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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 microns, wire has become finer from
30 to 15 microns. Consequently, new defects so called leaning defects become problem.

Where leaning defect is abnormal incline near at root of the first bond, after forming the first
bond by bonding a moiten ball of bonding wire to an Al pad of semiconductor chip, when the



bond by bonding a nolten ball of bonding wire to an Al
pad of sem conductor chip, when the 1 wire fed by a
capillary to forma loop (Cf. Fig: 10. Japanese Patent
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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 ultra 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
unevenly along the whole circumference of the diamond dice orifice. Hence, the difference

of the maximum diameter and the minimum diameter of ultra fine wire becomes greater
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In order 1o 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;



whol e circunference of the bonding wire before
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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.
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of said management sequences. [0007] Moreover,
[00@Bncrete requirenents are as fol | ows:

Moreover, concrete requirements are as follows:

{(e) 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.

(f Management method of diamond dice mentioned hereinbefore in (¢) 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 vaiue or the
minimum value comparing the maximum value with the minimum value of the said

N order moment of area.
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concentrate to the said boundary heat affected

afigated, heghalighlly sirperupRIbe fre@rfs roqthcg thep fitas hogel ©f bendig wire, and

th@ bSﬁlSﬁ‘?edeﬂ)ég RirbAgb&IMd étF&Q Tihd Bop BSW"@(‘TH’@hMﬂQW ré’celvmg very
canera. |In other words, whi draw ng a

e"lc%%fi?df fgfﬁ% ‘orthe praakestirorion of Wik maderisghw hﬂ% RePgregsinectrong fhe first

boml ta tﬁ@ﬁi[édeaéfwardehﬁbé}%d' BYOthY (Eaeplliaﬁy Clqﬂssbéﬁd BEHir8NE bending in
bondi ng Wi re receives stress direction

AfoToph ARG QT tsapas i gandlan Aamim i 1> qosiderecwhat s varied fs

prid@ipBdHMMomahbie 6t 1eghiRgabresd. i ght |y upper portion from
the root of the first bond of bonding wire, and the

portion receives strong bending stress. The | oop bends
ogmqthe timng of receiving very exceeded force to the

TR QN Iore o 11 Bresp e of Recipieten Bt et BPbERI R ing giferent
ditehéorc@pvaried) fromThe Fatledfdhetapillare is Gaulseahnb Ngrdar moment of area of
ur%\/&ﬁrﬁerserﬁf Whkd %ﬁ%ﬁé’ r\\ldgrf'né’lg1 ﬂh? s'i:[:@e%%fu‘?fto ?:'lglugéphll\é\%mess of wire
cross—sec¥on shape affected to the mechanzcal charactenstlcs 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 microns manufactured by drawing using the final diamond dice, a
bearing part of diamond dice had been presumed as a true circle because of less than 1
% of difference of the maximum diameter and the minimum diameter so far, the inventors

7



princi pal phenonmenon of |eaning defect. [0009] The
inventors of the present invention ascertained that
factor of bending of the different direction (is
varied) fromthe track of the capillary is caused to N
order nonent of area of unevenness of w re shape.
Namely it is successful to eval uate unevenness of
cross-section shape affected to the nechani cal
of %Prﬁé?%r"i"ﬁﬂ'%e”'ﬁffgég dhfe |"H6 d'Rle RefianPregymed Atk hargeonsidered
that ajonasibe rof iutcsSzeodrcé.he Wi re cross-secti on shape by N
- order nonent of area. It is explained N order nonent
of area by using representative second nonent of area
Evhbathigﬁ’@bt@cﬁss—dentlcg\emet‘nebe diffeesmt eize airdss itlhan dedn abiasto riEssify into

twggﬁjldg E l %lcﬂfhageb% hrbges%% sf 3 ?}rﬂ% ﬁff'&é'psglon One IS| an ellipse

al ac erISfICS cause t'oO a sec
shapre{vdws tleg differenee of the nvﬂmeumfdletnhﬂier mdahemmlues@amh@nls less

