MANAGEMENT METHOD OF DI AMOND DI CE FOR BONDI NG W RE
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relates to sorting nmethod of bonding wire drawn by

di anond di ce and nmanagenent nethod for bonding wre,
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[0002hus manner after bonding. These defects are
Bon@e@wi@t Bdnmllinlvyireaborpxm:ika@twepm asmicondwdtchi ciyps bheyear ames in

genélrh ésed dsv‘ggv ﬁ&o%ﬂﬂ éﬁ%@}’rﬂggécg%tcggadacgéées F/l generdalof metallic

wire Uneis fhgen @iﬁv@iemd lhxasilcale/ |X+srrayrepemtetlveaa3 pmntgx:amormthaor% 99 mass
% o%tht%Bé&P@h%t l%e an%ggllo P&gs dﬂ)g Y ggrb?ﬁglh vﬁ e es%?cnally, as

paper o NSpec
preCBoame’a@ wingl inas sm‘md ma@crtam%ds & podiy tof moye mam %aaegﬁmlass % of high

"Non-.d r ive I nsp Lap” Pa
purftggfg? it. ﬁ§‘§ ebclét%é d ged ralél glgetr%%r\]/rere %ﬁ%’e?’% ela%ﬁ bon{dlng,f Urre is drawn
Gontmnuﬂlm(gp WS me;cmrr@taarbldtﬂmataat agl uitia finehweird-by uis@:gcm s@égeof diamond

dice?l.qgres Llr_sgpqgﬁgﬂ?rja #e%gcﬁg:oggﬁ%@%ddtﬁg?%ﬁg?%n anc?wg%ﬁ us m%nner after
bonditg. hT&@sbeiefecm a@rWed mdidy Bi pecrkagetpdﬂ*atfamnb!tﬂmg,emey are flown

with ylarsﬁc Sa'n%%%‘h%?r om (1 o:ﬁ i CE@@%&a%ﬁe@ea ?e%%gnofc Qo%%ﬂ% wire can be

I nef rapi ni croneters
detebteddlywdimmeon déstorrtidd Xtray MeneatrativonederisatioContegueopiate image

procggs%gdSIo%Fatnﬁ’s.ﬁ%r%%aalngg, lag&%iplg tg %];lﬁtc ¢ p%%gro QF Ins%eop ion gfl Bonding
wire of Integrated Circuit" by Kimiya Aoki ("Non-destructive Inspection” Vol.63. No. 4.
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the Fig 10 on page 195,

However, in recent years, the degree of integration of integrated circuit has been
enhanced, it has been progressed to be finer pitch and finer wire simultaneously. Pitch
space has been changed finer rapidly from 100 to 35 micrometers, wire has become finer
from 30 to 156 micrometers. Consequently, new defects so called leaning defect become

problem.

Where leaning defect is abnormal incline near at root of the first bond, after forming the first



Where | eaning defect is abnormal incline near at ro
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to an Al pad of sem conductor chip, when the wire fed

by a capillary to forma loop (Cf. Fig: 10. Japanese
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[0004]
The method, which is described "defect is defined as more than 3 % of deference of the

maximum diameter and the minimum diameter about rectangular cross-section along wire

direction of bonding wire after drawing "as a measure in the hereinbefore mentioned

document, is available for managing life of diamond dice. However, it is not exactly

available for leaning defect as generated at the first bonding. Certainly, if uitra fine wire is

continuing carrying out drawing by diamond dice, orifice of diamond dice gets wear, it

becomes larger, in certain circumstances, this wear of diamond dice is generated
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avai | abl e for |eaning defect as generated at the firgl.cober 2009

bonding. Certainly, if ultra fine wire is continuing

carrying out drawi ng by di anond dice, orifice of

di anond dice gets wear, it becones larger, in certain

ci rcunstances, this wear of dianond dice is generated
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away. First of all, since the difference of the
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method shown in such as the precedence technical reference does not resolve leaning
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too. Moreover, only by the difference of the maximum diameter and the minimum diameter
in the whole circumference of the bonding wire, sorting ellipse shape wire and polygonal

shape wire has not been atftained as describe hereinafter.



shape wire has not been attained as describe .
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In order to solve the problem mentioned hereinbefore, sorting method of foreseeing before

bonding of the present invention is as follows:

(a) On the process of sorting method of leaning defect of bonding wire which bonds 3~
dimensionally between terminals such as semiconductor chips and lead frames.

1) Process of measuring diameter of bonding wire, which divided imperceptibly the
whole circumference of the bonding wire before bonding;

2) Process of calculating each second moment of area by integration of each
imperceptible part along axis direction using the value of diameter of the bonding

wire;



1) Process of neasuring dianeter of bonding wre,
whi ch divided inperceptibly the whole C|rcunferencégocuﬁw’2009
of the bonding wire before bonding; 2) Process of
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(¢) Management Method of diamond dice for bonding wire which bonds 3-
dimensionally between terminals such as semiconductor chips and lead frames.

1) Process of measuring diameter of bonding wire, which divided imperceptibly the
whole circumference of the bonding wire after diamond dice drawing;

2) Process of calculating each second moment of area along is direction by
integration of each imperceptible part along said direction using the value of
diameter of the wire;

3} Moreover, by process of comparing the maximum value of the second moment of
area calculated with the minimum value of the second moment of area calculated.

Management Method of judging quality of bearing part of diamond dice used for the final

drawing bonding wire, managing under appropriate condition, consists of said

management sequences.



whol e circunference of the bonding wire after dlanoqgocuﬁwr2009
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MR HERIYASEHod of Judgl ng quality of bearing part

of dianond dice used for the final draw ng of bonding
Wi re, managi ng under appropriate condition, consists

[008f] said managenment sequences. [0007]
Moreover, concrete requirements are as follows:

(e)

M

Sorting method foreseeing the quality of said bonding wire mentioned
hereinbefore in (a) and (b) by featured evaluating the ratio of second moment of
area when difference of the maximum value and the minimum value divided by the
maximum value or the minimum value comparing the maximum value with the

minimum value of the said N order moment of area.

Management method of diamond dice mentioned hereinbefore in (c) and (d) by
featured evaluating the ratio of second moment of area when difference of the
maximum value and the minimum value divided by the maximum value or the
minimum value comparing the maximum value with the minimum value of the said

N order moment of area.



