NAME OF THE | NVENTI ON METHOD FOR MEASUREMENT OF

STRAI GHTNESS OF METALLIC FINE WRE AND MEASURI NG

EQUI PMENT OF SAME FI ELD OF THE | NVENTI ON [0001] The

present invention relates to nmethod for neasurenent of

straightness of netallic fine wre and neasuring

equi pnment, wherein nethod for neasurenent of

straightness of netallic fine wire drawn for use of

bondi ng both ends of cut wire at a definite |ength,

where the range of wire dianmeter is from0.007 to 0.1

mm especially fromO0.015 to 0.025 mmsuch as in wire

bondi ng. STATE OF THE ART [0002] Conventionally
ARtROF T eEMri@gndr awn has been treat ed in the shape
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Wlar%ttsﬁtngaqfavge laP%terla ﬁtﬂh .nepa sPpdaltoifein 015 to
UaSrmay sughas edise boigénss, and i f necessary, are heat
treated before drawing or in or after. Meander shape
STATE bésBEHRARE i s used to be neasured conventionally
[oo@ilng naked eye nethod (Japanese Pat ent Appl i cation
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ve ?%V@tﬂ maneg, gugh gpin le 5?1?9@1&13@5&. Igad foF srmsey bead wire
for piorapbileisreansrbonilingivies forsemispndistorgaviarent b as bump wire
andé)t)h«hdg witedbebarsling diedectiocirait deers ané devtaik wasuit byard.
Adcotlivg mbuat s ids¢ inchllic MRERIrO8drd made 0F fleta® fich bs Au, Ag, Pd,
PtONBW@Y FANGYPb Yson, MEBE&e tl?@cﬂttétq%t‘e&eﬁf offeln &Eﬁ%ﬁrhtlloys are
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“had been devel oped, V\,hl ch eval uat e
Mearidgs Siapsakbessrwirssds preddo e meeasirgg sen¥eRgomlly vsigg naked eye
mefbod Hrpanciekaern Anplieationio.dlije] 90608 hixnging down Rieswire under
grobiye Conseguertlyeitihas beenakidrthatahp petiegwidih obfetiles shape is the

warhy & ghtless BRI Blapgio fonfl deRBS godidtocessi ng of this
i mage. This eval uati ng equi prment projects

[0 ﬂl mensi onal phot ographic i mage from 3- di mensi onal

S e
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Henge.vapifligants of the present invention had proposed the evaluating equipment
(Patent reference No.l: Japanese Patent Application No. 2002-124534) had been
developed, which evaluate straightness of the fine wire, unloading out to definite length
from the edge, illuminating this objective material, taking a photograph of this objective
material and computer processing of this image.

This evaluating equipment projects 2-dimensional photographic image from 3-
dimensional shape of metallic fine wire, preferably, since metallic fine wire is
continuous wire, it is recognized connecting incomplete images as meander curve for
correction. Comparing with case by naked eye method and with this evaluating
equipment, it is possible to decrease dispersion of measured value of straightness. (Cf.




correction. Conparing with case by naked eye nethod

and with this evaluating equipnent, it is possible to
decrease di spersion of neasured val ue of straightness.
(Cf. The sane application: Enbodi ments of the

invention; No. 5, 6, 10, - 12, and Conpared exanple
No.1l, No.2 in the Table 1 on page 5.) Moreover, in the
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all, it is explained on Patent reference No. | here.
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sntadl sfengadertg o th nitkabesiread dth to be eval uated is
al nost |l ess than 10 pixels, the higher straightness

[Oggﬂomesdt he har der to con{ i rm whet her Ioggge or small
anderi nmoni tor creen. econ
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talofn out from a spool, when Au wire with 18 micron meters diameter and 350 mm
length would be floated on the surface of pure water container.
Even if such metallic fine wire could be floated, the Au wire was suck to sidewall of the
container by surface tension, it was difficult to keep right position and right direction to
the image pickup apparatus, and it was not practical to apply manufacturing site.
Moreover, since the wire is cut at both ends, stress of cutting comes out some bent at Au



wat er because of naturally 3-di nensionally neandering
netallic fine wire, which are taken out froma spool
when An wire with 18 micron neters dianmeter and 350 nm
| ength woul d be fl oated on the surface of pure water
container. Even if such netallic fine wire could be
floated, the Au wire was suck to sidewall of the
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reference No.2), it is hard to evaluate whether
[ooegsur ed val ue of bent by cutting or neasured
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Coefrgely, ivakies defiett io tbrenmbbindiimgs:av atisatd fehafimnbond, after
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g?ﬁ'% rﬁ’éf%h F1' PRECR gg""’a‘?‘f& h%‘gﬁ?G ’é‘ﬁ’éﬁ?ldﬁbf frg%Jp 4P Ponicrons, as
fioritchihas peengpgrassadly the Frace Gejviran avitgurar ivite hsbepame
nﬂmw@r rféer@f:,t sbighciatlinertydmet bédni judgddree leaningalefiComber tmicy
bdteesn wige def @at id ivoad) Rondglerco of hixgowa@apadthal dodn iabrehtd as
1e§mﬁguefe@rjﬁd Iﬁéfﬁgr form ng the first bond by bonding a

HG@H@@ rH ?e!e of¥te é‘lﬁseml&ﬁxdh&ma@e BeQfme h1ig117r finer pitch

';F Al %Ben PiEHores Sua%{t%%; RSt ORuS ¢
Saa%ﬁrﬂ gew Hingt B 250l Tre gy diggnctor has
begn shanged Anpiekkem 3 Oyaisran - mplersdh 1§ paiseonhaetclsedfcttlhmeags for
legning defectgieddye Fenynmpoartt gssBS imthe casesnf vits: fincheiréi ner
pitch has been progressed, the space between wire and
wire has becone narrower. Hence, slight incline had
not been judged as | eaning defect when space between
wire and wire is broad, consequence of narrower space
has been increased as |eaning defect judgnents.
However, degree of integration of sem conductor device
has becone higher, finer pitch and finer wire
di anet er has been pronoted sinultaneously in recent
years.




Pitch space has been changed finer rapidly from 100 to
35 mcrons, wre dianeter has been changed finer from
30 micron-neters to 15 mcron-neters. After all, neans
for leaning defect becone very inportant issue in the
case of ultra fine wire. 3 DI SCLOSURE OF | NVENTI ON

| SSUES TO BE SOLVED BY THE PRESENT | NNVENTI ON [ 0007]
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egctl ca er accurate neasur
eqw prrent t han conventlonal one and attai nnent of the
i ssues. | SSUES TO BE SOLVED BY THE PRESENT
ISﬁWET\ﬁiB(E\SOPU@@Sﬁ’YﬂJFE BRESENT INAVERNTHANi s rel ate to
a method for measurenent of straightness of netallic
[0008le wire, the nmethod is featured hangi ng down
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firtusiebetOkes 864 pAARCl IR ORRI 1ABA Bb&fc-bRRE] Yhageftih8dgraph
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r
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improve measurement accuracy.