tha%rr’1 1%, ?rmthmgr%%%%omﬁl Q{a'i%" (Qrﬂen‘és Odifibents BRthe maximum

di anond di ce, beari’ng part D| anond di ce had been
d'%?%wmdthaémamt%é'ameﬁ [ieles §@m‘s1e Took Mogagye, htdﬂﬁslfou% it case

of éilipée emmeod@ﬁrst |Bemﬁ@>sbf@dfrm?u aaeRt arpo@rgdnélfmxae RleAdrates glittering
nvent or

. t,. .. .
aifs R REHTTE A ol HieL SERrel Romenie abed oot Belipguish case
of alipsdharvbcaserdpdlggead that it consists of nulti size

arcs. Evaluating the cross-section by these different

Wiﬁ!eﬁtﬁ %ﬁ % Ep))fe tﬂgi)ﬁgs%ﬁp wggnt%geﬁve%k @%8%%@4 Bg merﬁgondlng results
of ellipsd ehapertidnding vires inshanasd ofi gieesing hmlpe:hr(emjlmb bankdimg wire by

cagﬁfgr&,e t%fé%‘%o&{ thgtele%éjﬁwvrgﬂéa?gﬁec 10{1 %@Hte{’eﬂ:e hQ‘ﬁ'Pét'B‘éHh of bonding

ess hé o iI'sa
wirgotoyrgependssh apmrmmh@siﬁbulidm Itdma‘sffeumhthet thie more etlipse shape trend

be?}e)@gg §§§n£ Irlﬁ tnpoq'emng i M |s¥r§) f]?rf ?reﬁ@saﬂhoadé’ ) What the
widtbal merrha atstriigutide foecomes Wl@ﬁ&;ﬂdlca‘teqo’mlaylgen af berhrh:p@wnre becomes
BB b b 8 e SRS b it

di stingui sh case of ellipse and case of polygon.

Th\éthgntBFée o’f gﬂeeg{l'gge t% etnllﬂrgla%gl%ﬁgtthéf%%gt +fo ﬂeam ing defect should

I'nvesti gate
repiebéenm oy seherp:bmbrmdt mfgarea peginated shetionahepe bf Bondiygswing. Hence, it

is ?bgﬁgg'tﬁg}%qﬂ&r‘dlﬁ?ul Qld H&%&H bii ?é’con{f %rhéﬂr arbé vi{%imeasured

mvertical direciion centere
pré¢isely amgdeadh dvectiongof divided ciopeaspibiy stot mutipkeodinadtions of the

boﬂb@h 3{1 Q génjogg seét Pvi?e?orre %%ﬁgmpmﬁer} {I]%t ﬁ%n?or? relf bR gre%ﬁqﬁventlon

ones s
hadessucicbecteidopretdroenglslewogidiafectvwmr thiefirstvibdoth aff borglingalwire by

cag:ig%gﬁ%% erﬁlﬁﬁ ngﬁlé ch%%nd %n?e% oF al;e!l\aend ?rﬁrﬂm?ﬂin value of that

wre be
from the measured values of measunng 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 ultra 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 trend along length direction of ultra fine wire

reflected shape of bearing part of the final diamond dice.



| arger and | ean which has nore than certain val ue

becones | eaning defect. The inventors of the present

i nvention thought that size of |eaning defect should

represent by second nonent of area originated section

shape of bonding wire. Hence, it 1is possible to

predict difficulty of the bend, if second nonent of

r
W85 FERRHE SForcl AL ORR SRR, Br@rliaahl srss of
witgorefenid). WSeccms@@@dstb@ttfn dhe D@Efenﬁfé rg anemneny.of Bregnortthied moment of
n

o s ot RO AR e e B S i or area.

