigHih dhahhedias lotepelvBerovige vareike 8ne
(X-directioniR@iefimt) 4T HRUIRRLIER 18PaRdthaRdHetine wiace dlccmb iR heriak the
second blodHai& R Mot e0erding vhewhah PRsToL R RN FERREdHO WA phRIN &1SRCERBRJERSACh that its
center is cok?ddéit (oW ahapeatsestienst IZa mpsULRCIAR 20Ned PNy NesttisRIHrectoR, provided
with a straightdirdi@ariiidaanned sertinen Al 2adid7dingralcipass caltedire BarEaairdction
centerline) SHERHOR: FIGhe floyvsabamel mestiongd Astantididanehies fanstidindng Xirstonfigured
such that a Yi@idant gasdiowghamelkiad ifladirasrilewadniite JefialivhRiereantic of the
first block 1938 \GHRPBSHBEt 18 tYedTigxHRACSI ABlisviNBXaFdifgaI b that RiatkHeacis
(X-directioncc%‘(ﬁl%?ﬁﬂ@r.oﬁﬁé fRbaVigEdRsY A {lauishian 083 2y ihaRae reasiecyfifeRr 14c and
a guide vanéeTical WRlLRUTERGR1AS-arE ditiRSsE8 phRWREsRISe ManRAdT GpénafttRReHEGAfde vane
assembly 1ﬂl?iﬂf§ttﬁétf9§tq%lbgﬁfaﬂ_% IRIEGhHAE ![MtB?tMQrBG?éé’"@é{njelﬁs%feﬂ%ly@HB'@thtitutes
four flow chhHhEPESHRS Folireb 2o %ﬁ@iﬁéﬂ&fﬁ?&ﬂgmigﬂﬁ ﬁﬁ@%ﬂ?é‘(/ﬂﬁ@ Bssembly
14b is fittediRYRHEWRSEHHR HHAUSININO R A0 RN BIZINRLPIRIE k- plates of the guide vane 14 are
inclined at z{@%rees with respect to an upper surface 21a of the horizontal plate 21. Accordingly, out
of the four fanl§ifapRePMshPigfN AEP J8 disvides i asHiRioRbwadthantextiY 088 3w 12c are
aligned alofga\i&tidal dfte GERNERY 1ONSVERaRRBIAEFORS 106HIRFHIY SRNEGIIREY 8Rng a
horizontal dREMBANTHEASw Aashavdeidis1a e 1SRRIyt aldicddantesHion haislidant gas
flow channdi3L5 agedioseeshstrniineic? guife yie.AESRIBR %E?Q &, HBRAIRea BeGAE S eends
obliquely ugward'itom YRE R WRlcRU e 1dShAB R SRPARI PR HhddRiMH §BSPRAN Ontighel 12 on
the side opPo&iROBIHRIAIE ALANLPEERIEW AleNg (e LS ERGHF N e IGR SRS & opening
of the first aNi®,AHLIR Ya8GIGRSERAN} 2D 15 eealevied sval 118t SadR(HISckoL D I Riitutes a
first antioxid3rHeL THRiARs AEHARRERASH LA FERRAIHPG B8 PROWHABAZIBAAR 86t Mle 22 in the
horizontal pRAE9€" fR20] THAGYIAGNEMOLR (ONSHIIGRIEULHRY shamif! SRYINaRkiant gas
flow channét 3 féVEWdeA di SGRG theresrtaRfiioB FNdatRe Ao cERREMRE FaSiGswISA 6. 2. As
shown in FIEh Qe SN aHERidART fevReHaKAaN spsdptgehedéelchinal¥sQuige vane
assembly 15BAYRHBFIEa e dHaiet 386 SRROVE AN RE! $aS SHPBMHES et Bnd BIBRK Iib with
respect to tAERBASHRARBRNPYVAFY FERR A BESIMd RIRCKEH R U BFIRRHDE S&5&Mne). The
guide vane assembly 15b is configured such that® guide vane 15 in which inclined flat plates are
disposed in a crosswise manner is attached to an external cylinder 15c. The guide vane 15 constitutes

four flow channel sections 13a to 13d having a fan-shaped cross-section, and the flow channel
cacrctinne 123 t0 12d toaether canctitiite the cecond antiovidant aac flow channeal 12 Alep ace chown in