[0009]

Moreover, the present invention is related to a measuring equipment to measure
straightness of metallic fine wire for wire bonding drawn, comprising;

a) Guide ring with a through hole for positioning of metallic fine wire hanged down



is calculated into digital data and transforned into
2-di mensi onal curve, using expanded imge, which is
expanded along width direction in order to decrease
error in transformation, and dianeter of the
above-nentioned netallic fine wire is featured from
0.015 to 0.025 mm each section divided of the
abewes spyaL i oned 2-di mensional curve, is overlapped
r cont |
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VPP sﬁﬁﬁl |°°%§?ﬂ’de£iﬂé(rf8 eﬁiﬁa SHRRC 5%%@%’89 apdto make it
eaW (EOBEFFPHPIH@ tTherefore, it is enabling to meet to
requi renent of inprovenent on straightness at higher

DESURIPTION OF THE M(YE eREFERREDAEMBODIMEN® re for wire

[obpIdi ng under outstanding trend of finer dianeter and

Infth® %{éed@g@ ggfer%t%{}{ ee%ﬁ&fﬂod B 'slsn‘alggt%gs g%%e a'llﬂ:eﬁﬂé) a?g;lg done by
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Framidevéntor srgssardlo meapdarimgiaictad l¢aningDESCRAPTH MbhtaEss Bfimetallic

findOBiFe RREGERREE] B3CRlalVENEen(l®@didhture radius, bend of small curvature

radius.

This relationship is shown in Fig. 2.

Bending shapes of metallic fine wire of examples for length of measuring range are

generally shown in Fig. 2(a) to (d).

(a) is an ideal shape of small meandering width. (b) is a gentle bend like “wave” or
small curvature radius, (¢) is a generated as meandering as comparably large
curvature radius, and (d) is a small curvature radius like “bump”-shaped bend with
“wave” and “loop”.

When meandering width on these curves are measured in the case of Fig. 2(b) to (d), the

difference of these shapes do not generally reflect to value of measurement, any one

becomes same value as the maximum meandering width.



In the present invention, evaluation of straightness
of nmetallic fine wire is done by neasuring degree of
nmeandering, dividing length of 2 to 25 tinmes of

2-di nensional curve gotten frominmage of the wire as
t he base of |loop length in wire bonding same as cut

I ength. Frominventor's research, meandering affect to
[obeAni ng defect as stralghtness of metallic fine wire
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Hellcéo%ﬂall ¢uceatpteaadiug byndamast @ffcted leabiag detstichadictapistibrelike

abosorgentbnsk karcaldeteend. cm  does not al nost affect to

InShrdeitg BEBE S alf curvateB rzllcﬁ@fﬂzlﬁ&tlﬂgfe@ﬁﬁlg de¥ect, RRa8lrBeEnt by

dibRRD sebfort 1|Eﬁ tﬁ%ﬁ‘e on@%@% ?S a@%dzus% Qg&aﬁﬁtédn %g@njég cle

15

CL&\L/!E{UYI%E‘#HI a?urg ra(ﬁu ecteé gx gsglﬁlgtlw El’é (flﬁvatli;re
rafis Serrespnf 0d %%f‘éF L HNE M W A

out standi ngly, especially if there is such a bend at
[0Bb3di ng portion in bonding wire, even nmeandering w dth
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SIH%H%EBS, OE éﬁti afn%ﬂgﬁgﬁscml ldnﬁ&'&f’t%ts%tfo % aP?o a3 - d1

to dIB %ﬂi g %Eﬁ%pz?lﬁyl mport ant . Hovvever
G?%fk?"f?gg 5 ng: gl ﬁeéﬁ‘%‘ﬁ? PRSI gem - a5 Rhown i (a), each
tﬂrmg)yﬂ ﬁ?@ﬂli’?@ls smsllHa decdionebrpnge of neanderi ng
Mbre@mromaaddrmgem@t longersspiat, dseshowmsn faxamilie) varwe, iamakasured as
eragt@nteniidth 8y Wwaedané Uloopt ubeeshaading tovttekmath fd@nﬂe&tﬁm& in the
figulre.| ThedStRAIOY 38" BR¥OMIGp TBANERLAG 1¥ASHh B d8I&ection than
cu? r&cHBQ/ Qﬁé“:/ﬁué B?KJO%S gﬁ'{%ﬁeﬁgﬁtthgun%%})? %hnl)r?e%%&%denng of the

a(fler %Brv% uéer: F5dise liRe sﬁort cycle of bend in (d) is measured as larger value

accordmg with approaching to cycle or curvature radius of the divided length.

[0014]

Appropriate length of divided section or number of divided sections, depends on
diameter of metallic fine wire, or loop length of bonding (where it means overall length
unloaded out from spool. Namely, in the case of bonding wire observation from vertical
direction, though the length as a plane is same, loop length becomes longer when loop
height becomes higher. Hereinafter it's same.), depends on making a loop such as loop
height, and length of examples, but in generally for defect like leaning defect, it was



above-nentioned, is not detected. In order to detect
smal | curvature radius affecting |eaning defect,

nmeasur enent by dividing section | ength correspondi ng
to curvature radius to be eval uated, bigger cycle
curvature radius or some curvature radius is neglected
by abstraction, the curvature radius corresponds to

fo‘hh@ﬁﬁt shal lincpélllbi"ta\lal{f& offheb@dirtifudeSadifs BE n‘fgﬁg 8& 8ue as a
m[v? @9@%\/}&& e\%ﬁen tﬁ AL A OEJ ea@n le{d% éec%gn s Inaeﬂa&f%ne
i il ol

ur TRdenEh et abvegpenitans
Nefe F lh’@w&%&‘é@% 1F #p mpkegythe iengﬂh {hYstimegy @ﬁ@usw@w be
dipecy pempirod aiithquactisal eonditiended to sections of al to
a3, ---; dlto d3, and these divided ranges are
[0ov&r | apped partly. Good stralghtness fine wwre with
MIRRkLr, n’f@glﬁ*lngaﬂﬁﬂ%ﬁaéfl the 0}995%111: 1&%}1&5}9 Wid aQL@te sﬁa‘zﬁgﬂness by

f %Hegﬁﬁe 4% gm\%t %QIdiIH {0 ééqq'véc’ g‘gﬂ%sﬁ ﬁ) fyength
‘Eﬁap 18 g‘@uv\/é“re 0‘?@%\%@%8 %§§§f§}2§j§)’%§u‘f"ﬁe digitigedh ':affiriputer
PT@%‘?E%g G&ﬁwfeq dopee, cbyidwgpidba di-dimensionhl clrepgithisdiblé dedine up
refuikige apcurdny corigpemling e peyfotmamt Sfivanagde piodéssing apparatus of
photexpgphy equipihents ettingr reqeR@! hi@h-ddintidcie dmsQC FrohehMBR widih
mEALLIAIHE By BRGNS hdtB@raW!;ééﬁo@@Pﬁ@ﬁﬁﬁﬁ@xlv . On the