Moreover, concrete requirenents are as follows: (e)

Sorting met hod foreseeing the quality of said bondin § October 2009
wire mentioned hereinbefore in (a) and (b) by

featured evaluating the ratio of second nonent of

area when difference of the maxi num val ue and the

m ni mum val ue divided by the nmaxinmum value or the

m ni mum val ue conparing the maxi mumvalue with the

[oo08j mum val ue of the said N order nonment of area. (f)
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ETET ans &5 trmebab e SoNGtEUEP! e AT YR EPang ot bal a
thbﬂﬁ) omn@mmwad L{:ﬂasalﬁcbhttd"te ofmittig mpmarabﬂeoddmg deek bs%/rheleased by
t he X1 mu t m .Ni a n
i DA G 08 R AEH I FARPURTS ST e Sed g botpdary of the
part dﬁﬂmmfgatt ahd afg;ﬁﬂed ]Eieéi |£)wta@|beg nf%&ﬁtgnlce[algﬁﬂtﬁﬁﬂ;thl:it bétomes to be
a rel atl | Q ani er ec an
a PRUSHEIE PR BLE bt (e Ene s TotpS Bouand enp st bond
foﬂﬂpt;hﬁnfﬁ?ﬂlnﬂﬁﬂgjwné bBs obi @n}b%erhig@i;th,aélt eondiry Wire@gstand upright.
nol t en a at on n

HEP P rPo P E P ey B i e ol kaBdge fipt bond to

thelr satlond , bdnide bpadihg obirdinakffectt@ hendimy stesw8] @A thdsbérling stress
art unaf f

The b d f th cted
oisands 1h9 st REan SO B0 Hoe 3Rt tuf BobpEy Binds. The
mvintbecom tpﬁedeat irfvepadt cohiiratedi ﬂl@@ﬁ&ndﬁrﬁftﬁlﬁﬂ@sm\gﬂ ﬁehigh—speed

the c r upwa er. the fir on
o RboIel hoedsp affle B o Tode Mt ot s g g 168 Second bone
disdctios dy a’:lbdlptimﬂdhél@omﬁlhgw&t@mdmﬂimm@htagd tindo hevdtng \WS receives
t 0 .nove an
stara e dee it g e, TSE R 48 oS SBafl bihalate i BRboundary
affesterfl Eﬁ@:tsﬁghttyemibleﬂgosbh 68%) tmnr@bot bi sielfestbogy st b@m\g wire, and
concentrate tqQ the said Eoun of hﬁ at %ftect
thg ORI RGP a5 roBg GradPg Yore berrls ahfis; &g of fegeiving very
emee@amontmtmmei \Oélat@@?bmmﬂie@f WEsHabﬁmom’flaqngog&!sagg drom the first
Ia. n o er. Wor |, ra n a . ,
oqhgol PRaTG &7 Rt ool DL e So0 Brymiib dretio Qe B Bgcing in
difdyrent cﬂmtubﬂx &6r¥1 thé fraclboertbé Bapildry endrselg, aNs icoasitedd aMa@t is varied is
theﬁrond rece stress of the direction

PHYCH ’Prﬁaé‘o Qf‘o @ﬁa'”{;b\égﬁ’% second bond. There is a

boundary affected heat slightly upper portion from
the root of the first bond of bonding wire, and the
[0pOgIt i on recei ves strong bending stress. The | oop bends

T in%}ﬁ?rrsi thﬁfg gpésepteﬁ%n\{iioﬂ %sxgrﬁe}( nea\?\ﬁwﬁf Fa%?oq ofr %réﬁtﬁn% s m%ed ifferent
‘Weakest "portion of wre material while€e progressing

difection (ihearfad) §om thetrack of thaeapllayds eduseditgdl grdpemdedntyf area of

urlellen®aRi bl Ry -shdpé SNBGRY, @fisWcBedshul RBNaNRid Minevenness of wire

cross-section shape affected to the mechanical characteristics, presenting the whole

circumference characteristics of the wire cross-section shape by N order moment of area.

It is explained N order moment of area by using representative second moment of area

hereinafter.

In general, when wire is bended, easiness and difficulty of bending comes from physical
characteristics caused to a section shape of wire. In the case of ultra fine wire of the
diameter less than 25 micrometers manufactured by drawing using the final diamond
dice, a bearing part of diamond dice had been presumed as a frue circle because of less
than 1 % of difference of the maximum diameter and the minimum diameter so far, the

7



different direction fromthe track of the capillary, October 2009
namely, it is considered what is varied is principa
phenonenon of | eaning defect. [0009] The inventors of

the present invention ascertained that factor of

bendi ng of the different direction (is varied) from

the track of the capillary is caused to N order nonent
mver&tgresstg“ tﬁF qr%segvﬁlr\lfggfog Ew%@gﬁﬁgégﬁ%? Ciwﬂ\elraggzlti}gh plrésulmsed and have
corsgesedibeat it crnstapenalfifseetaeck.t o t he nechani cal
characteristics, presenting the whole circunference
characteristics of the wire cross-section shape by N
Evlerting fpererpss-oectipndy. these differeak praiipriedit Kapbden ahigrie lassify into

R KiRdLSr smépaswmgh he %@éﬁ BF&hh\é@ 8L RN RDEBBLioRT ORE Rfan ellipse
herelnaft wreis bended_ easl ness

SI}%HJ& Hh@qel gl?l qlfyer@?ceocgﬁlaﬁ H@xm@ameé%%mﬁ)} & pypimum diameter is less
theEanr %CY, and fsme lomee ausediygondl shapé I(thr&h&iéedlﬂérer\be’ ef theMmaximum
t he cas of u tra ine wre o aneter ess, t
d‘i%‘eFﬁf@P A BPAMHE ??38&80 e '8“"%@‘38 [FOVRG fPPWiP‘at case
ofdélEgnserrthape ioceyrs dedvérar dcffgcipfmdt casf wlpaboamalélhelee baderbesylittering
dlgl[l SRS, I';i’vJarsl‘f@urH fhel §ecgﬁ8 M lof Sis efBao :HIS(R‘IQUISh case
ference of the maxi num di aneter and the m ni
of fllipse e caee PHOIYGORe 7 8 Qct ober 2009 i nvent or s of
the present invention enlarged this true circle

V\JP\% EH&HV&&&%W% %@emqm%nttﬁﬁﬂﬁlb%a?éﬁ idais 6ftm§|W"l§ér§1‘ir§g results

multi size arcs Eval uatlng he cross-section
OftfH'éPé‘Jé sppPe bPafing ¥irge imhescasptof gHgsdykbsidadirectiop to bondmg wire by

cdiReS iif Wad LA tatedt RSk vBfticaN@RRtioBLiBrehafe h%@ Bond of bonding
presuned as a true circle portion. One is an e

WiEh SpIECSPRAEY B 3 PRENA idistdruting dt wes ferwndihsd the mae @H’I‘:’g% phape trend
b&%ﬂxés@rdﬁbnm@l%% MR ©F thiS oBRSI dlgt'ﬂﬁuntdﬂ Pr/ér)ds Qf@gdérheWhat the

other is a pol ygonal shape (where, the fference of
WO AL b Rom R OB atef A o et R wigs Gecomes