antioxidant gas flow channel 13 on the side opposite of the vertical wall surface 11d. Further, an
opening of the second antioxidant gas flow channel 13 in the vertical wall 11d of the second block Ilb
constitutes a second antioxidant gas outlet 17 from which the antioxidant gas is blown toward the
through hole 22 in the horizontal plate 21. As shown in FIG. 2, the vertical wall 11d is inclined to the
centerline 6antioxintactigasdioeriihajreid therefbeegite sypositarafdhiel vergeal walbsafdasen an
elliptical shdjpd.askndher,iafFigpenifgoaflihessesiondraintibxilant thass8ovndharieel SBisnptivevided with a
groove 15dveatital svakrihiciralléreisesesectitocin ifdbotastitsietees@coskoantipxid@nt lgaad FIG. 2,
the groove 0Btledxt&riteralvdctnéheeatdidixie &2t (adirediowrdavenliddheftthiougitdradebRtkn11b, and
an electrodéhgshorZemabpgeaerhtinda shavikbienké@nzhéhelvertich 86 hAd dhis wicéineid 30 extending
from the tiptbtticerigpiiten6216doantivie fertailineg) BacHbaeliore|bescgerndispuipddanhe groove
15d. The elgascusl8610f iEFDaxedirlicad hepsoasshg\amindblon the side opposite to the vertical wall
11d of the 466@4dl block 11b, and outside through a mounting hole 36 for the electrode of EFO which
passes throughkstebansuintihtizadnthe sadahe Betsohbadisgkavidad wisltanpreasied icdmaxiegnal
power-suppySeniticARIA I et s Ao 3H O EPOtHIRIgiatte inds shaweniovdBielfin th€smounting
hole 36 of E-theagtpens betrepletss wignglthisesstanivit § 206 Hise gion sfantedingxedahe unit 10.
[0022] As seewtliblPrs. 41N edneteticereod s POREXR fiels gRoRAlROb tER K Itive e the flow
channel sedhiergle@eoddish rNhdnewdrentsit bhesiehdinguir ¢ Sieabe @fltie claailaysations 13a to
13d partitiof@ioip entres cdis-Lakhseoshoite amQ % (@)oo sispesecnial e gstare 1bd: chBitel section
13a is grearlegttlendbeobEhe exientisvicctenms wabissm3ien thetsjde appesitetdtie area of the
groove 15dVvetisalfvell 4adelbine seaeedmiosidahb gasdheisitesthimigih ahaeuniiopdrelel section
13a is as méeHaidhea¢ ReiedrroliGir Savhishtnassee tiewahine enedbtiogseIBbA0 asd.tfin23] Now,
an operatiofesine hipekodhility kpsannastedaenar estaigaldPWRINsUaRbctbéd wWitlseetdfnce to
FIG. 5 to Fleleqtreis 35 HfdwisQuistitearabieciite wine seme vailgdiosn e enutriitng 49\6f 3bsubstrate
42 suctionedf td=& Bonansly Blaye A naniacestawitifiostiflisassecaplingyBwtwherast s05uifgce of the
electrode 48MkRXidANEHENThASUgh hole 22, and a centerline 34 of the capillary 31 in an up-and-down
direction arl®@22nterline 63 (Z- direction centerline) of the through hole 22 are on the same axis,
which also padSeshovehter b1 Ehé endtitrodiees giarbrdersf thé G oxierRlsapitay theidebisiioned at the
center of theusfaegcfe2 flaw shansrbarch9RE &3 WhiCBdRdBdaWEN®OS! ane MitbRidawt gas is
supplied fro@M0%iPEChAaVEHRtNghBEGHaNS Jaasithpgdimastitoneg toXHEirsteaTIshaRaf
antioxidantg@@ﬂd@%é%é@f@ﬂ%?%@ﬁé&ﬁ% ,%ﬁ'@ﬁoi@»h@h@@@@h?cﬁétwtlé%'illﬁ,gf‘?Ward the
center 22c S1aRethazigh Higeotheditma) ChanBRbRRCHPPRGL al0 Ustsh R A pHEEPRT IRMARG! of the wire
50 to the el@E@d@E WS Ghadhillagly 31@(&&%’@1 &{‘é‘ﬂl%f‘ﬁf@‘ HymanipxiaarbaasafidIeyotation of
the bondind PP the; fiew Gnlg! Seeiier kRa igirstanush Bgdhas Hows tHeaobr eselklillary 31.
When the vilte gitenfleucshmrygseeiasadinbdekifih, then the wire is cut off by raising the wire
together wil@@48kapillary 31 while being clamped by a damper (not shown). This results in the wire
tail 51 of a pré¥RterAIrRREENIGH ekiBRIMECIRPAIHIOIRAPRIRUS MR NYS condgunss wibPary is
further raisétesgriRRS s QHeRARFOtid Epdithl Cagillarky!§1 2othewarbeiiReyHdiEB #face 21a of
the horizon¥IlBI2 B10anged aerid Riest o’ PhiRSLIBSHRIS AaPUCHERRY FOStRRNEIMEe electrode
35 of EFO. §2%14 whih this &ipigar Qlt'ﬂség,tbérgﬁ#@@’édr%? tﬁ%ﬁﬁiﬁélg ﬁﬁ@é@_n%éﬁﬁes the
capillary 31819SREEHS thiQugh HoketDoHEBOIR4ppBH uAaREEINE ot HiftisBRtERDIaS 21, as

shown by alfio@s iR-2pdMhaig eien @@W@gﬁﬁe 63 (Z- direction centerline) of the
through hole 22 are on the same axis, which also passes a center of the

electrode 43; therefore, the tip of the capillary 31 is positioned at the center of
the electrode 43. Also, as shown by arrows in a solid line in FIG. 5, the
antioxidant gas is supplied from the first and second antioxidant gas supply lines
18, 19 to the first and second antioxidant gas flow channels 12, 13, respectively,
and blown through the outlets 16, 17 toward the center 22c of the through hole
22.