bonding wire by calculating the naxi num val ue of
[o¢@fond nmoment of area and m ni numval ue of that from

t he nmeasured val ues of neasuring nulti directions

Toath% et spetingHBetEod P llinse é\ﬁr@r?@esmg legaing Sefeg) and Rbisgeg] wire being
not B€cdusksd elifed BerbRBR&SENt ed as a nor nal

distribution. It is preferable to conpare the ratio

di vi ded the maxi num val ue or the m ni num val ue with

MAL - gt [
In %g@@unﬁ% %fgéug)ga g!gteo%n ) ﬁfﬁn én@ggrﬁﬁmgfédgaﬂec%{éﬂﬁé R&hnology, it was
comipaiingithevaddpunfvalusaaf winerdiardetet with fhegninineum value, rdezswred value
' . i ,

o 1 B8 1 p85 M S BHAL o8 0 R Yl mossurin
poitit,r éaiqea nncﬁflnttijoatal cnrgss sdatien chapd exbetlyd|teeset tifferenceshawmy show

<P P 1O SRV SRR cF S P e G amona

dice. 8 Wiere, second nonent of area is
h e r i
TSR B SRR KA RLBhed i BRANER L83 K orcer
m¢mer§tof ﬁtﬁ?elmeﬁeﬁlvar @%dlatmgumhm methed polygonah mérg from uneven shape

m&?d?r‘?%ﬂﬁoé%; n(?érgr S %{i«%}% @Q%\@ﬁseta%ggtésr@%@teﬂﬁess of cross-

seffisinh ot aoisotedryi cpisreeqhanlealdmmrtygorlmmm@;s@ée@ ctosaﬁdct!on including
euﬁggygonal Wi re being not as cause is explained
ereinafter. In sorting nethod of ellipse wire on the
above-mentioned precedence technology, it was
WAGHTREIAGGS" PRI W, Hiedfedlarde, 0l BTEMG] W 'oEfor fect o
apbyanaaseersomaﬂw &dnai (ghitteringly dBira meang ik, ffhichicisi glitfering by diffused
reﬂ&ﬁiﬁﬁ.rfhlﬁu ohg elﬁ’é}b{é‘d béch @@?En L1 &ASvire when light
Cr 0Ss-sec |on sha xactly, ese differences ma
refierdnd abbpading wired Riauwiy, @nesp-ssigtion af Mreriemeb trop drgige it cause of
I - t
oA, SORBADE BT B ORGSRl BUBAF A58 g pptoons e
hagonetnpeasf foand 0 farefihe daventors £f tae snreae@umenh@w ﬁrew] @»@cceeded
q@ﬂhﬁ’&@&?hf Uige \fird 'B\s‘t'iﬂ&tﬁ@?n% Bﬁ?P@e wirg %hg gbggoﬁél WikkSHr comparing

I nce cause of |eanin S consi
ratm@amqq divided dihe gyagieyum 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.



section, or anisotropy of nechanical property
originated distorted cross-section including ellipse.
When deformati on of polygonal wire becones large, it
is used to becone defect of appearance so called Gra
(glittering). Gra nmeans wire, which is glittering by
diffused reflection. This phenonenon is generated
because of uneven surface of wire when |ight
reflected at bonding wire. Nanely, cross-section of
ERRECE S GF AbiE I?RE%EHT?MVENT@N cause of polytonality.
0¢h ver, nethod of sorting to distinguish eIIipse Wre
so far

e Ao gRgPn o 2250 Rh PR AP b “BrlcBLinndliS vire before
boqeiagtstdgiec Moramven it hedsl bapmeabis toesolvd Istining disfelot n@N el lqupstiication

of B, RHE. B4Ry ok Beg PRIP Bhhbaniriidofagt§Y Miapeing o the
final driawing d&atlhum dfcetdmat;eq)fentlﬁtextrmedsun‘ia::ﬁ rmhorplﬁolegyeaf bxfndidgewwe is
e r .an e i mum val ue
fe%%é't%ﬁ%geﬁef#aw B4t 6 s AR R B0 SR Mo aven
her e, is considered that in the case of first