A$ ﬁlgéhﬁ(ﬂ{elﬂ be?c!}Qrﬂ fsrregﬁc e aﬁ) dt 8&8 e[ma? %rfglact:a %urlng a
nflaﬁl Bensc’i of.¢ mé)st § ogﬁgl’lug IH qf & t&, (é VE}FG of less

ar ger
thitg P & qsamlﬁen-a?ﬂqrﬁ edlapetreﬂ@a epfiast qlothgapresent invention.
Howprespit ilnhard) tergjepare fsueh vhefegrapy eijaipment oflitheerungier of pixels
codiespoaidthgde that.olusl thdeppmds isdargedi anet er of netal lic
Héricae thak reaptuding [tBe Pmb &) gﬁmcmﬁ)ahm@ﬁem end WX &n hﬁlag@e ileably and
pr@Ue@.ﬁlﬁé lit frﬁﬁ&t ﬂbsmﬁfél 03 HrAHER-HERTSR ﬂﬁége HNag! e&ulgh{én‘[ burden

he &Rseq i EBH gwre observatlon romvertic
|rect|on the l ength as a plane is sane, |oop

gth becones Ionger when | oop hei ght becones
[Oﬁf her. Hereinafter its sane.), depends on making a
Nexsoibe smege talen iseppantied ity widihdireaiogt h of exanpl es, but
As an gfoera] leys hlmtratoh eedr ati dpgicl sanisngnadieiCl appéaryval®ng radius
difeoti;rd] dnhigk ifapd |0f alteh B Gnt VM@B 1488n afonk 6&8s AHEMRURRUgh the
oﬁil@@'xfésne?g'h%o% 1\éﬁ%1%€en€t?‘ éJ% Wl% Hﬂégtﬁaegl ﬁ{ds\/\fh?tulihuence

Wl
gre

13?»’91 Mfe V%pq mea 1*181%0({11 Elglxjris; : 81’1?&"14 that

m?%ym#hghg§5We’H@ﬁgg@ﬁgﬁeP% gOIEAMFA.  Moreover, it is

Captringaehinipg MBageonniee Ve éhqnechgttmrg aso2-gdBnanisiveg], curve, in ultra
fingeiae s objectoedithd eresditrivamtipn.cbepatiimd ofiphbtopraphici icabe tends to
becandiindigiimcf BY Hifractidar elgt andaadiffuiedgeMedtidagwabn tipgtizing just
asPf SR MihcleAMVAMAOSY the 1ihe) 1RViR @%@c&ﬁés%lgzlﬂété‘ 85 ShdMfluence, and it
haSBRSHEHRYo 'H?:@R:g%r ra%dc}frk Vo'n Lﬂisﬂeg{]ﬁlllal curve by

e SR RTBPRLE My deliur %ﬁf—‘ Al %dw?%opl zed by

computer processing captured inmage, dividing the
[0917i mensi onal curve, it is able to line up
Since 3-dimensional deformation of metallic fine wire causes to various histories on

working process like drawing and heat treatment, is generated complicatedly with
complex mixture of these causes, it can only grasp a part at short and discontinuous
section. However, observing the wire along one definite length, these deformations
appear almost all combination of various deformations along length direction with
changing direction.

Therefore, it is possible to grasp almost all these characteristics of meander generated



requi site accuracy correspondi ng to performance of

i mage processing apparatus of photography equi pnent,
getting required high-definition inage for neander

wi dt h neasurenent by dividing photograph section of
metallic fine wire. As nentioned before, it is

requi red that expanded high-definition imge for

orf ARtallld ik Rire %Smllsingkl&f%ih of b tﬁ{dn%&nrs b ikt 4o 1 'cﬁ@rdeétl Eecﬁions of

| mgi ng of ul tra ine wre of l'ess

ag{ cron -nmeters as an, object of
T‘%ﬁf‘&ﬁ%ﬁ% é%’f‘l’le IR ﬁrlteraqao@sileesep ol B b
dedstrrngsh 8Y odferish gt e pafemetallic tiine milebwrwandpd Xers the spool
copgretads pomaticagys e denpth isAmdliditre teatpbihedength isaalgmst 30 to 50 cm,
thblegicie defichdsorcaptwird digmtee i mage, which partitioned and

TEL@QKWSJEH bdTHOR 1§bh|ef€@§1ilé’ t@B%rla@rV?i‘ﬂ?éﬁthher' BedKLER is possible to
mfé?c?iﬁé ﬂ‘% %fa]ikgjjég éz{cfé othie et (?xg:; 'a@!)etél Sg&bél%ngﬁf Pﬁ?ﬁcaﬁlﬂ[abaxieéﬁapped

I % h g e{%lgen j s expanded into w

‘eﬁ Rfs%ﬁ thainaetgliicdineayire g an %W§°ta0c§élﬁaalifﬁ@ﬁntd‘élﬁr0 047 to 0.1 mm
digipetes especslly §.0d fdp 0.03Renmdizamsiesar s al ong r adi us

Bepiansecthe ovire haw stiffecss mmageelh fwheatbahding, ihiwidciwihedldwak®wire inhere

is diduleg byahkd stiffictiss abbh G Wwite alsgletdrReoR@ thitk@Xihn 0.1mm. On the

congthghReniende ﬁﬁ.n&hlﬁg of %ultrﬁ\fﬁﬁ \Mfre Qégoﬁle‘é\"dﬁﬁl?ulﬁ WhES it RRomes

togﬁﬁ@gga ‘ﬁﬁﬁﬁ uénce 1s small. Mbreover
nmeander ‘'of 2-di mensi onal curve is magnified wth

that only wdth direction, and it becones easier to
measure. Capturing obtained image in this way, then
digitizing as 2-dinensional curve, inultra fine wire
as object of the present invention, the outline of

phot ographi c i mage tends to becone indistinct by
diffraction of light and a diffused reflection, when
digitizing just as it is, at unclear outline of the
line, the imge becones discrete by the influence, and
it has been able to decrease ratio of error on
transformng into 2 dinensional curve by expanding

di aneter of wire beyond definite value to width
direction. [0017] Since 3-dinensional deformation of
metallic fine wire causes to various histories on
wor ki ng process |like drawing and heat treatnent, is
generated conplicatedly with conplex nixture of these
causes, it can only grasp a part at short and

di sconti nuous section. However, observing the wire

al ong one definite length, these deformati ons appear
al rost all conbination of various deformations al ong

l ength direction with changing direction. Therefore,
it 1s possible to grasp alnost all these
characteristics of neander generated 7 on netallic
fine wire by using length of these conditions to neet
to divided sections of photographic inmage. The | ength
of sanple to neet to criterion |like these
characteristics of neander should be



determ ned by degree of wave of netallic fine wire
unwounded fromthe spool concretely, enpirically, the
length is sufficient that if the length is al nost 30
to 50 cm though it depends on the wire dianeter.
Thus divided section is preferable to overlap with
each other. Because it is possible to interconnect