[0024]

As shown in FIG. 6(a), upon completing bonding of the wire 50 to the electrode
43, the capillary 31 attached to a tip of the bonding arm 32 is raised by rotation of
the bonding arm 32. As the capillary 31 rises, the wire tail 51 extends from the
tip of the capillary 31. When the wire tail 51 becomes a predetermined length,
then the wire is cut off by raising the wire together with the capillary 31 while
being clamped by a clamper (not shown). This results in the wire tail 51 of a
predetermined length extending from the tip of the capillary 31. Then, the
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At the same time, as shown by arrows in a solid line in FIG. 6(a), the antioxidant gas is blown through
the outlets 16, 17 of the first and second antioxidant gas flow channels 12, 13 toward the center 22c of
the through hole 22 along the upper surface 21a of the horizontal plate 21. As shown in FIG. 7, flows
of the antioxidant gas respectively from the outlets 16, 17 move along the centerline 61 (X-direction
centerline) aagitlagycentferinerc@idecdinpctivm censditineqiowdrichetheritproblitpmtesdil|aneslabove the
through holedeamd averiimeavepen sidtaot thdahofittenbalriatddl platerPé dyes afanmehendmital plate 21
that are opéhenithiedabé&hgpneddecarzhcentanpositiant ofahd@iectradre3ohEMical wall surface; the
edges incluf18g@%in edge 25 perpendicular to the centerline 61 (X-direction centerline), an edge 23
perpendicularWhgre ibencaitie rg Blyrsiescieripkatgdite)f thel capiiage 24 aadimepavidsetbenterline 61
(X-directioncegittaryind) dhaotghctimettireuigh (holeiZetairorventedingpen tisaesel s shda by arrows
in a dotted hesizoniak|date(2and ShGV by drsowadrcardettgsblieatie biipes(@lrface 21a of the
horizontal ple@2@} through the through hole 22 move outside of the horizontal plate 21 from the edges
23, 24, and 24Aththersaspe ki en asvighowyhdiyg provide dnwithgbldvdnianwilie. 1 66)1 1dhealong with
the antioxidantigyidamo@ashistHiawrowy avatsdhie vt etssd Ghd anabithrarfirghaibtbwadant the outlets
16, 17 formardiewdanngascbony ehaveeir vk tonardiihefoertersi2mafsécotiumigbkbdea, 11 b
forming theddafilengdbes ipogiesiditanarddared Hgironzopake21et@ lormharshanskidaniyas
atmospherdlavea df0heaaripsiiznhoasoespgaiveidiigrrikecudetdd trbddnavsiemaribiein area
between théenteliehéie anddiiecisticgentaidingl, and, Wieth gerighnRod2h&ipsiiestiface 21a of
the horizongeeitinNg] ayesgheidesizofial vaiealameel @bove Heskhvaudh Prde @&) and FIG. 7.
[0027] As therantRyedantsits atriisshiesizoatabptates 2drived @gestef Metharizag@ralaigoove the
horizontal pfdtdh2t &y e @Resvditisidelaitg Ghavie ediyes 2tapsisaptsasdiPabeNanfied antioxidant
gas atmospheferieeh wvelmsyrRessnieeagdges thatustieg wot eslagir oxyg@menginelafoieniig the free air
ball 52 at theetitesinrebdapiteiiestiornseheine .G e6@n By gereeatin)laspatkdeamsemtge electrode
35 of EFO &3d fifeditfetion s2ebiarenep ohifide 8BpiRdee324n theliartoirdheg£eataitRphéde area 70,