D%‘@ﬁ!@@?ﬁ%ﬁﬂ?@%%@%ﬁﬁ% ared

[0@¥2hss-section of wire, it shows sane trend as second

MetaIne Mre Qfsed %r%nd&gEEFdfﬁTﬁeﬁabTé'ﬁu RitkeSkEAIth |hW5Nﬂy@ﬂ more than
9% 11%59; ts of thetsa ent i nvention is solv %
0% CREPRPL SWPR tohRfaHEe s b Ee HPeeShaﬁﬁ fihggpearing
paﬁtte’tfgﬁe thﬁcﬁ@chﬁée bytwﬁmﬁd@wg-@hlp@ode@sﬁgluyeaﬂneamumh reflected in
%ﬁ tC X ntlb%lcamn i.pse
Profge &t b?ftd”iga\é! %géﬁ RRbTem es’*&f‘\‘?ereﬁ%odhu"‘rﬁj’”o%@f%%ech'g PU”W Cu and
sorfmmusgnftlﬁal dllae, fof |ne@lnc§ Ry B ghads agmg@u@,; Q-1 g_ass % Pd alloy, or
consequen nce, surface rmr ol o ondi Wi re
these m?@f%rtdeﬂ%vavlé Bﬁdd"fﬁ\@a‘iﬂ?'ﬂﬁ éP?‘%? %ﬁhgeﬂmgri? and rare earth
métaeW ng di anond di ce. DESCRI PTI ON OF THE MOST
PREFERRED EMBODI MENT [0012] Metallic wire used for
bonding wire is preferable Au wire which has purity of

[00PH © than 99.99 mass % in the present invention. It

I S'because it is soft, so the shape of the beari ngI
THeER #S BP FRECERM oM BIeSENbVAMICBNT dheuiirgdigeter is ess than 30

mlﬁrfoﬁ§ €I§§| mgerabiecmé rhRft U0 1 35 ARIbRC Leshihd) defBEIaS igbRerfed in fine
as it is. Fromthe sane reason, it can be

P“ﬁ%ér% 3%1 Biﬁ?etcﬁ'uﬁaﬁﬂ%iw"%? gensralliuses: netal alloy, for
i nstance, Au-15 mass % Ag all oy, Au-1 mass % Pd all oy,
or these netal and alloy with partial additive

EMBOTRMIERT SHCPHRPRESENPEINVENTION and rare earth
[Example No. 1]

[0014]
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 dissolved
and was cast in vacuum furnace and was drawn into wire. Where the final wire diameter is
23 microns, preparing 6 kinds of diamond dice, which have different orifice (each
nominal diameter is 23 microns), 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
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metals. [0013] There is no restriction in the present

invention if the wwre dianeter is |less than 30

mcrons, it is preferable the range of 10 - 25

m crons. Leaning defect is generated in fine pitch

area, and it is because a fine wre is generally used.

EMBODI MENT OF THE PRESENT | NVENTI ON [ Exanpl e No. 1]

g r ¥

CORBATIOD- bl Sl 57 109 TR, UpeomEREL o8, L an
LOSN; RO TiemtGERSA.of 99. 999 mass % was prepared. This

all oy was di ssolved and was cast in vacuum furnace

and was drawn into wire. \Were the final wire dianeter
Mgasurezidresiity oh8 kirmeecpfawirmgressmwmgs lotigddramme i Egn Fig. 1. And
en&?@%cﬁ?y @eﬂlbg\g &f &Eﬂ;‘c bH 9&13 gﬁ?see&m %lshgwﬁ%glﬁﬁated as A