EMDMW}F?HE*PKE&@ETNNW#I ed section. It is

ctical that overl appe range is 20 to 70 % It is

bl e that f as an_qQbject of
H%sygﬁr SRR G 4 reéa'%ﬁwe%&fwmpgﬁw REsSsEiCEetipn arc

explagnes! peregopgrstelhydickprcitg figseause the wire has

Figt il shaes 9ne rexempls] 6f emhedimsondf thg, picseviinehntiomeinf thaviigure, 7
shofvs\bianged diver exanie hictdinfiby wike 13 shdwngissossty édi@ment, 13
SHoMw Qm@g@iiﬁic%m zﬁﬂﬁﬁﬁust hi ks tahrﬂﬂm%rlm'fbh% r’:'BQusmg of wind
h%@ﬁ"td' eVentlikfldn ﬁo@apﬂhﬂ obts IJTI‘c!nt &rﬁntdﬂ{}vn§ s Espoot

Alc, “EIIVE%j'I 833’ et C‘%FEE@ENT | NNVENTI ON

50018] Herei nafter, neasurenent nethod and neasuri ng
[08&Ui prent of the present i nvention are explained nore
(Mende boldinpethic fimk evienci ng figures. Fig. 1 shows one

Sexh 0P kvichf is evduadimetallaf fihd evife] BS@PbortdVRMd Mle tb Rothldet the

uﬂﬁeﬁm ﬂousizrgﬁoiﬁgﬁh%bgs gopﬁé;r{@q Erli( g@ ) tﬁlerfﬁétéllhk ﬁfﬁe fv\hfereraé 3 definite

Il SSI iy togr o ﬁa{aﬁa@& iy 3 R e e pheapy influence

% ¥ S Rlrfesraph ﬁﬁél?ﬁl\}%“téh the ehgerwatian windaw of psovind shield
%@ﬁdﬂwml%tﬁlﬂlp ding wiee i6i hangech dows instidwi im ouler the prevemt. waving of
the G089%nd {dveanblt o ekl positian labairfttlyeinvwhe egntSpoedDthe3photographic

eqoipngdnt i tsy Wagit @owetial nb@llfd Me: Wik Qhroh?h & URRRY ﬂiﬁgjvﬁtﬁ a small
hdl’@ able to rotate at the upper part of housi ng and

It é P&?&@ﬁ tt? sge%;{lﬂpgr%dshqgm Ieccagl er CH :ﬁjgﬂgfltﬁ such
CAEPpp, Gide-o Lty ifiidecof E:&r EHAieH gl gphgnee sliding
¢ r%@ﬂarl%fer@gumar@g by influence of the air flow, a

I phot ograph is taken through the observation w ndow of
[00P@ wi nd shield housing, the netallic fine wire is
(MRARGE U gBigy) | nsi de it in order to prevent waving of

C&rﬂﬁ’tl(ﬂfﬂsri%r aAdnd ﬁa@hﬁ: e?rp obREIh! ¢ E %%ué’lﬁatr l}/ote aphic
m%%g o(f’?‘ﬁétgﬁlc :gr}e ere,f i Ht oeqr a Mﬁ?’ hpop Wlltaehlglll ﬁ: s} s back
Ipcatgih the inpggeis takeRes Pa@o‘fhéﬂ@rleog m@ge IThP4TR 1§ﬂ%r§et0 the
Paéi‘f31 double or triple coil after coating with such
Waohneoitil ureqOxédiibat Mumamstiomshiuld bd dowr divikeklf tamedlibficewim from
multidirectiansao hasid dissbititivogs itdRrecise bstliadswiodkeffechoh.de
Sifiteigis observed reflection light from metallic fine wire 7 which is illuminated by the
illumination source in conventional lighting, it is difficult to capture a homogeneous
image about all over of metallic fine wire, there are dispersion of brightness of metallic
fine wire 7 by diffused reflection from metallic fine wire 7.
The other way, when taking photograph by using backlight illumination, it is observed
only metallic fine wire 7 as a dark silhouette to shut direct light by metallic fine wire 7.
Therefore, even there are some small curvature radius bends in the metallic fine wire 7,
there is no diffused light though there is some influence of deflection light from
backlight, the metallic fine wire 7 is observed as dark contrast almost homogeneously.

[0021]
(Image capturing apparatus)



I [0020] (Mean of lighting) Conditions for taking
phot ographic image; in order to capture a clear

phot ographic image of nmetallic fine wire, a panel
such as bl ack board with high contrast as back ground
is located, the inmage is taken as a 2-di nensi onal
image in parallel plane to the panel. Were, it is

Itﬁ@%sﬁlﬁfé fohale bh |(H/'gf ﬂ@tdoﬁﬁt& I'H?éilt cgﬁlegaoﬁg adbrd%ﬁgﬁsy daf image

{uquV%xg & d1 1%mcanqyra el d, g‘{f)r e ensional
S ¥ »o%hs BRpes T mensionl
d‘%ﬁtﬂ?gle ForeY B SUF vaes B Peven Sar EH itgl I hmpigrogeanecy H-7000
mpdeBy ey ence Gip-e hPanguin ¢4HETInamede Ptxn@ campagysi §R10A" made
bys Mligre & ubhisheo perepanyoera| EQ S 'gletien geos Kissynalilé by Cahén t@mpany). It
isqapferabte o tabong pi@ograph iaragsositlonuipaad fromvedeBiite distance from

tefiBinal éﬂd%f&ﬁd@eﬂh&ﬁh@m&"V%e%a@%%f@lbt%ﬁﬁﬁtﬁi nh QY. | ght ness
of netallic fine wire 7 by diffused re ectlon from

allic f|ne wire 7. The other way, when taking
ogr.aph usi.ng backlight illum pation, it is
Tlg@ogaé‘ﬁg & pbe 4FUFRd; Depercing f a6 WY, Ohah Amag Rapturing apparatus
e@ilqlll*f'é’u‘lf{f‘?réa %h@ igpge isdhkece photggmaplypf sestiah. which imdivided ell over
hung domremefablicefinewine intveplersh sectoaneRsivalividedi sacabiiie overlapped

cachaithis, ioénpsssibie tohkeopedontihiiey EdmBinWMgr @cll sectioReft @hd Svéifipped
pdHibd. a8 Gyl gbd by g mraaﬁraﬁam 1590, nfl uence of

defl ection I'ight from backlight, the netallic fine
e 7 is observed as dark contrast al nost
[p% eneously. [0021] (lmage capturing apparatus) 9
(hin?g‘? OB%QEBP%‘”?B%% an over-the-counter digital

IPERBY Andgage gapiimpeshapnarans | risgexpandedtuefcriglalophtedgmes, for
e)mmple%l()atndesg iatomle baventl diketien,akepinigothei magi@ficgion of length

ditettiog of thepfiRsfienalre 7disaé b;aiméger}ﬁo&gﬁ 20913, nﬁﬁeexexndmg

z;% Bficatiollod h{eﬂlhé'@néﬂm%oﬁé}ggﬁle QLQ refet¥BdSn We range
N e

lgépwégie(v@@ @Q%ﬁ Wdde by Canon conpany) It is

~_preferable to take a photograph at a position apart
[0p24m a definite distance from termnal end of