IaF Bnd IedhwhidfPRROV:6Fe thid cdsin (AUBSetdifts BasRg d@fect

el | i pse shape occurs | eani ng defect and case™ of
pol ygonal shape generates glittering diffused

THeEfrlu\%Herrbf thb méeﬁtomgnﬂdaatho%gﬁf%tnaf@g;fc@émﬁé eit& should

fect to dlStIﬂgUIS case se an ase of
re@tﬂsylgbw safang eantrnt joh gERtBioiakFd %ew@orp pleaen®f hondiegtwitsn Hence, it

|s';fb‘é§|§Fe' @aﬁr%glcfjﬁtf@ddlﬁ A FihdBBNd, bi@%@b(ﬂﬁi Feftdnt 9 afla was measured

I pse shape bonding wire, in the case of stressing

prgwa@y clonst ere dirgctishal whyidad énmgfcem&)b« tq anytiple tdir\mtsons of the
anfaH@%teh%Fos's%%enér{ BEOMEE SRR, TRER S5 tngems@&feﬁ]@%ré t invention

first bond bond INng wWre corresponds to a norma
hﬁifﬁswqcﬁﬁ‘ﬂ@fb@feq'@tm@a§aﬂ@9ndef?ﬁfaﬁft@mé“emf}f?é fqgndi p& bosfiagewire by

caidufdiflg tpgmﬁurﬁt\f of & nm%@né‘ﬁtdt%f%r% anBl FinH®alue of that
dlstrlbutlontren br oader. at the
from the measured values of measuring multi directions along the whole circumference.

Lean of wire bonded the first bond is represented as a normal distribution. It is preferable
to compare the ratio divided the maximum value or the minimum value with comparison
of quality of leaning defect and the maximum value of second moment of area and the
minimum value of that. In addition, since it is drawn formable uitra fine wire such as high
purity Au by using diamond dice, second moment of area of length direction of bonding
wire can be handled that it has same frend along length direction of ultra fine wire

reflected shape of bearing part of the final diamond dice.



wi dth of normal distribution becomes wi der indicatesgguober 2000
that | ean of bonding wire becones |arger and | ean

whi ch has nore than certain val ue becones | eaning

defect. The inventors of the present invention thought

that size of |eaning defect should represent by

second nonent of area originated section shape of

wiheRdisBEond msmehleéfoa%ea Est phy'sﬁ:ap@r%ﬁéﬂ%§ vélge I%IQQ:U% bending stress of
dlffICU|t of the bend, if second ar ea

was
Wit BRigl It 'BP@B$'§%’F9 that g reeeh SRR af agR\Ar daie moment of
arcAPIRIBRS b Hyndnfic Mdmdnd) iesHbws@@hieafsnds ddiend RRAGNNEF AFea.
e cross-section before bonding. Then the inventors of
the present invention have succeeded predicting
l.eani ng defect after the first bond of bonding wire by
[Ogiﬁ?]cul ating the maxi num val ue of second nonent of area
Tathe rm'xh isonting tmltm:e! afellipbatvire tamng Ihaningdsfactethd\palygesal efire being
nJreas % , dqgr er(!:tflﬁgns al ong the whol e
|arsc°3H?ee SREEMCY SN wire bonded the first bond is
represented as a normal distribution. It is preferable
to conpare the ratio divided the maxi nrum val ue or the
Inrgontingumetnad wé elipsehwire napathe sbave-genipngrinrgcedbnteeshmgogy, it was
c?%]? R habki BN ?E%ﬁne‘i’ér ﬁ*ﬁﬂ@g‘x ITRR N, n?éa%ﬁred value
“and i m ni mum val ue o Itiron, since it
ofitbe dicavierf efrwitgbbielagén ¢itirattioreisygotten ér@ahdlﬁ@chcprg hattgsnat mpasuring
' e t
?/Mngt Hb% N6t mdﬁg%"? o% gstlo% Qﬁ’é}% BRIGRD ke 3%@&896%3 may show

rection o W re can’ be han

elinserans jesimaivtshonwdditidrones 4>fea¢gt3|and|nﬁ@@bordmo@f ultra fine

wire reflected shape of bearing part of the final

di anond dice. 8 8 Cctober 2009 Wiere, second nonent
Thef irvepters of ﬁh@fsnr@@lni prvspten iresplved thet revblyaiien teethod by N order
mgﬁgﬂ &garé fseesfﬁacg\/e Wc{s@mgﬁgﬁﬁgmmhdépdl o‘ﬁgmmﬂﬁ&%qmeven shape

t hat ecaseo firs aor d
inn‘gﬂiegteilm‘ﬁe sinesa catrenefl leagnasiethph imtensidsnethes unevermeas of cross-
SRBUF7 draERE sy SEFRBS TR Btpofi ot itttk crpSdctfan ncluding
e'u:tsbect and pol ygonal wire being not as cause is

expl ai ned hereinafter. In sorting nethod of ellipse

wire on the above-nenti oned precedence technol ogy, it
Wihes defermadien rf nofugonaixvineirheeamee latewitrie usiedntet teecomet Hefect of

[ e t :
ereFdfch LKA piFs (JREAN Bt ahis Ao ifcfyf BRIF gy difused
refledtionr ﬁhlamhﬁmamomlg gepeiated b¢¢aue©@§ymtenu Mua@apéw:re when light
c r

reﬁ%&é@ %‘6]5519@ \gﬁbgﬂ]ﬁalﬁéﬁ? (t,r}Jé{s S%J?ﬁﬁg)f?l{( Iec-{ gnrgcgctgfe Hgye it cause of
padyionaniiéy. @mvhoodethwﬂ@f|snv®gttor®stmrgui18heeilmse%fﬂ and pofygonal wire
hds”M&r‘%éle fcfu%tcﬂoéél ‘?éjr T}ﬁ%tm%’rﬁ&%%f' fﬂ@ Emdmgé/nta%ln %Q@r%tjcceeded

noren effective ngU| shing neth
qusolifjiepdinalof ajllp@ \fvrr@,m;sum@vghmg Iediipee W|re and polygonal wire by comparing

ratio value divided the maximum value of wire diameter and the minimum value of that of
second moment of area or the maximum value of wire diameter and the minimum value of
that divided by wire diameter. In addition, even here, it is considered that in the case of
first moment of area or third moment of area, evaluating unevenness of mechanical
property originated cross-section of wire, it shows same trend as second moment of

area.