- 23 m crons Ine wre
to f£dn irigd 2 RietdA tohkeim Fig n‘aare m@ﬁpwn@m wighhd teidn Hna Where ovality is

degltﬂ&:r% s ARG HifbRARE of tH%' fﬁgﬁm‘ﬁfn %h@te\“’%ﬁs WiFB ZRH" RS minimum

| aneter neasurl ng I nstrunent usi ng | aser
dlamtﬁr akthabhy wite diaroeted{%4iered 0dnxdéhe |nm3<|mmms»talt@n@‘rhondmg wire

%‘ﬁ% QOO@Q%%M$EEHE 83@%@\#} &QAH% &ﬂiﬁ{@%f)w{nal bonding wire

diamelgs). BRIf"ralimof sesendapermert e @reaib ) és drfinedtag. 108nd(the maximum
va@s%g%nfﬂm%gﬁﬁth@/ﬁ%z%&g vﬁﬁék‘gél@ngfthe(smgklﬂﬂﬁw 9£IHe and the

W re are shown rom
migiamam yatieciren s1ﬁs%egmm mfasdied gt lepping of dd;aﬁsdeg’rew pgainst a

seRfeird e?énEeBP%déb‘?ééQnat ed as A to Fin Fig. 2 Plot
Ato

are correspondi ng wth Ato Fin Fig.
2. \Were ovallty is defined as "val ue divided

sdibhé Ho‘ﬁ%%%reé%ﬂ@ﬁ%ﬂé?]’dﬁb@@ter of wire and the

m ni mum_ di anet er by wire diameter (%", or
100 x ((the maxi mum val ue of bonding wire dianeter) -

Di?iﬂihﬁ1 '%%i-éggfﬁn"@f' Wi filo @@%Q%@Qnt@"e;v@nlp'bgmqtﬂ aedren?s step of a semi

nding wre
cirsuntsrencaohennd 1 fidarde anqasyring élaenef-ar fierdeach segment ot ¢jecumference,

ragﬁ%'ié'%émuléf gy ue - the mnimmvalue) / (the maxi mum

etting the maxi numval ue and the mini num
value from 16 segnents neasured by stepping of 11.25

C&F‘&b@ﬁ’(ﬁ n%‘%"bé‘éht ra%zusscﬁ@egﬁlie[}&%rﬁ rn?é%%ﬁre‘ar ra@li%g sﬂ%%?ﬁ? ng 4,y of
Second area | tal ned as fol

height 4 x-gistangvidth pipipeted e ¥-axs %@@W@ntf@rree@ﬂ ysifyy and r 258 - On

a SGFRE tar§dteP ofeight REGBiten from measured value of , measured at middle point