it is possibleXsliRetaveRepieUsIR)oRMhiBA 6ETHErY0F e OF tHirgeloartRiIeTlin®calsetinie
antioxidant ¢RSCatsoSPPWE i éirew/a de S fntied lae aiy boht&nftg)osdgdn Gao 28] thaikiesr, in the
exemplary 6RTPEARRYR, SR RRS srorcerimeal duribarzasyal plate ek Baamehtoe theaighand
second antidRiga% RRVBoALEdARIShE hegzaatatpliated Sitenhheire a8 pidieddfand gdide vanes
14, 15 are iH@h8fLaOASRGBRE Withees eiNG Meigperyiirdee Meltisahwalyidtaldkie 21, the
flow channéll8BetiviE 1ha, aiioxitaNBeas3eheMRcy iheaAEPWEEl FRoRCtRaliR sédianiea to 12d
and 13a to 2BHRMEINg8EE DNy xHEORR rieal @éRigoASard therMswvaIFdeiensbarisas iy khe 2d and
13b, 13d oftAEif&lvfa Ss%‘beéllﬂb@f dharfist §él§ii§ﬁ§%€ Sligetes H@nd—%@efﬂﬁﬂ%iﬁﬁdwféﬂtion. As the
flow chann@UgaggsnbarpgReicutaie dhanedzasiakidriscideto d08M iihafitiddabkigant gas
supply line aENO RIS RIE 20 DR SRRERIRIART igastady, nedepian rPEPR e tTRNEEr with
respect to thefefdcandirRsametneeiviReiryetcholeang the ¥reisplanabenbleirkbht, the flow
rate of the AHHdAROBRE AR WRRRIgFLERGS AL ddinantabpliRigs2oR toR RIBBEOMes
substantiallftHeESERRECa AT} ey ehdf Bfeshiovimindnifoédahfdd dapply line 19 is connected to the
second anti®¥d4ht gas flow channel 13 in an inclined manner with respect to the vertical direction and
the horizontal B8R 198S GHINeSRNRBRIGERRGHS olArpadrenbhaltemadt thatiddschannel
sections 136038 #Pp¥eJhfeHaliBtiAtiRIRithésmRMiS chruEsderERuUgi JRRtaHEaMESKIBant gas
blown through d8I888ERe At B e RIHOVHB0E B3O RIDOIRNR 8RR O ARCAHS 8Portionately,
the height cl'fe M&Q&édﬁ LORHOPREIRare M%'ﬂ%r‘iﬁ%f&l%?dﬁé’?ﬂ AaftdBntPeased.
Thus, itis p%fsgilﬂecﬁ‘)od‘?é)ft@ éy%éb@W’Mfﬁﬂ@n_@f%@%tﬁﬁ‘d@ %tﬂrﬂﬁe%régae[ff Gsﬁvs@% {RBious
bonding coftB§EivEeas? 8firkhdvensbileyigafy adirf dhadiR Rirthe Lepdianesinithdngr, such as
copper or aﬁﬂﬂﬁ?ﬁ%m}itW@%ﬁﬁrﬁﬁr M BERReIY eIt R edesebURIRYGAEBIMRES A6, 17 are
at a right arRjidn® SETREEREEIRITGFoRERE!RE SO GERILRE1BNUINHED BRDAHP SR Engle to
each other,38%(g 42&R & AbNS BAthRILAABIAHURE GAYBFSWn from the respective outlets to the center
22c of the tmgaéh hole 22 meet each other abgve the through hole 22. [0030] Next, a different
exemplary enfBdieel dht EFrERIANNGEMRAMANb IR ABB LIPTRENARRH HHBNRGSFIG. 8 to
FIG. 12. LikKedmp6RBAEIUE OSBRI nRIARE ANHEXIHHE PRI YTBABESE Fi&s . Wthrough
FIG. 7 are SHEVABPIRE purhidhebinGHRrAldiesoh L avidRyanes dit componiitinghtstd omitted.
As shown iHEHEES WHhECSRESTIRLD @ HIRRENISIEHRCE AnOb &6 M2 r&iBkademmth H6r8PBlock 114, a
second blodh@AReL R8I APy kA8 eIl 261 Ansk Eal:)tﬂeéltgcio%a%eawHbﬁ%@i@@ﬁ@gtigﬂ%f_%@%ond block
11b. A third>&5HeKR Ay b aRdide B 10 HAKAINSH Bt Yigevsrtina!HIF P18k aNd, and a
third antioxithn{lg4s HRAVRRLSREIEDSHEABIr AR B iHiRPnibed P1AbBIjarsRaRedhiRWsurface of
the third biddRPIEISEGHART AlFANEHARNGHR R ERE I dNE SN NSRS W LARARG in the
lower surface 119 of the third block 11f constitute3 a third antioxidant gas outlet 83 for blowing the
antioxidant gas obliquely downward from the lower surface 11g. The lower surface 11g of the third