including ellipse, since cause of |eaning defect is g tober2009
consi dered as unevenness of cross- section, or
ani sot ropy of nechani cal property orlglnated di storted
cross-section including ellipse. Wen deformation of
pol ygonal wire becones large, it is used to becone
defect of appearance so called Gra (glittering).
ESFFETSERNSHRPRESEMT NVENSTIGIN ttering by diffused
K{ﬁitectlon. Thi s phenonenon i s generated because of
Gn&ven surface of wire when light reflected at
Eftentel ohthewbresent Naweslign iscyabdng lseoing alefest byiscdingsbanding wire before
- LECI c |yt I Howey
béﬁo‘r@ogbgg I\g%rreb\?%rgﬂtl%gggfsa? Iaﬁ%u%ss%% iie%r% ng, 898 rtel%w by quantification
ofpallinpgoviest Wiate mdiasit has b@fé\e@blfl tupelve pahing .defdee by managing of the
e h r v
firld? i ]{]%m%oer &?@ cﬁﬁbeé?ﬁjeh% Sgﬁb%g?%&ﬁ@ﬁf@?@ﬁondm wire is

quantification o 1 pse ) I ps
raiﬁtméthﬁmpp@lf beinal pani of éhebiinad dravdmnd digmonduice. val ue
di vided the maxi nrum val ue of wire dianeter and the
m ni num val ue of that of second nonment of area or the
D RiRIOMNDEd HTf MAISTEPRERRBREP EMBODHEENT NI num val ue
{ogﬁg that divided by wire diameter. In addition, even

Me%ﬁ!% v¥|re %Jsed 8n<§j ﬁ w(?rg iﬁg‘feferabF hﬁu sz‘gewi%(];h Pgsl %3} té of more than

Qma@mamé’sm tbé prmeh!anvmbn Ipisdpeatse abmsgftnsai bd shape of the bearing

oFLSERE AT 80 Y OB B B B ctos
prERESENGNHINYENE BNt [OGid) thebdree tgasoh, it lsen peeserttigh purity Cu and
SIWERBLORA o) YISk earhIRedRlacs Aol AL NG RN Baicy, or

W T é ore stage reover has n able
thtesue selal end eboy with d@ilelcaddnmweteynemmmthaso@a,l&ﬁra In,&n and rare earth
mg |pse wire. Wiat's nore, it has been able to solve
eani ng defect by managi ng of the final draw ng
di anond di ce consequently, since surface nmorphol ogy of
bonding wre is related to shape of bearing part of
[0PKE final draw ng di anond di ce. DESCRI PTI ON OF THE
T|']E&’BTS I?BS%RRE& EVEGD Id\u@f‘éﬁt |r|*33\£é@|ﬁ<2:] lfl\l’_ekawmmiimﬁter s @&bs than 30
or _hondi.ng wire jis preferable re [ a . .
SR Soft Rob AR R5258° ik 5 4 RN anpeaning defect s
gdnevaed indifie pitth beeabasdll febddauss a $ioé ireSOgéealihaed. of
the bearing part of the dianond dice by which
drawi ng-out processing is carried out is reflected in

ePEE LN o SREAREA R PNy aand soft

[ER&MpleNts et al al loy, for instance, Au-15 mass % Ag

[08' | oy, Au-1 mass % Pd all oy, or

High purity Au of 99.99 mass %, compounding with certain amount of partial additive
elements to high purity Au of 99.999 mass % was prepared. This alloy was melted and
was cast in vacuum furnace and was drawn into wire. Where the final wire diameter is 23
micrometers, preparing 6 kinds of diamond dice, which have different orifice (each
nominal diameter is 23 micrometers), 6 kinds of ultra fine wire were formed, and then
final heat-treatment was done to them. Diameter of these 6 kinds of wire was measured
by diameter measuring instrument using laser diffraction. As such diameter measuring
instrument can be used like digital measuring instrument (LS-7000) from KEYENCE
CORPORATION, Laser Micro Gauge D5 from Tokyo Opto-electronics Co. Ltd. and
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these netal and alloy with partial additive el enents

such as Ca, Be, In, Sn and rare earth netals. [0013 October 2009
There is no restriction in the present invention if

the wire dianeter is less than 30 mcroneters, it is
preferable the range of 10 - 25 mcroneters. Leaning

defect is generated in fine pitch area, and it is
LbeRawserom CkpganM re is generally used. EMBODI MENT OF

THE PRESENT | NVENTI ON [ Exanpl e No. 1] [0014] High

purity Au of 99.99 mass % conpounding with certain

VREBUBY reduitaditd aihdaddlividevare ﬁmmeéﬁ §|dtt@d hzrogh AP Ftny H@J 1. And
of 99.999 nmmss %vvas fﬁ’rﬂe$ ﬁl h s al | was nel t
b f 5%8 Pi

enjfged REsSgstons Pl 8GN ARRO VR (gionated a5 A
toV\W erig Where Attb & lf\lFT@H a\/hbfcarréi,rﬂjﬁiﬂhgfwthA 3F in Flg 2. Where ovality is
m croneters, H‘Fre a% g #(I nds of dla‘?mnd d{ V\/g
defgd agi Velup Sidegr diferecq bR MATRIRA2BPIEHEt Wire A8 é%e minimum
dighmeted ettt Sy, wite liankserofos | & €00 k N@haMaRinWel @alierarednding wire
one, to

and then final heat-treatnmept was
dipmglast er(thsy MiIHRYE &2 HPn‘&fsb‘a?J?% P’Vé’ewiémﬁﬁeé%br(%f“'“ﬁi/ bonding wire
dldh@f&?})eéradmmbﬂ fH@ohd HicmbTRBE atési (K" Isasfinedaé f1 Da&t(tmnammum
|amster r|n i nstrunent can
il S T el . MRS o) MG Value and the
mWMIumﬁb%enﬂsa@@ﬁs%@m SGepppey Bb 11 nerdebpdasoagainst a
ctroni %%@ﬁ&' Ltd. and 10 8 COctober 2009

S§'HY C?’@ i 989Basured results of 6 kinds of
vvire are shown as plotted fromAto Fin Fig. 1. And
nl ed cragss- secgl ons of direction of radius of wre

?i“%'?téjéfﬁi‘\/\ﬁ()?é'ie&r?i’t% s A to Fin Fig. 2 Plot
AtoFln Fig. 1 are correspondlng with AtoFln Fi g.