Expanddd incagbiimdigitized. FcdeclaofSdghizingaindy o@itia@nNbdWeen metallic fine
wizé!tantl Nghck £O0RE] so EhRidadng ewltuﬁ 1§eurm%f5‘~°ﬂ‘%§ﬁﬂd GEREAHAYs image

caBfin@ O YhACY AkrRBob TRECHERRIY ?HPQ AhiE 10§ %l@ltg]ﬁi%asure
R e

? $r0n g}@{/ quvgr ]a)\fhﬁg continuous
d‘&{‘f#ecraf%?%l B?tu bz Qb&ﬁ%llse perelarlag dictween wetallic fine
wise ang %ﬂsg@un@é@mpbmtmg prd ¢anbjgingispeteblenk Wit straight line or a
regrgpriomauvd divebémemig dgitizingewns onluatd tcheheoreroka e dnethod to
otpain tthesn coiftieiony etvappdsl wellng®wrsagsoasdlied aligiat iR@pd Protlssing,
sitée [106@3be 4VaTRGE R ORREE | BPrARRMIALMS bver-the-counter application

software, explanation on the method is eliminated here.

[0025]

Next, a virtual centerline is led by computer process from digitized image. Though to
unclear borderline between profile of metallic fine wire and background, as an
expanded image magnified to horizontal direction of metallic fine wire is expressed by
thick curve, without influence of the outline (discontinuity of such zigzags), it was
obtainable a centerline with high accuracy and smoothness. This curve is defined as a
virtual meander curve. On the contrary, when magnification is not expanded to
horizontal direction, it does not eliminate errors in digitizing because of big influence of
discontinuity influence of the outline to meander curve. For this reason, it is required to

10



| mage by an i nage capturing apparatus 12 i s expanded
preferably to 3 to 30 tines, for exanple 10 tines

al ong horizontal direction, keeping the nmagnification
of length direction of netallic fine wwre 7 as is by
i mge processing apparatus 13. The expanding range
and magnification of netallic fine wire 7 are able to

usRalneSlpeRdi®f Rhakiith éléé Eﬁﬁ)cﬁﬁﬁg%e @fand eﬁ(fg{:ﬁsﬁ/é%gﬁ%t%fn software

\ﬂﬁ&ﬁ rawn out, or exa
? %k%nP kg %%ﬁﬁ%lle matchlng nmoni tor 14. [0024]
0 gfnded |nage is digitized. Method of digitizing only

rast between netallic fine wre and background,
Frog @) visiualameasdarhatvé obtaiebes it hiy eobsbld tdi sieamtd byousng such
expaadre cwealsiengdos of undander alid humbér expandghividichf meander and
expendisie thehnd@htwidit a@%%‘%er& Obg r’[ﬁ&'eedlgﬁle@ YAt Qlefect of bonded

mBBHR! fideGritd MSHridi8l b fdrsfns?éh% 1? ccm & E&‘E% (zv?t?‘xsdefect caused

S&% 558 Pkgﬂﬁ?yﬁegguse o ﬁ%p&% éjﬂﬁ?ﬁé%ﬁomhng
Wﬁ% I%EFOF$W%pr4ﬁ'F§ and background, conpllnentlng and

conblnlng such blank with a straight line or a
[0P&gr essi on curved line, error in digitizing was
Metabliccket Woe 7hve (tuibons 100 diiderpei Btl0.D05 to0RO2S BiatlS Svere chosen
asC ARhAUACIALE SHEME, AppropSat¥bhgth VAV RSasiRnfedl |oBfkct ﬂe ends on
dighh8tef, aln ARG CPLRAGHES! Mve- n?‘énﬂSﬁeHj% cﬁ%@n:{?gnai‘v all \glth high

TR e £ v

Kt dBF fee? igymet Q‘t’eﬂ & Yher eassof ceesiienienk lqngth of
meégwkfwecm Gties0 pipawest whio e witgi diameter hovames largwolilgh3x10* to
31§, unpbssihle bogrdsy tkmelebetanmeerispcofiffidenty atetaintdntioned.

f|ne wi re and background, as an expanded i nmage

pegni fied to horizontal direction of netallic fine

.!z Spd s EXPISSS ?‘5%98 thdlk ngtg( T thch 30flon! RLGEERSE gefinite
o%?g sy f@g Ieggrqq %é’ Ipgiipog] SR PLED iSfgde from Captured

1‘T‘l‘*ll"!é”’ec l8esgedivided segions Glitot Gkt keep continuity

arﬁ@aﬁﬂ@peé \ecte othen in r@édftrdnt eTdANGE Wcaureneghiskcwady. dviedssrement

metbodsenp dhebe dneandeh oviilthohadalbeeh rpeegdsed vatibusgefor ample, it is

gebralll BBdven BIFigr Ha), (b)di gi ti zi ng because of big

(a} Ffrlstu@fn%ﬂﬁ aoéente‘iil'n?ecférﬁrh 14 Yink %Eﬁ‘xﬂﬁﬁ& Qmﬁf ? aﬁ&'%dv edges of
H%Efﬂp th &Vfdg(? F)o 18{)11 '(i?Vl{ as%gtgdn th o% atg.cp Qnes to a

e‘%?Bé’ ‘g BT el B SQW%% angloR VRS o tso??é?‘é%ed the

5 33y em-0026] Froma virtual neander curve
(bg Prad ﬁ@ﬂef 1p¢ 1§ eplgydated Blom meandeasunve dfyhaidivivigd section at divided
n curvature r of neande nunber
%?%ﬂ DAY Wi eépeth‘é@ﬁﬁ Eﬁasta%ﬁlaafeé»x?pa a@aﬂ?}égﬁa @FOuR it Faeander
aéu&@%&ﬁﬁé @Ira% lmé ﬁah?fﬁﬁngl irdihgRyg data, defect of