block 11f is in the same plane as a lower surface of a horizontal plate 21. As shown in FIG. 9, a
ranterline QA nf the third antiovidant aac flow channel Q2 evtende toward a centerline AR nf a throiriah




[0032] As shown in FIG. 11(a), upon completing a bonding of a wire 50 to the electrode 43, the
capillary 31 attached to a tip of the bonding arm 32 is raised by rotation of the bonding arm 32, and the
wire tail 51 of a predetermined length extends from the tip of the capillary 31. Then, the capillary is
further raised up to a position at which the tip of the capillary 31 comes above an upper surface 21a of
the horizont#gilates 2arto 4 Zolvaecnitarfghd wirduistildebcuipesk awan af dbrtéirgiauitioxidatite electrode
35 of EFO. §2633)pply dinelibg in cheneeiddus dxe finsaaynconisaingas flaw Ichabeehl@escabed with
reference tonElBed todFIGRIAVER strpaciicRi@ s¢aycalrdireti®oapilhtipeshaitzs)tpedphetipair of the
capillary 31ascoorifmasiesninacy b dimansutitetfiewh ratelohdhe 2ntibsidaticgaspiowintace 21a of
the horizontarplige eachotHutiony chreswslisectioned Aadin1RGbecamen walvsiqricdtydney to this
exemplary eaibedinfsim|lagyleseibiédneitensietentiiondda®. gai suppiytinnedbdigasrnenisghere area
75 is formetbuhéstabendoainioonid prigasflanictian aatidRidaangaslivesvmdrmer thvishhiedraafoxidant
gas outlet 8. Alveondiriiglg] viirestiasiranthaapheiy@itals dineclioin RIe. fow) rdie aftidhlant gas
that has stagjniésilant gathdnwiig thad pitec2tic ohéeatiove ehannglesesiitace 18a tof fiddhorizontal
plate 21 acbeepaeyisylbistactpiiaipasameughsibis eilaghivelle@eyvastshevanbyxideswgas a solid line
in FIG. 11(8)lqe03Mronsh, the shotigihylarrdws iaveasdlithenghirorgh. hol@) 22 efmmiodidfiintgas is
blown throudpvinwaigtidisprepertiongaielsiréhameigdiidhe sotickdeghgfs Rioresese1 218 toward
the center 24 enthidenroeigzontaé RiatgorRd teayper soefeesed.a of s hdbizdnpgigsiiie 2. As shown
in FIG. 12, BHastiyelienipueridaxidadione by syrfane vietbetiérelgirlbalovd dongirgsenterline
61 (X-directhomdingeemneltins thanck e ilifer ege Yoodiekagionueditte HIFBY cdemeld hvlifoif@tplate 21,
meet aboveoidiZe® Iy BEIE, BRICANAStReANALYE JUIFIHIY. the horizontal plate 21 from edges of the
horizontal JlA@29M that are open without being provided with an antioxidant gas flow channel or a
vertical wall slitféte axereplgey aioRerigent cldde gessahrthihallttactitetederine®e @-adirection
centerline), iBheage'e3pependidiirgtionne demeyrictbe eadiredtiersckhtdinedydrt 8 alige 24
inclined to tﬁéi@Bh@é}ﬂH_%tGE@(W@mﬂ&:@ﬁl@ﬁﬁ&%ﬂ@%@ééﬁﬂeﬁ\mﬁ@@Qw ghrlndsareriine).
Further, a flb\® 6¢3he@iforidieisdastie seme iz aitdbridarauss pigc2 3anasheaeheEehe lower
side of the Rb@¥6riag paeugh BSISHRvn by arrows in an alternate long and short dash line in FIG. 12,
moves abol@3B@l upper surface 21a of the horizontal plate 21 through the through hole 22, as shown
by arrows in dN&sglicRlifkfiarent. exerap@ i cpriRadtneltskie BEthRIBBRRbAREHTHES Wil A the edges
23, 24, anddesahtesénopeiad v amurRienenes dmi isrolite & it the éfRcePMARSENIS MENeAIso, the
antioxidant 48 BRI _ﬁ‘mﬁ@ﬁ@&me@?iﬁ'llﬂdﬁ% é?&é@jr‘ﬁéﬁhtt@rgécbyltﬁbméﬂléﬂ\ﬁal% A, 11d of
the first ancF5e¥EhBbItEKEiarg e fonmieath @A RBrFRICNE v eRPROASE B3 NRIhRR plate 21 to
form an antSRid&H: g hRNPHBIEIGH3 70 IMREISERIA Y GibRtNEMN: adiRyR ¥l bfithe through
hole 22 andPEpVvidted Matvaeritdiarkudan AlesaraNHeblRplicAl lafBd £cthild Ripgk sLAB R from the
upper surfaPECfEESO AR i 2ontaPPRIES 1P BAGESBE tHReGeR(EaPREKs 11, 1141, HYréhown in
FIG. 10(a) é\ﬁtﬂ'%l@fﬂ@%@@ﬁ]pw'ﬂﬁs&%é‘hﬁHﬁ%&beFﬁwﬁ% YREANHERPAAb G ABIEdRAINEES area 75
under the hBRdoAtdhpdtantoniBRtnaAs HP'hERANBRIISH: feoeiataasiBeel BIbPfbr the third
antioxidant 9RLIGEI{TEEN iR Yok LR e Af AR HtiEkiBk dhvolpMersarese d-Hh a%e upper
side of the ROAYBhtRIFELS 21 AhBEMEBrTrilfy &@aipﬁgﬂﬁr@)mmﬁ@"‘éﬂfoﬁ}@ ideeubkPEliieace 21a of
the horizontRiTglabdosk AL cRAsIHE RRe aplirdhastioxidpiiugas &laives iﬁ%v@ﬁ"w g&efrom being
mixed into tﬁ@“&’%ﬁﬁﬁ(’i@ag\%?hl&bﬁ%%@pH%Wé@?ﬁ%d@?vdﬁ%fo‘?h‘ﬁw&% ¥ebe JiP®APEETat the tip of
the capillarxfé’;}i?‘ﬁ% dhevi ﬁtl@'.“ilt(tS)CByléérﬁ%r'ﬁti% é%ﬁéﬁl@@ﬁ/@én%@‘@%cﬁlﬁé‘éc%%f%Fo and
the wire tail1160 0@l Riese the: capighPeD il thiCaftickieRMESRERH S herd Ereant®XitRMossible to
effectively @%%Jm%mbg%@é%tem@fl%_é%ﬁ}t%rzﬂ!ﬂgﬁge@fal?sm%tMﬁagﬁ
atmospherSB 70 des HothaiGie eieBopt LBy JER. SO0 PSS HESEHPR AW i@ this
exemplary ERRRIBIRID 33sCriebABeantditaetad PriRk arPuadiRSiPsebb RIS bPdsite of the
second bloQPTEH AT RBRKEEN 1AB HGOHIBER FRa NP SRPRGEY 81; aftFavstiRgelitriine 84 of
the third anfB¥REARGLIASWORAHRE HUrdxaHIRXIARAE BRe eHes B3 tih iRy tha Qe d8&he
direction in SRRIFPER HOMERYRIRD DS SRR YVHIWEJBICRRIASHg as the third antioxidant gas outlet 83
faces the céP@3khe 63 of the through hole 22 and directed toward an area around a position where the
capillary 31 isNPYuGHt PREGINAQNIA WEsRRRE 2Br#elRitBdiRusiSAYIAHE v BhGoxidant
gas outlet S2ESRIPSWIFEIRECRSR AR S B E l\erjrjlfgcticﬁ'ﬁ B RYIBMRNS A arRelistesent
invention is'f& IMitka SAnE8pyReNidaniaaseth somRieRdrandhe fiTabisee A, AR 4BHH or
modificatio® WHMEAR0E TN PEN thee chficals §hattheirdireh 158 Hrade R\ ARKEN as
defined in tREEXHHEY: 9438 lRYeRraRST ol DEcARSRDSEFN RNh g through the