VWhere ovality is. defined as "val ue
DRI BRAPPP Ch BB AR THTSHR RYETVE DYl €5 GRdreERtep of a som

ciffutiférdite ShaIEineFigos, :‘hbééunh? dMrigedioraLR tedH@rit, of ircumference,
t he maxi num val ue of bondi ng wwre dianmeter) -

100 x ﬁéf(‘l
radiusds RRIRYIAGH val ue of bonding wire di aneter) /

(nom nal bonding wire dianeter)), and "ratio of

second noment of area i.s_defined

CgssntfingJg egeh ra %%oh%ﬁm&nﬁ J&Fh'é‘?a?“rﬁ?ﬁ%‘?%)ﬁ(h%ﬁ“ Fig. 4,y of
hight4e k-0 dndgidtthgrofiiddieR-aad He @0&1 fr&@ calth rmsrmmnd r cos ,,. On

value from 16 B gﬂents meﬁasured b FLEDI %@é
a gerfretedargglay ok peight is gritenirore (pRaskiss %r& gniddle point
of S Pisht ' R BEMRrerfeC ar la%p@ﬂtn@étlﬂ@dn@én veluk osculated from O divided
imperceptibly the circumference and value of r, x of width is gotten as the width of its
segment calculating each value of x from subtraction among the value of r and ,

measured back and forth of these segments of circumference.

Representing cross-sections approximated to rectangular from x value and y value for
each circumference segment given in such manner is shown in Fig. 5. Doing in this way,
second moment of area as wire section can be gotten from integrating each
approximated second moment of area of segment. Doing in the same way, one by one to
correspond to number of division or 16, shifting by a unit of 11.25 degrees, second
moment of area is given for each direction of a same circumference.

In the explanation above-mentioned, dividing wire section evenly, by each direction of

radius, approximating rectangular, second moment of area of wire section is calculated

11



Di viding cross-section of wire into 16 segnents even ¢
by 11.25 degrees step of a sem circunference shownkbtt()berzom
in Fig. 3, neasuring dianeter for each segnent of
circunference, radius is calculated. Corresponding to

each radi us of segnents from neasured radi us shown in

Fig. 4, y of height to x-axis and width projected to

aX s@n&itied af lédtﬂhﬁ ﬁ\ﬁrﬁ?mtﬁc&@?ei o$eBch réﬂt&i‘tgﬁia@ot&ese mida Otlaeaualue of
ncrete el t ott m.maasure
ilongh the o or g T of Breaeg pEReC

circunfer ence or appr OXI mat i ng nean val ue cal cul at ed

from i ded I thec rcu
A gbst of 8Rloges FREERTIE Gobeeiass! BFIRIFGE Fieyrate cross-
se&ﬁ@rﬁmfﬁﬂe giqlbed bpddenglagag h us/alettﬁataé txXmbsQme sy dividagt e than 16 in
qg the value of r and neasured back and forth of
g‘fr}’f’é%e segments of circunference. Representing
cross-sections approximated to rectangul ar from x

M\éﬁe\pgﬁr %n egé (’S\éﬁ(lhg}eﬁ,]%r?({ a gx?rg % Wﬁ’n&aﬁ# Efgg 5?@&% S %gseqrr]rh c{rﬁipsshape of

wit@ Sectionie tod digimrenativivsof tuafeeanaasummewtsesmltsom e lmeasurlng point

often from.integrat a ed secon
aifghafimgpapedt SPoCeldienie o Raenta et STl Sgre e in the
cdferasi ®ottem Ilﬁ@ﬁé}ﬁ&l}@@fﬁbh‘t@ anwireeecdn. di vi si on or 16,

shifting by a unit of 11.25 degrees, second nonent of

area is given for each direction of a sane

Compatiny efcasgred rebultshef exlprhcwlat wirg ﬁbﬁ‘é?f reenini mteoF in Fig.1 with
W re secti ea i rection
oo ERE AT Al F UL GG STEFSoBE b & RUIRB Y Ve section
(1ar eaPpt AN Eigsechadrthe svatrl gk ahed “thelvAudesf aberdi®deke of the
as sunmmati on of sectﬁgd nonent ? 8‘ dotp{ gach inal wire di ;
rect BAYNUGH Vel A0d e JAV U ValFediyided by, T amigd Wie diameter
the ®o) seaClish Niié estioast oA thoMsTR Y aodaAlt eatHef shapteear a true
secti.o This.n f division is not definite 16,
becatl< f'"?mla§”hgt Fl@f ected to accurate cross- section

(20hi | ploflCvAridierl irs Pigc @ Hase I:ra@,ﬁdrsedi tallis fz’ﬁh’etﬁ“n@f\@b]eeoft“me difference of
[ re than 16 in

rreas di vidin
i et Siogt o e e e AidhOcH! P mpine! pre diameter
Fl g (9" BRPEIES CihE rancseﬂrﬁec@md ﬂom@hapﬂe@t it cah be cdafrriednhat these
this figure shows s measur de'rqe ,reas]ults at sane
a6t

measilPit @S?ﬁﬂeﬂearﬁ B?‘T ‘irﬁ It e er along the

(3) engOh tick ma@t haid, tAougiedidt B QUG afh &N Figh 1 Ih‘@/e ifEBhed value of
Icts center of

of b tto ct
Conp 9 Vi ebBe dEerese. o5 Bt valee Bpd e iumaplp dvided
as I 5y Wird @1alﬁwelté\“ I%)g bt \thd Ihcreaeé€ bf NG ratioas Seb&nt indment of area"
in At %rh '%dradlusdlrectlonof
Wi rear§éEF’\EoWe”qﬁse%r% fheshape Bf geanPA9ent he val ue | ess
THdrefare, tilaen Wl retiohsHief giotthgr@nee(f by e size of "second moment of
area" or "the ratio of second moment of area", it is discriminable ellipse wire and

polygonal wire.

[Example No. 2]

[0015]

As in the same way of the [Example No. 1], the final wire diameter is 25 micrometers,
using 6 kinds of diamond dice (each nominal diameter is 25 micrometers), 6 kinds of ultra

fine wire were formed, then final heat-treatment was done to them.
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maxi mum val ue and the m ni nrum val ue d| vided by the ¢ g.ober 2009
nomnal wire dianeter (%" and also "the ratio of

second nonment of area", it is the shape near a true

circle fromas in Ain Fig. 2. (2) Plot Cand F in

Fig. 1 have increased: value fromthe value of "the

di fference of the maxi num val ue and the m ni num val ue

di vided by the nominal wire dianeter (%" and al so

"the ratio of second nonent of area", it can be

Meenifred nestiitdidive Bhaxls of ariee dibmetshigpehavernplotting iasse & foolmin Fig. 6.
M%?edv@r geaqun s’ﬁab@s gﬂulgrgea alo(r%)ra@ﬂs HiREct@h e LyirB %@Qtiontang 'égan/n as in

i1g. 1 have iIncreased val ue of
G tPHe'”\Féﬂl Je Pd‘ft @ i’i‘é Ldn nge ﬁéf%:“@sgcpnq RePlpleiitonnih i Je Viifge. a deep

scshhenrr@ @hmﬁaédﬁﬁwa@éo\/lsémd cirély sWab@ (ﬂh@l?@':‘fs@étio(n%rom \bhﬁ diameter
ncr.eas