E}E%ffeg atn{ée ? fgjD &10118 for each vd] ¥1ﬁ cg 8 Clélgﬁ | @E&é‘%@&%m Vacfue can be
oup ?ﬁﬂ%ﬂ?qc 0 eﬁe wire like | eaning defect

and flne bend of wwre in bonding wre for
[Ezampledbnduct or devi ce.
[0029]
Au bonding wire, which diameter is 25 micron-meters, its purity is more than 99.99
mass %, as for example, the measurement range is 30 cm Iength, on the 2-demensinal
curve given by the above-mentioned manner, divided into 0.5 cm, 2 ¢m, 5 cm and 15
cm as meander measurement range, has been investigated relationship between degree
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[0027] Metallic fine wire 7 with about 100 cm | ength

and 0.015 to 0.025 dianeter were chosen as

nmeasur enent objects. Appropriate length as a

nmeasur enent obj ect depends on dianeter, in order to

measur e above-nenti oned 3-di nensi onal change w th high

accuracy, in the case of large dianeter; it is
offfi@h@sahtBuiled f&iedal HividiaebiRROIR 18ith &%éc@ {(\Phere loorg shape is
2. 30HA0Y Phora JITabRA GASERK, NI di ameter, “even | n

case of neasurenent Tength of rretalllc fine wire 7 is

Wheérecdograsfandandat b oerterline has dbaffet & theeemBs of RAYES uares n
i ke 3x104 to 3x105, it is possible to grasp nean

eagh dividedapstion, drevang the smalest yidibof pantelt sright hn@mcz@d this
cepegineddistaposoldhisgheitel Hiesobrtae:mdeeaititers defintdasfdegreeath
meandei. Ohe dhivigdash.i nto definite |ength of neasurenent
range on the 2-dinensional curve, which is nmade from
tured imge of nmetallic fine wire drawn. These

ded sectéi]gﬁs Cl,t [ 23. kee conti nui tiy are ,

Ml Sty FhgIe P OB et S sk pitting of
Wi dﬂ?aéeg?m%%laﬁ SHAErI<edrAd $1B 50D 1 0p e 4BarhrEamIBRLiam G of the
wiig dingd eaprlanpeg sessign weasi HUSI Pegfeo ol ereandst én thit megsurement range,
detremaning loptigiabwivided seicgon bn@)h, wds)attained byi sush valuceibf means of
meidte idtheotisingd afnplwal |sefrns O MR, W tliyisp §éct1%ﬁ§| were set
shbAYE MuBHEE D Ofata W' £ vﬂﬁﬂe &aAh; gfe\ééed eIﬁ é QfrOf several large
mgzln\dlargetqoé Cgeq{ﬁmﬁe?%gas sn‘?‘allr at gr i dg 19 t\/\@g ouI n%s{; cgre y mean
vais; preceseg; Hepich, et ooyt gﬁ“ﬂ&‘ﬂ%ﬁ SOHRAIOBY OB Y 0?% atgy by the
meanc@camgRnlY &304 daty sertae It leracaligsder of meands mﬁth degree
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=@btcai,ned by the nethod of |east squares in each
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N re O‘v’@f! ar\pnr‘l ¢83ﬁnfh LS X hmhm nf Q‘\I]F\H Fll" Ls Q-S?
at ‘Smaaquﬁpmant reQ)p@n L L= IQI'dj(n 1) x_Het&l over | app&ll
lefigth i ¥ 50({% 0.8hK-(nF1) 6.05K=K/2 (n Glll) Td sol 061
i hi’s,| as Inunber of.0%reasur eneltiér egi on, ON®DI e data 0.66
nugber (@iece): nes(L /| K) 6.06(L - [K) /0. Wign (98
dowi nance t73 s ggopt ed Tromgsnese|dat 5§ T DECONER gj
AS1( oI TOWs, — he ﬂper of erb A dat cbié/)l/le(,t). WSE
S 3 pecd '°cﬁ'9 e ol s hhon UL Sepdnds B2
.,;(d aaa e\ 'rjbOV\ nr)s;Q\ ﬁnr‘l} frnroqu =30 ("mO = 0.5 (‘Qﬁ87
bi e nudber [of d%P3 (pilece) 0.9 (30[/ 0634+ (([30 -0.74
BY |/ 01%) =+ 119¢P3ece)| Thé.Qunber of Gifectilve 0.55
datZ:| 400pi e¢e) i®0%he order 0df9 hi gher nezmder (wi dt 02
nld hi s axanpl e c@ee, this mpagurenent wese repgeat eqd oo
101t ijmese | anfge Spgal ues| I n heg or der qi2qirgher 0.74
fregpder v}ig[;-.-\l\er@ §1ei EC[LT ed, o an vaLEE‘iOZic b‘l OWT 5
e dor i dthand PEnni g debadt byl d: v bbh sedss om0
Wit H Mebhded Mea \d _OP\ andel_Nedh#lr of] wi dP95
pf2hildt hiDf wi dt FOBY widih of-12 0.27 0.87
22 10 0.05 0.12 0.33 1.03
23 24 0.05 0.13 0.27 0.91
24 2 0.05 0.13 0.32 1.27
25 14 0.06 0.14 0.32 1.13
26 10 0.05 0.14 0.38 1.40
27 27 0.06 0.15 0.30 1.03
28 24 0.06 0.15 0.31 1.10
29 18 0.04 0.14 0.31 0.97
30 15 0.07 0.16 0.46 1.79
31 22 0.07 0.17 0.38 1.28
32 26 0.07 0.17 0.37 1.39

* Using Bonder "UTC-400" made by Shinkawa, pitch distance is 53 micron-meters,
after 1.500 cycles of wire bonding; numbers of wire contacted with neibouring wire
were counted.

[0031]
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No. Leaning divided divided divided divided * section
w dth section width section width section width 0.5
cm(m) 2 cm(nm 5cm(m) 15 cm(m) 1 0 0.03 0.03
0.06 0.41 21 0.02 0.030.150.76 3 10.020.04 0.12
0.44 4 0 0.03 0.04 0.11 0.37 5 3 0.06 0.15 0.31 1.09
6 00.04 0.050.11 0.51 7 1 0.03 0.06 O 12 O 66 8 4

R&8ansBip06f Patde lobsgsgxow% % f}l 03-10. ﬁ%g 8, O 63 124’§Ieng’th as
f
4

mQarQi@r gllcr(%gwgd taéf%‘“%b %@Jf%b 0.74 14 10Q

at%h@ Rybpeengheandey Wislthy agghnurger-ot leaning

toﬁnma@e 015 G0 amd hpcm danendey measurcpeniyregipg, the larger
memsr width shows the FBeerilganigg Gletigt, and 1it Gva@ 7ToGnd that 20rrgldtion is
sten@aiedr 422.00 80n Of op Ragth5vith deafidet 2ndAsidémOntBdivid2@ sd@ion. In
orQer0b cRprkds . A3t thif) desukSo2beflidkint Bf dotrdlatdh oBe Sbwnith Table 2
0.05 0.13 0.32 1.27 25 14 0.06 0.14 0.32 1.13 26
(08395 0.14 0.38 1.40 27 27 0.06 0.15 0.30 1.03 2824
Tg 2015031110 29 18 0.04 0.14 0.31 0.97 30 15

16 0.46 1.79 31 22 0.07 0.17 0.38 1.28 32 26
it lcb goqqla‘@mgbetyegg leanyng; tﬁgng@ﬁg%meawm@hwﬁghgecbyn length
angrinearderavidgi t ch dlstance is 53 micron-neters,
ook ok %
Coefficient of correlation 0.62 (.74 0.61 0.49
Divided section (cm) 0.5 2 5 15

[0033]
Namely, it is recognized that there is a correlation between meander degree
measurement divided section length and leaning defect, it is confirmed that tendency of
correlation varies by changing divided section.
Where coefficient of correlation(r) is expressed as follows, when number of leaning is
x, degree of meander is v,

r=_S8xy/(Sx * Sy)'?
Where,

Sx = ¥xi* — (¥xi)? /n
Sy = Yyi*t — Oyi)?/n
Sxy = yxiyi — (Oxi) Fyi).n

Moreover, whole number of 0.5 cm divided section is 119 pieces as above-mentioned,
when in the case of 2 em, 5 cm, and 15 cm; each number was 29, 11, and 3 pieces.