outlets 16, 17 and 83. Flows of the antioxidant gas from the first and second
antioxidant gas flow channels 12, 13 are directed toward a center 22c of the
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[0038] 10:antioxidant unit 11:main body 11a: first block 11b: second block 11c, 11d:vertical wall
surface 1le: curved surface 11f: third block 119 :lower surface 12:first antioxidant gas flow channel
12ato 12 d, 13a to 13d:flow channel section 13:second antioxidant gas flow channel 14,15:guide vane
14a:first hole 14b, 15b:guide vane assembly

through hole 22 along the upper surface of the horizontal plate 21, and a flow of

the antioxidant gas from the third antioxidant gas outlet 83 is directed toward

around the electrode 43 with which the capillary 31 is in contact in the center of

the through hole 22. Then, the antioxidant gas from the third antioxidant gas

outlet 83 forms a stagnant area beneath the horizontal plate 21, and an

antioxidant gas atmosphere area 75 is formed around the tip of the capillary and

the electrode 43.

[0032]

As shown in FIG. 11(a), upon completing a bonding of a wire 50 to the
electrode 43, the capillary 31 attached to a tip of the bonding arm 32 is raised by
rotation of the bonding arm 32, and the wire tail 51 of a predetermined length
extends from the tip of the capillary 31. Then, the capillary is further raised up
to a position at which the tip of the capillary 31 comes above an upper surface
21a of the horizontal plate 21 and a lower end of the wire tail 51 comes near a
center position of the electrode 35 of EFO.

[0033]

According to the previous exemplary embodiment that has been described
with reference to FIG. 1 to FIG. 7, as shown in FIG. 6(a), when the capillary 31
rises, periphery air of the capillary 31 accompanies the capillary 31 through the
through hole 22 above the upper surface 21a of the horizontal plate 21, as
shown by arrows in a dotted line in FIG. 6(a). However, according to this
exemplary embodiment, as described with reference to FIG. 10, the antioxidant
gas atmosphere area 75 is formed under the horizontal plate 21 with the
antioxidant gas blown, from the third antioxidant gas outlet 83. Accordingly,
when raising the capillary 31 as shown in FIG. 11(a), the antioxidant gas that has
stagnated under the horizontal plate 21 comes above the upper surface 21a of
the horizontal plate 21 accompanying the capillary 31 through the through hole
22, as shown by arrows in a solid line in FIG. 11(a).

[0034]

Also, as shown by arrows in a solid line in FIG. 11(a), the antioxidant gas is
blown through the outlets 16, 17 of the first and second antioxidant gas flow
channels 12, 13 toward the center 22c of the through hole 22 along the upper
surface 2l1a of the horizontal plate 21. As shown in FIG. 12, flows of the
antioxidant gas respectively from the outlets 16, 17 move along the centerline 61
(X-direction centerline) and the centerline 62 (Y- direction centerline) over the
horizontal plate 21, meet above the through hole 22, and then move outside of
the horizontal plate 21 from edges of the horizontal plate 21 that are open
without being provided with an antioxidant gas flow channel or a vertical wall
surface; the edges including an edge 25 perpendicular to the centerline 61
(X-direction centerline), an edge 23 perpendicular to the centerline 62
(Y-direction centerline), and an edge 24 inclined to the centerline 61 (X-direction
centerline) and the centerline 62 (Y -direction centerline). Further, a flow of the
antioxidant gas from the third antioxidant gas outlet 83 comes under the lower
side of the horizontal plate 21 as shown by arrows in an alternate long and short
dash line in FIG. 12, moves above the upper surface 21a of the horizontal plate
21 through the through hole 22, as shown by arrows in an solid line in FIG. 12,
and then moves outside of the horizontal plate 21 from the edges 23, 24, and 25
that are opened and without being provided with the vertical walls 11c, 11d.
Also, the antioxidant gas blown from the outlets 16, 17 forms a stagnant area by
the vertical walls 11c, 11d of the first and second blocks 11a, 11b forming the wall
surfaces perpendicular to the horizontal plate 21 to form an antioxidant gas
atmosphere area 70 that spreads horizontally including an area of the through
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14c, 15c:external cylinder 15a:second hole 15d:groove 16, 17:outlet 18: first antioxidant gas supply
line 19: second antioxidant gas supply line 21: horizontal plate 21a:upper surface 22: through hole
22c:center 23, 24, 25:edge 31: capillary 32: bonding arm 34, 61, 62, 63:centerline