P ive of Faf o008 shiee Piid cha S TP o Fyts somi circe
shidperas thor Bye B @svutring llhet iatsi coimsheipleof pl ot t i ng (1) to
(3), by the size of "second noment of area” or "the

Aé%%ll%gggw% %gﬂar{o”g?@s"f l?ort@‘%} I;éne %@@ d:%%k%m niare section, ltis
clpgioiay camparsanRiotda fel Wafidop af‘ﬁéeif[f%’ﬂﬁg ésm@SSﬂecthw plot G to
L fih idg. i i eandi lawé tedlipse svizSsimiper e terglatiorubétnges "liendalue of the
dii¢redcaamditice chagienupe aelne nand thal mikirauratvaitug 8ividéd by the nominal wire
difhetednedernd “the klie@s seord Mmbmenf bNBredl' i 148 1cBsé OF MEd.and J of
pd af M?%l hgﬁ?@ b ?fa&g‘?\ﬂzﬁ V‘@‘ﬁhg ﬁi% dRelIMB mbginfim value and the
mi mHet }uelc% I o a?nl“élr ec%nt”np Iwnre dlgmeg ?6§ an'crrég]é_es thé"rgtuo of second
m%PQb\? [Bredg glgt 1P aé‘ﬁ bé‘émgrﬂ Ul R Y 53 Fﬂ?ge is no correlation.
Agardipg ioihegesulisra {Emmlgrﬁ\fcaﬁéa@%bw@na%e Nﬁ 22. ftdumnsjont that ellipse
wiFe gand7polRiapial @ireocdn be idergified andr it és pohdependenbion@gpecially the
ditfeteRcéicg. mdasubie velue 2ofd@Re digmbied withneorsdigtith e "the value of the
diféleh PR e thes Ridkinfnk “hReSARPReOhinthif R Hi0Rel N dofhinal wire
mﬁh@&??%g'&ﬂP %ﬁﬁgoy Igd%&x&&ﬁ%ﬁaéECt'O” shape in

['"ne shows a sem circle
shape at the tinme of assumng that it is a true
circle. A small square shown in the center of bottom
[Bxemeledéqidits a center of wire section. It is clear
[OB{@m conparison plot Gto L in Fig. 6 and representing
cross-section of plot Gto L in Fig. 7, Kand L
Totheendxtpgsinanthect kindpof Wirs ie drxasnrle iNen 2betsingethe witgebonder (UTC-

40Py HE) Sm BRRKkadh IdeLeNGR tH{‘J,C aif, %It@ﬁ’b‘aﬁm ¥rkdiBettRbd Rameter) is

m ni mum val ue divided by the nomnal wre dianmeter
forggd ahhg megredipeiargs BnesalchnilichoRelRts gmripespd digmeiepgn pure Al

p&P9e 100 ticrdmétBd squefe, at predetermined loop conditions (300 micrometers
height, 4 mm length), when 10,000 times of bonding were carried out, leaning defect
shown in Fig.10 occurred.

Resuit of this leaning defect (number of wire) is shown in Fig. 8 and Fig. 9 as correlation

of "the value of the difference of the maximum value and the minimum value divided by
the nominal wire diameter (%)" and "the ratio of second moment of area”.

13



pol ygonal wire shape, even if "the value of the 80ct0ber2009
di fference of the maxi numvalue and the mninmumvalu

di vided by the nominal wire dianeter (%" increases,

"the ratio of second nonment of area” is low, and it

turns out anong these that there is no correl ation.

According to the results of [Exanple No. 1] and

Frbﬁxﬁgpé eaIﬂN@ugrﬂ:@rrélétldrUdeg%a? (Qegé"ét guﬂn{)@&ﬁ w:)M)f and@ndle value of
ona re can en i ed an
B RR o'k Epiivaee i her PR cleliss SBad v e diamoter
(palisuwohs Wiade cdirakmseiof Wething afefet gbiuroberodf Wirdle andl “tre ratio of
se%gnci Fﬁ%me% an Sfeg'!“%ﬁ: @ d9 Lsn‘ﬁ é'()rgﬁn}t\{ ng%u?{h%t hhsemostly distributed
T mum valug cdi vi'd y?he dira

nont nall Wi re
in {feg shapaof atshisightliieo of second nmonment of area".
[Exarrpl e No 3] [0016] To the next, using the 6 kinds
usj n e bonder
Tr\e(ﬂf@re 50@ hWEqé)to ﬁP’B?ﬁ gﬁzflqﬂ(y%’% t@;qe@qlr&; \g‘e{eﬁt ﬁcéirsala}nd in order to
idémiff eipakhafa3®irg) thenBicebs sé@ind @oment ef hrda® is baringishensabie
..0.5 nmsec discharge tinme, at 45 mcroneters
COESWB’P'essed di aneter on pure Al pad of 100 m croneters
square, at predeterm ned | oop conditions (300

Né&&gof‘ﬁghﬁﬁ Sthe NRIENDF 1+ (ﬁmérleﬁ[‘}:?'bmhe mgfﬁ?ﬁq ~3RE édd@é minimum

were carried

vaiqegdrwéefbe:c thernagningtediat diapeter (ol ip E@%ﬁwh&ﬁe‘&*@ 3(°r’?uﬁtf€? ratio of

se@BnWoﬂ‘)en't o SRAVR bWeldlie, foaity difget Redhot8Edue! &d iBMact, such
"the value 0 hFe difference of the maximum val ue

of
mapydviFernave iRl PR di vi ded by the nominal wire

d| aneter (%" and "the ratio of second nonent of

alt IS :F‘l%t §bi9:150piqgcﬁict2!%g%agfc[e?%§t Fllogﬂ "tﬁe v%i{uteh&u@n? dlffer%nce of the

maxamgmz\@ll@earwfthsm@mmuméal@ﬁnd@ﬂd@ﬁ H@e nmmﬁbmwdiawt%fr(%) and it

is 'hBEaBibNb "SR BRkIG Wired. We@%r“t e nei MBYE Mmark¥e thé Final drawing
| ow as, 0. 64, correlation of "leani ng defect (nunber of

digiperd dicg P "t he ratio of second noment of area" in
Fig 9is high as 0.94, it turns out that it is nostly