From this result, it was found that coefficient of correlation is shown more than 0.7 as in
0.6 t0 0.7 as in **, 0.5 t0 0.6 as in *, and less than 0.5 as in -, 2 ¢m divided section
*** is the best expression of relationship between degree of meander and leaning defect,
~and 0.5 cm and 5 cm divided section length are shown **, and the better expression of
it

[0034]

From Table 2, in the case of wire diameter is 25 micron-meters and loop length is 2.67
mm, it was recognized that there was a strong correlation between degree of meander of
2 cm length of degree of meander divided section and leaning defect. On the other hand,
since wire diameter and loop length affect to meander and leaning defect, it is supposed
that optimum meander divided section length will change by wire diameter and loop
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after 1.500 cycles of wire bonding; nunbers of wre

contacted with neibouring wire were counted. [0031]

13 Rel ationship of Table 1 is shown in Fig. 6-1, Fig.

6-2 by divided section Iength as neander w dth and

| eani ng contact nunber / nunber of wire. Nanely, there

is a definite relationship between neander w dth and
fapber of leaning defect, at any range of 0.5, 2, 5,

Tl?éq@lréfﬂié:lﬁ%tglr RéE%E'Bg il r(c,%?\?alﬂrg f_lS LF gvnoe afnla% alao écor{les big,

eani ng
e ee“PBPFF &h% : Py the ey fosrelaly. s 15Betign o set

e o“& l% Wi t ReFRdah dengere Maipivh nloopl longlh gbecomes  short,
mg%@f«‘t ShOrtnCyClﬁr aféact grealy peaning. Hendd, gi s telesto seedivides] section
lendth cofe frfeandee nghoottr. clar paleatth omtianletes thevn rélntickabipe, 2 has been
evhRARAJthdt FalpR VZi}eS-Eﬁ'IQbfhbﬁ}atl@Q bf %ﬁr@'dia%[bt&%h&% lbﬁg%H b\ levels,

Ortlgmrée_@ gglsge@,&ﬂrlemg di vi ded secti on engt and

gg 1}%\4&1 T ér&r}éﬁeﬁs *811(9%58 Ffé @y orre550 %achat4
: [ Oogafmeanar Cumes EQHFTL STV AT e oiher @ny S g and 30 cm of
m%ﬁ?@@l@&f FBECLAnENseH fﬁe@sl@eweffe@fﬂé@tedr@asmmd section. Then
leghiing degciseticoncdsardtdn A dpddani mgetdef édevels. tFindly, correlation
betwerh dayeet dfhatantendrginieyniof defeor wad edléudited, @it @8sully were shown

inqRBRG trdedlbny iSO SAGE cARrio¥Ner e coefficient of
wheter el ation(r) |s expressed as follows, when nunber of

wsh@AN] ggw henm ea%g %P 7msand§fst 6’5 rr=9Sxy / (Sx *
%

Y SY = i 2 -
f 5;" Jtis Teps i . ap gerh@n%mww/@
$}@“ﬁu%1tt§fleﬂ§ﬂ5ﬁwacﬁndl deer thaxfhon is 119 pieces

“ ”SiSé%bwthmntlsdﬁsemanMardeqmalsheomse of 2 cm 5 cm
and 15 cm each nunber was 29, 11, and 3 pieces. From
this result, it was found that coefficient of
correlation is shown nore than 0.7 as in *** 0.6 to
0.7 as in ** 0.5t0 0.6 as in *, and less than 0.5 as
in-, 2 cmdivided section * * * is the best
expression of relationship between degree of neander
and | eaning defect, and 0.5 cmand 5 cm divi ded
section length are shown **, and the better expression
of it.
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[0036]

on WTeydi anet

er

corperarion

width (cm
e tveromrm—reter—i———-5—2r—t—i—p—l

From the results above-mentioned, leaning defect does not depend on bonding wire
which diameter is 15 micron-meters to 25 micron-meters, the larger degree of meander
is the more leaning defects, namely degree of leaning defect has correlation to wire
length which is used, or loop length, it was found that accuracy of measurement
becomes more precisely and leaning defects can be judged the most appropriately and
correctly by using evaluation method at divided sections of 2 times to 25 times of loop

length.

Therefore, before using metallic fine wire drawn as bonding wire, it is possible to
accomplish simple and rapid evaluation of appropriate siraightness quality, or

evaluating straightness by degree of meander for each divided section of 2 times to 25
times of loop length of wire when capturing images of metallic fine wire.
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** 5 .2.67 15 15 2.67 30 2.67 ** 0.5 4 *** 2 4 ** §
4 154 304 * * 0.52.67 * * * 2267 *** 5 2 67 25
* 15 2.67 * 30 2.67 * * 0.5 4 *** 2 4 ***x § 4 *x*
154 * 30 4 [0036] Fromthe results above-nentioned,
| eani ng defect does not depend on bonding wire which
dianeter is 15 mcron-neters to 25 mcron-neters, the
| ar ger degree of nmeander is the nore |eaning defects,
BﬁﬁﬂEbE ﬁﬁthgﬁgtﬂggﬁﬁﬁégt has correlation to
mnre engt Ichis used, or loop length, it was
nd t hat accuracy of neasurenent beconmes nore
[gﬂ ci sely and | eaning defects can be judged the nost
#bpi by Pdeslaic gerfigueaionshowy thpyalLisien meestaing atyiripment of present
lnwanhmd at divided sections of 2 tines to 25 tines of
[Fig 0p shdvesitchresditeief BERdetad arrees@nmaame&iﬁé bire didvae

[FYd. r?,e slgd'v@é"]@eléff‘o gcﬂeﬂﬁeeﬂ"rﬁ& alrpé%%%'n%ﬁlzé Ane ere dtrawn and

SI npl rapl Uatl on appropria

;%tr tn s it Iuatln tr.ai ght ness, by
P O M I e
[Fﬂ%) 52518 the ﬁé@lmeﬂﬁowﬁgstraéwgtqn e meandenimsasweapenirofngetallic fine

witerages of netallic fine wire. 16 BRI EF DESCRI PTION OF
[FigH® - DRAWINGEtioh 0@B¥den| deiggee dflmiesndar 9€DSN&h iagd 2 cm of meander
m@a&ﬁfeinﬁﬂf Sdction asRYWKIng H@feéﬂ | over measuring equipnent

ﬁ%e%eldt{&ﬁ%wv fl%egof ﬁ;eaﬁc{e?vé@ 5% réeaﬁﬁ oSehale Yander
m%ﬁ& Ll Q9 SHLYERaOhe TBLE! T e Tine wire

[Explanation of symbols]

[0038]

3 Spool for metallic fine wire
7 Metallic fine wire

10 Wind shield housing

11 Window for observation

12 Photo taking apparatus

13 Image processing apparatus
14 Monitor

18 Guide ring

17



[Fig. 3] shows Rel ationshi p between neandering curves

of nmetallic fine wire drawn and degree of neander.