hole 22 and an area between the through hole and the vertical walls 11c, 11d,
with a height from the upper surface 21a of the horizontal plate 21 to top edges
of the vertical walls 11c, 11d, as shown in FIG. 10(a) and, FIG. 12.

[0035]

In this manner, by forming the antioxidant gas atmosphere area 75 under the
horizontal plate 21 beforehand by the antioxidant gas that has been blown from
the third antioxidant gas outlet 83, it is possible to form an antioxidant gas
atmosphere area 70 on the upper side of the horizontal plate 21 while preventing
the air from coming up above the upper surface 21a of the horizontal plate 21
when raising the capillary 31, and thus to effectively prevent oxygen from being
mixed into the antioxidant gas atmosphere area 70. Thus, when forming the
free air ball 52 at the tip of the capillary 31, as shown in FIG. 11(b) by generating
a spark between the electrode 35 of EFO and the wire tail 51 of the tip of the
capillary 31 in the antioxidant gas atmosphere area 70, it is possible to
effectively prevent oxidation of the surface of the free air ball 52 because the
antioxidant gas atmosphere area 70 does not include air containing oxygen.
[0036]

As described above, in this exemplary embodiment, it is described that the
third block 11f is disposed on the side opposite of the second block 11b with
respect to the first block 11a of the main body 11, and that the centerline 84 of
the third antioxidant gas flow channel 82 extends in the direction substantially
the same as the direction in which the bonding arm 32 extends. However, as
long as the third antioxidant gas outlet 83 faces the centerline 63 of the through
hole 22 and directed toward an area around a position where the capillary 31 is
brought into contact with the electrode 43, the facing direction of the third
antioxidant gas outlet 83 may align with the centerline 62 in the Y direction, for
example.

[0037]

The present invention is not limited to the above described embodiments, and
can include any alteration or modification without departing from the technical
scope and the spirit of the present invention as defined in the scope of the
present invention.

Description of reference characters

[0038]

10: antioxidant unit

11: main body

11a: first block

11b: second block

1lc, 11d: vertical wall surface

1lle: curved surface

11f: third block

11g: lower surface

12: first antioxidant gas flow channel

12ato 12 d, 13ato 13d:

flow channel section

13: second antioxidant gas flow channel
14, 15: guide vane

l4a: first hole

14b, 15b: guide vane assembly

14c, 15c: external cylinder

15a: second hole

15d: groove

16, 17: outlet
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35: electrode of EFO 36: mounting hole for the electrode of EFO 40: mounting arm 41: bonding stage
42: substrate 43: electrode 50: wire 51: wire tail 52: free air ball 70, 75:antioxidant gas atmosphere
area 81: third antioxidant gas supply line 82: third antioxidant gas flow channel 83: third antioxidant

gas outlet 100:wire bonding apparatus
18:
19:
21:
2l1a:
22:
22c:.
23, 24, 25:
31.
32:
34,61, 62, 63:
35:
36:
40:
41
42.
43:
50:
51:
52.
70, 75:
81.
82:
83:
100:

first antioxidant gas supply line
second antioxidant gas supply line
horizontal plate

upper surface

through hole

center

edge

capillary

bonding arm

centerline

electrode of EFO

mounting hole for the electrode of EFO
mounting arm

bonding stage

substrate

electrode

wire

wire tail

free air ball

antioxidant gas atmosphere area
third antioxidant gas supply line
third antioxidant gas flow channel
third antioxidant gas outlet