% ’f belfjcté)?nd to rt])g PPSﬂﬁiFi(g%}ag’fagg llefé\tﬁmga O%hl?%% gkzvrl]&\e me rﬁ)d of identifying
thé dnali drgwm\gfcbmnomtdmeandamb ias oackgement valderdfi"fhe ratio of second
m&hbART G a@ﬁc&"leraﬁrnﬁscgeﬁt K/Qﬁésot()fpﬁlré E%Weﬂq%ré@ nlﬁip}@:{ of packaging,

ar ea IS an |nd|spe con t1on "
andt ppnding gendiffonshié i9linpt epen e defing ﬁesqlramwﬁ/éh%éa%af second

mbMEntNafHreBMy & @édekﬂie@‘éd/ ﬂﬂ@ﬂ @Moéshﬁe ROBdMR eWlrérfte leaning defect by
di anet er Vv eofllke3%|f "t he
MANAGNg 1§¥s tg‘@%éc%d’f rb?'g rea" is |ower val ue,
| eani ng defect does not occur, and in fact, such
BRIEF DESCRIPTION OF THE DRAWINGS
[0017]
[Fig. 1] Example shows relationship of the ratio of second moment of area and the value
of the difference of the maximum value and the minimum value divided by wire diameter.
[Fig. 2] A to F: Examples show 30 times enlarged cross-section from actual
measurement value of only radius direction intersecting perpendicularly with the
circumference.
[Fig. 3] Example of schematic diagram shows circumference portion divided info 16.
[Fig. 4] Schematic diagram for calculating height and width of circumference from radius

r measured evenly dividing wire section.
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many wi res have been identified. Hence, it is not abk%cmberzoo()

to predict | eaning defect from"the val ue of the
difference of the maxi num value and the m ni mum val ue
di vided by the nominal wire dianmeter (%", and it is
not able to sort bonding wires. Mreover, it is not
able to manage the final drawing dianond dice too.

[FRY @é%emétlct&@qmﬁoréﬁdoﬁa@@ﬁﬁob|c§|c&|@tuﬁ$8@;ﬂﬁx;h%@é‘bél@e of second

ef ect t he net hod .of identi e final draw ng
O 8 4h SR SeciodGERBIN Aol ue of ¢ ha

[Rigat 6p Exrpic ehdws Mefatiohshyf secead . m&inaate of easa napndebieet divided
dlfge%rl(\]c%sofbt%e\g%érﬁmgljnacﬂg%g{elr §§ ﬁ;ﬂ? alélggtﬂg nQJ'n 8&?1? Iﬁ?agﬂé&%‘o?fi t@gpby wire
dlafaet@e(cé)\fahtyehe ratlb of second nonent of area", it is

[Fonai ¢ergd  t r@}an‘lﬂleé %hBQJS%'DbltIﬁ\eEOeﬁl%ﬂ}erdmcr&étge%% from actual
["eani ng defect by managin ess 1 %o

MeIBURrALTY . Valng ERf I9R¥CIadias e@jmnrw@emmrpqr@@f%'y with  the
cu{oEmgareﬂde Exanpl e shovvs rel ationship of the ratio of

se nt of the v t ffe
PR R o e e Tt i B g fimimum
diameter dmthl@@nieg defdeFi g. 2] A to F. Exanpl es show 30
j I
T P e AP ohs RSN socB e RIRRPOF arca an
legingde GFtcuI arly with the circunference. [Fig. 3]

[FigX aimqnbr@wm‘g \ﬁmaer&ké@atdb@gﬁgaabfé efdté® Wthe 1c8E Bf forming loop of
ion divided into 16. [Fig. Schemati c di agram

bop&ngér\grefmrgflglﬁtgamg?ght and w dth of circunference from
radius r measured evenly dividing wire section. 14 8
Cct ober 2009 [Fig. 5] Schematic and interpreting
di agram for cal cul ati ng approxi mate val ue of second
nmonment of area approximated wire section to
rectangular. [Fig. 6] Exanple shows rel ationship
second nonment of area and val ue divided difference of
t he maxi num di aneter of wire and the m ni num di anet er
of that by wire dianeter (Ovality). [Fig. 7] Gto L:
Exanpl es show 30 tinmes enlarged cross-section from
actual neasurenent value of only radius direction
i ntersecting perpendicularly wwth the circunference.
[Fig. 8] Exanple shows relationship difference of the
maxi mum di aneter and the m ni mum
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di aneter and | eaning defect. [Fig. 9] Exanple of the§0ct0ber2009

present invention shows relationship second nonent o
area and |eaning defect. [Fig. 10] Draw ng which
| ooked at | eaning defect generated in the case of
formng |oop of bonding wwre fromright above. 15 8
Cct ober 2009 CLAIMS : What is clained is : 1. On the
process of sorting method of |eaning defect in bonding
Wi res which bond 3- dinensionally between termnals
Clsd™P 55 semi conduct or chi ps and | ead frames, and the
sorting nethod of bonding wire in order to judge
wheabcRgndetect at |l oop formng conprises of the
foll ow ng sequenti al processes: 1) Dianeter msasuri ng
process of bonding wires, which divided into snal

1.segn8h i Prasessitd SAED ol ARG ise ??{@'f@o\ﬁ'&wm bond 3-

diteh§8nAeTHRherREhiREls sdbh BE @eRS®nalicteasiips 860RAd RARAL and the
area calculation by inte ratln each divi ded

:
Sog’@w* hod GhPARING WirPet PBIFT USi HGIE HEANBASIFed §lalage forming

c&ﬁpr@b@ﬁﬁﬂw@%%ﬁm@ﬁﬁu@@halWrdc@ssé%) Corrparl son process
bet ween t he maxi num and ni ni g]ém val u L t he second

DromelAmsfer gpeaguring profethf jsn 8ot Wi dMtlgdpera!isegments
| eandfiige 6AbIe Grc@hicheidi di thebdrRih Wit bdderdtbodding.

di nmensi onal I y betvveen term nal s such as sem conduct
2)chi parospitp PlezRENFSeaRRs Mogiedt Phareasquigiign rPé(tiﬂ@araémg ‘each divided

bondigygnant BRNgNA BfdctibR Ushdote rfedtiungl GRS drRimdt@OsF bonding
form ng conprises of the foll ow ng sequenti al

proc¥ses: 1) Process of measuring diameter of bonding

3 I egoMPhiddndirdébhdtésh FdBinbxink@gBBA hsnipfurt RelLBISItee second
CI rcunference of the bonding wire before bonding. 2)

Pr ocB8¥egfol@#% ul at i ng each second nonent of area
integrating each said small segnment along axis
direction using the said val ue of diameter of bond

2.4 1 G50 H3P AP GBS UG AR FGH KO8 oS IRGH R heh bond 5

diffie Réi BRI \ahwiss ot rflinaRRILER a@%eﬁ%ndﬁétbﬁ&ﬂiﬁsﬁé@d“Fé@dffﬂ’aﬁms and the
t he neasured val ues, and the nmaxi mum and m ni mum v

Sopings SIRRA 1P rRaRdingr WiiRelf PEster wAi kiHoR deRning efed alx i°§>p forming
coMgrRES bPihe MloWIRY sejubRiETHRICBESS: part .