[Fig. 4] shows the nmethod of neasurenent of neander

width in the present invention. [Fig. 5] is the

explanatory illustration on the neander neasurenent of

nmetallic fine wre. [Fig. 6-1] is correlation between

degree of neander at 0.5 emagngk 2 cm of neander

measur enent section and | eaning defect. [Fig. 6-2] is

correl ati on between degree of neander at 5 cmand 15

m of nmeander neasurenent section and | eani ng defect.

W@E%ﬁFQHBFf@h of synmbols] [0038] 3 Spool for netallic

fine wire 7 Metallic fine wire 10 Wnd shi el d housi ng
1. Methéc Goundasurenibsesfiataighmesd 2f ool fiekivirg, apthad abmprising: a
médllicrhgewips QQﬁﬁ@éd@)V@Pﬁéﬂlﬁ@éﬂj{sa pﬁé‘toé@ h bpﬂle%gld%étgﬁic fine wire
is tAKRE flof %l:&ﬁhre\é\l’ié‘ﬁ t tﬁ;van% @'d dn% 8 a 15050qu1red from

s calcfu :e %Eh g id wire, is

g‘é g ”%m%l ée&x{e?hrge aa
“ad’sgéﬁms m@&rm?* af;ﬁa% H'brfn?ﬂﬂ ?lhéu’%’éa i }’Fe yidedcinto plural
seetions %’méﬂ tiggs {oakHimes efleasr lengthiof gvirebending avtheangpsurement

raggsnvafl ghide2diroensiagalyicumk, datightnessaclyther @dd fonom for leach divided
septiot eghaphlimwsiduabtureete@aluard, which is cal cul at ed
fromthe image of said wire, is transforned to
2. %n&h&?ﬂﬁ h%?tlretﬁ@ﬂtdf @Hﬁ’i ﬁthétalﬁU Ylg irey m'eﬁlog' ¥fnﬂﬁgng a
Itgflfg l'{qrzl?e 1s|hS e%%l Wi Vegtéc e sql P ncp wire
is ke oy %Tiﬁ(&fonéa m@@ digpl @Eﬁ%l%ﬂ&ﬂ@wd from
the phelegpph, véreH camtvnh@@,dwhlgle aﬁtqa&ml asgd frem the iage 96 Witeals
trangfovmed & 2duhenatomdl codtiniatshochnflarcunea#is ivilet! b more than 5
sestﬁcm%ifghﬁ Deisises @b 2 Stk bi Lob AR INGT Rire-BBAIOE A LOEPidaSirB@ent
¢ ovehrd 2-UfmdnksREalubR, hta Hl %d&%éﬁﬁﬁér‘ SRle hr &h section,
1R3¢ 3PRe 9%1d g&%% é&ldﬁ?@t acglligced wmll%e% Iu[séht hed by

rtl.c
S”o“é%ﬁl gy DEREADIERr aﬁeﬁifamr T A R
GCHEUS-which is cal cul ated fromthe i mage of
WI re, is transforned to 2-di nensi onal conti nuous
3. iWethatifor meanecmetit df strafigkindeschfinndtalliotine witead cim 1 or claim 2,

meBed tanpridfin®Mvalubtidiest th@akvelrhéRoned sttR@nd§ 89iRtMic fine
- wité [s§cPRRARL Sy Asind B8talBASHIRAR fines putting around the above-

mentioned divided section curve of metallic fine wire.

4. Method for measurement of straightness of metallic fine wire according to claim 1 to
claim 3, method comprising: the above-mentioned image of photograph is calculated
into digital data and transformed into 2-dimensional curve, and expanded image along
width direction is used.

5. Method for measurement of straightness of metallic fine wire according to whichever
claim 1 to claim 4, method comprising: the range of diameter of the above-mentioned
metallic fine wire is from 0.015 to 0.025 mm.

6. Method for measurement of straightness of metallic fine wire according to whichever
claim 1 to claim 5, method comprising: each divided section of the above-mentioned 2-

dimensional curve, is overlapped with neighboring sections.

7. Measuring Equipment for straightness of metallic fine wire drawn for wire bonding,
equipment comprising:
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range of said 2-dinensional curve, neasuring w dth of
nmeander curve for each section, straightness of the
said curve is evaluated using acquired val ues, which
are sorted by size and only using val ues sel ected
froma half nunber of sections to one tenth of nunber
of sections. 3. Method for neasurenent of straightness

a)oiGuide rédd with hithreugh ide Gfr pobitiofing o cbdlidd five?wire KBidR@Wdown

COiHR] 4 §podg: eval uation of the above-nentioned

b Wih OB AES: gBtggFagg% Q feé{ié'a]‘i‘ Iﬁireéﬁoﬁq‘%? bll%taﬁ’l?cf fiQd xﬁ@g pg%ged down

ing. di s nés putting arou

QaEgSeymhﬁﬁfione . divided section curve of netallic
fi ?&ﬁ

8.

FUCSHIOF I acquirg Aisiger daip befavssn padrasrallelflings. veiigfhare pyting
ofrayed gaqh divilpdheechipr of adimentiongl cwve vdiich i3 expanded i m
3 dimatshvnal roeandei shagg ontyheidabdivestior nintd eletdim@agnelf curve from
phgtegtdpbnteSing af thélitlagéis diviied Hit@idcBbnd8 RN Bimes to 25

t ;@8 LPIJ¥Bder g OF wirdb®sd onal curve, and expanded
i mge along wdth direction is used. 5. Method for

asur.enent.

A E NP Tor SRR 3 Reelic g s b S easuring

QUG SPTRBrISIRG daslaHgle 1Brmiatipr fosthetaid metallic fine wire.

above-nmentioned netallic fine wire is fromO0.015 to
0.025 mMmm 6. Method for neasurenent of straightness of
netallic fine wire according to whichever claiml to
claim5, nethod conprising: each divided section of

t he above-nentioned 2- dinensional curve, is
over | apped wi th nei ghboring sections. 7. Measuring
Equi prent for straightness of netallic fine wire drawn
for wire bonding, equipnent conprising: 18" a) CQuide
ring wth a through hole for positioning of netallic

fine wire hanged down from a spool b) Means of taking

phot ographs in vertical direction to netallic fine
wi re hanged down direction, and c) Processor to
acquire distance data between said parallel Iines,

- which are putting around each divided section of

2-di mensi onal curve, which is expanded 2- di nensi ona
meander inage only width direction, and the

2-di mensi onal curve from calculated centerline of the
image is divided into sections to from2 tines to 25
times of loop length of wire bonding. 8. Measuring
Equi prrent for straightness of netallic fine wire of
claim7, measuring equipnent conprising: back Iight
illTumnation for the said netallic fine wire. tc