wire bonding apparatus
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What is claimed is: 1. A wire bonding apparatus for bonding an electrode of a semiconductor chip and
an electrode of a substrate with a wire, the apparatus comprising: a bonding tool for bonding a wire to
each electrode; a horizontal plate provided with a through hole allowing a tip of the bonding tool
to be inserted and removed,. a first antioxidant gas flow channel for allowing an antioxidant gas to
be blown to a center of the through hole alMdftptis appereslisace of the horizontal plate; and a
second antioxidant gas flow channel for allowing an antioxidant gas to be blown to the center of the
through holé.aldhyitieehqsing afpesaifithtohbonokingl platdnteodearftiarseuictmatigigimiisecting with
a direction iangtachelretfiosicanitiaddbstr gtesviibvahartndhexappdsatus camerisinghe horizontal plate is
configured such tha thendimpiidgdfeighsrsinge vpretsedabetsfiatiedsorizontal plate is allowed to flow
outside the horizongal izofitah plade podwdetovidingl thisteg thdelégelidyding prdigdetl thith no
antioxidant lgasdiog/toleatmbke MsHitedipadhorriogealparatus according to claim 1, further comprising:
a wall surface providdusirati@xigpst gasdtaotiieaneritasralopiag an antihddaint hasxalbsurface is
disposed ardlond dperipheigr oifaihe ubicaughhkdiesakmipridampgissisiach airibe hoizrntaperiphery
of an outletplftheaiktond antioxidant gas flow channel, and between the peripheries, the wall surface
having the antioxid@nsegenideastigxidant grsdiayogha e daripd uingdisy Spdtanbgesréing to claim
2, whebeirbipenvah siacentaprobided sheaeahapale fidang gbepHeEpEbisHdaneo@iH@le in the
horizontal plaézantahglateeibendirREtppaansicatiedintereattng avith a diresiénn anpohieh of each
antioxidant esfiisthasiigiisia idak tongaoaneat &xtaipmding outlet is a straight pipe conduit
extending along theAligieinstirtaberdrantahptatensconliigused such Jairéie agiitrdeat@asr
preventing e Hitioxurett gadaesmadrifiaghenentabdwimiisapliovwedripoftn ouésidr digight pipe

conduit. 5. TREZgIREabpIAIMGPRIasAdberanizantaamate, the edges being provided with
no antioxidant gas flow channel.

2. The wire bonding apparatus according to claim 1, further comprising:
a wall surface provided on the upper surface of the horizontal plate,
wherein the wall surface is disposed around a periphery of an outlet of
the first antioxidant gas flow channel, around a periphery of an outlet of the
second antioxidant gas flow channel, and between the peripheries, the wall
surface having the antioxidant gas be stagnated thereabout.

3. The wire bonding apparatus according to claim 2,
wherein the wall surface is provided spaced apart from a periphery of the
through hole in the horizontal plate.

4. The wire bonding apparatus according to claim 2,

wherein a portion of each antioxidant gas flow channel connecting to the
corresponding outlet is a straight pipe conduit extending along the upper surface
of the horizontal plate, and

wherein a guide vane for preventing the antioxidant gas from drifting is
provided within an interior portion of each straight pipe conduit.

5. The wire bonding apparatus according to claim 4,

wherein each guide vane comprises flat plates disposed in a crosswise
manner, partitioning a cross section of the straight pipe conduit into four sections,
and

wherein the flat plates are arranged in a manner inclined with respect to
the upper surface of the horizontal plate.

6. The wire bonding apparatus according to claim 1, further comprising:

a third antioxidant gas flow channel for allowing an antioxidant gas to be
blown to the center of the through hole obliquely downward from a lower surface
of the horizontal plate.

7. The wire bonding apparatus according to claim 6,
wherein the first antioxidant gas flow channel, the second antioxidant
gas flow channel, the third antioxidant gas flow channel, and the horizontal plate

12



wherein each guide vane comprises flat plates disposed in a crosswise manner, partitioning a cross
section of the straight pipe conduit into four sections, and wherein the flat plates are arranged in a
manner inclined with respect to the upper surface of the horizontal plate. 6. The wire bonding
apparatus according to claim 1, further comprising: a third antioxidant gas flow channel for
allowing anatetipxidmiechias todasistovmbiastheiéraedof the through hole obliquely downward from a
lower surface of thenthaigontthiglaemmdamedase huvidiograppsestus stbraintpreclairarged  wherein
the first antaadadtaypsrifpve shahaelpthitetet teifuatioriixaid gasFasflonaginahnak aodrahéioxidant
gas flow chpariphenydofharhotittehtdl thiatee eoo prvidxiltort gasrfiowchagealnitndritetweanherein the
common bdbe upériirapaseskevalblusfadecardaybtbatbendatioxiifshdngesahe wslegobted first
antioxidant eseRivodhannel, around a periphery of an outlet of the second antioxidant gas flow
channel, and between the perlpherles the wall surface having the antioxidant gas be stagnated
thereabout.8. THeewirie ? diieottoctdimas,  wherein the third antioxidant gas
flow channel aIIowsWherm@XﬁjﬁnlthaBtt@ﬂ@lﬂlbgﬁstfmee:hmethéll@(Wﬁdthg ®YI0gidANé gdse bonding
apparatus dedeeddt@yio tidine 1ip of thenbesidinigetdoid antioxidant gas flow channel allows the
antioxidant gas to be blown to the tip of the bonding tool. 10. The wire bonding apparatus according to
claim 2, further EomprikgrizpndinghapnactivgeasteldieiiciRime’ off (EFO) for forming a free air ball by
generating a spark Yégeveentieting axiensliagtaandlay chavnpbatipvgstte andakisieal ade electrode
of EFO extéadiaddiaovn tatiee tneobthRdondits 9ahe first and second antioxidant gas flow channels

toward the through hole of the horizontal plate.
10. The wire bonding apparatus according to claim 2, further comprising:

an electrode of electronic flame off (EFO) for forming a free air ball by
generating a spark between the wire extending at the tip of the bonding tool and
thereof, the electrode of EFO extending from either one of the outlets of the first
and second antioxidant gas flow channels toward the through hole of the
horizontal plate.
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