1) Process of measuring diameter of bonding wire, which divided into small
segments of the whole circumference of the bonding wire before bonding.

2) Process of calculating each second moment of area integrating each said small
segment along axis direction using the said value of diameter of bonding wire.

3) Process of calculation of the maximum and minimum value of diameter at the
circumference from the measured values, and the maximum and minimum value
of second moment of area for which each divided axis direction at the
circumference part.

4) Process of subtraction on the maximum and minimum value of wire diameter and
the maximum and minimum value of second moment of area.

5) Process of comparing difference between the maximum and minimum value of
diameter as plotting x-coordinates, and difference between the maximum and

minimum value of second moment of area as plotting y-coordinates.
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4) Process of subtraction on the maxi mum and m ni NUNg erober 2000

value of wire dianeter and the maxi rum and m ni num

val ue of second nonment of area. 5) Process of

conmparing difference between the maxi mum and m ni num

val ue of dianeter as plotting x-coordi nates, and

di fference between the maxi rum and m ni nrum val ue of

second nonment of area as plotting y-coordinates. 16 8

200 f di .

me%go:‘?ﬁngs% gwodsof Eglrlé héjg:\g%g}\@w%g% sapoogw {éﬁn"\f ﬁ?/ﬁg é:iaim 2, the
metbopcersprisgig: On conparing with the maxi rum and m ni num

v f : [ (I
Orﬁ%{arﬁéad% ﬁﬁﬁ@@%g?m%né; Ié'un%ﬁgr% r}/g@ otriageéol?iﬁ mo%\{&lt %ﬁgﬂeg usmg the
evelbtarn aetodfnoimetrato oflsédoad encreetielf veeen Vt/fh@ maﬁaionm@d from the

C f ' -

difﬁerﬂgwcg th‘g‘]f/ eﬁé%Xﬁ%ﬂﬁ% %rgd ﬁi%u&h%%pgrﬁnr(ﬁamﬁu érﬂ:n s\/e?l&ﬁ(g rﬁoo?nent of area is
digaémidnckitentba tmadmian eaminmuOnvatimend gecdtmorsetiad ask.

di anond dice for bonding wire which bonds 3-

di nensi onal |l y between term nals such as sem conduct or
4.chi g3n anehageaenf mzates] canthmonxchdipententbandingodirefwhich bonds 3-
: | t_of di n [ . - e.L]
o BB P ABRT A B ERiRAHA ohfe chlieqy Hmes. and
mipagehent wkethodiaf esdyupart philiamendgerdntoe yseddesthedinallgrawing of

N L

predesseshol e circunference of the bonding wire after

d' app 85 g# ﬁ}%aglﬁrﬁ*g Wi d et © ed?\ﬁdég Ci c%lnﬁgljeﬁaé,%ia?ﬁnided into
secon 0 rea egrating each snal segnent

al osgat isegmns afi the,cntﬁodm cinginfgrenice of dheiboodinguwire after diamond
di a%&%?aw;ﬁ Process of conparison between the maxi mum

and m ni nuntval ue of the second nonent of area. 5. On

Z)HHnEgEJeBmtofnmtm.dgiingf egki:l’arasen@hcﬂinmnérﬁrofbawdi imgeoniting each small
0T Sl BNk SLUEREONR) L IFL VB o SLE R such 2
chi'ps "an )

sem conduct o
3)met Rowtess obmparr'gopmetweﬁn tﬁeammmdumaml mioingn uvséle df dne second

the f'nﬂa% plg 1%é{ivl ng, and judging quality of bonding
t Re?'¥81 1 owi ng sequential managenent processes:
1) Process of nmeasuring di aneter of bonding vvi re,

ot Sy AHE LT ) A5OUT P P SOGIBE vy bons
dirdemsiwmadly between terminals such as semiconductor chips and Eead frames, and
management method of bearing part of diamond dice to be used for the final drawing, and
judging quality of bonding wire by the following sequential management processes:

1) Process of measuring diameter of bonding wire, which divided into small
segments of the whole circumference of the bonding wire after diamond dice
drawing.

2) Process of calculating each second moment of area in the said direction,
integrating each small segment along the axis direction using the measured
values of wire diameter.

3) Process of calculating the maximum and miminum value of wire diameter and the
maximum and minimum value of second moment of area at the said

circumference part from those measured values.
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2) Process of calculating each second nonent of areasoctobcl 2009
in the said direction, integrating each small segne
along the axis direction using the measured val ues of
wire dianmeter. 3) Process of calculating the maxi mum
and m m num val ue of wire dianmeter and the maximum
and m ni num val ue of second nonent of area at the said
4)ci r Frntessevice | pdatingf diteretite 98 thee asvtinedn \aaldusima? &lue of wire
act O&ﬁﬁet%pgﬁd trga) leEf%ﬁgé%fﬂf &%k&”r@%h@gﬂlghfun?(lﬁuggf 9{%3 second
t he maxi num re diameter an
di f freereete of t he nmaxi mum and m ni num val ue of the
5)S€C ) , > f r&-nNg
d| f%&gﬂ\gnﬁﬁcﬁégﬁftﬁ%ﬁ%@pnﬁﬁ anﬁ é%&nb%%g@aﬁhg m%f‘ illm and
wi r enidiraume valre awise dianiater s poltingl krratidinatesnand difference between
di fftﬁé %&gw‘tmta\merﬂm Lt}ﬁ ngé' aé%goﬁ'ﬂ momémt %flLaHeed é)sf ploit'mg y-
t he second nonent area as ot - coordi nat
6. Menuaieiesmt net hod of di anDnd d| ce for bondi ng vv| re
featured wherein said in claim4 and/or claimb5,
conprising of: Evaluation by the ratio of second
6. nonevienagemenk aethaldi of Widreorshtlice fert keadingomre, eatured wherein said in
ff e maxi mum and m ni num val ue of
Ci%éoaﬁ@%?n%%énﬂ% E#}ﬁ rerytlﬁs di vided by either the
Evauationuby the matiophegnovdimenestt of esendhicb ieealcuddted frem. the glifference

between the maximum and minimum value of second moment of area is divided by either

the maximum or minimum value of second moment of area,

18