of segment of circumference, or approximating mean value calculated from 0 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 subfraction 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 gotien 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.
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circunference shown in Fig. 3, nmeasuring dianeter for
each segnent of circunference, radius is calculated.
Correspondi ng to each radi us of segnments from neasured
radius shown in Fig. 4, y of height to x-axis and
wi dth projected to x-axis are given fromeach r sin "
and r cos ,,. On a concrete target, y of height is
In gl% E?ﬁlarﬁ%tiemd%@éﬁ{eﬂﬂoﬁeﬂ Ui rﬁ?ﬁg} whrggs%%g{?rﬁg\b%ﬁ rﬂydégcﬁ dlrectlon of
radrearapwmnreatml redtangéar, fsemndondmentj@‘oarea ehwire @Qﬁlfm 19 calcu!ated
t j fe d t
asaégu?r%rﬁégfo&#g{%(:%?? Fno%gts é]a%r%%t&c h r%ct?rﬁ%lﬂﬂr {hla, Qfﬂ He® {gblue of
intrgrafiomoeeg mx—ncwrdlna@mngeccml malmaet foarea @fnrdre amh@w ed
back and forth of these segnents of circunference.
Representing cross-sections approximated to
Thissotrabeyudfadivision s xot\deffinige a@,cbqpaum tids hofrrefleciedhto accuraie cross-
seﬁt:ic{gn“«Mg_ !l_(e%ﬁb\ﬁdl &an Ssplagg Eﬁﬁer Gt ¥ ?:Pefé@lg%h{g pnr;e'é?r%r}%?ﬂ é’l v?dér?d"m\éfé thn 16 in
generad section can be gotten fromintegrating each
approxi mat ed second nonent of area of segnment. Doing
in the sane way, one by one to correspond to nunber
Mareowiirva deemsaid ling and i thiniselid tige & Rigi 2 repfesgnt @semi circle shape of
e e n : :
il B, nRCHANS BRR e pRaSielrndickil b garfi@ Heasuring point
ap@ﬁpﬂhmtter@rea&bmi@ern@nmg giretengtli direfiting. i srealseqare shown in the
ool B Mot 11RAGEIAL B 8ERLPH Wl sdcAghuS. appr oXi maf i ng
rectangul ar, s con nonent area of wire section is
cal cul ated as summation of second nonent of area of
wg%bsm&& suits ESE KR8 iy \M% \ﬁ%lnlré?eroé in AL FogF%' 85.1 with
coordi nates as second nonent area of
reiﬁirrm @@%&Wﬂﬂonsm i AteribierFiaf2 enlengsd oﬁﬂlul%dlfﬁ@tlord@ffwlfﬁ gggtion.
6, eFiyt [ O t o]
(Loe AT 4 fetifle Lo d6LtaouRe Al & fEBiRereppe of the
t 0 rre@zsrmld@ yaluliandt die) gniniouen valbe dmdedw by g@mepmmai wire diameter
qg'geénd 2do8R 2b df sbEdHR ﬁtBH’ueﬂt Bihé@?'s‘?ﬂ 59hd SRS Hear a true
represent a sem circle s W re sectl
th| §rmleg‘magm Pgt2.mes neasurenent results at same
_ (2?"e gﬂ AAnBH RiFig a’Pﬁé\'}e ﬂ'\gre‘é@E@r\%lt%aﬁ&n ‘?ﬁ@@él é‘loPQHe Hh%rence of
ength direction: squar e shown the
of be mﬂmmrﬂéa@emnéttbe ainiedrevalusf divided bs;éhﬁ ncemnai wnre diameter
Conpayy Qg SBAEHE ?Qio&ﬁ%é&&ﬁl Rbm %nlkdf RAS: Ot cM BE B Biat these
as in"Ato Fin .1 wth referrin cross-sections
as iafe fha gapeingarplipsedrampaiyeand&dnirg. di recti on of
(3¥v‘ ' R B 6tﬂ@r hdnt) u%ugﬁ ofdt i) pldt @ ar;ld ﬁ% the H49b HRrdR28 value of
val ue e difference maxi mim -
val uéhea‘t‘ﬁﬂJQ ﬁethendtﬁfermnﬁe@ath@ern@wmumlwme ORI value divided

Wi T &ydh iR BiaRfeter (%), but the increases of "the ratio of second moment of area”
are small, then these are the shape of near polygon.
Therefore, from the relationship of plotting (1) to (3), by the 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 microns, using 6
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(9" and also "the ratio of second nonent of area", it
is the shape near a true circle fromas in Ain Fig.
2. (2) Plot Cand Fin Fig. 1 have increased: val ue
fromthe value of "the difference of the maxi num

val ue and the m ni mrum val ue di vi ded by the nom nal
wre dianeter (%" and also "the ratio of second

kirl8R 5 1Y an‘?éndaéh@é‘ ea\crtnoﬁﬁﬁbfl Reareaof i‘srfﬁeﬂlcﬂgf'%?: d ﬁ?ﬁ@ of @Ifrs fine wire

the s near ipse fromas In
We(r%iormdmen Bmaiéteawmmemmmprplt@ﬁhw pl ot D and E in
Fig. 1 have increased value of "the value of the
di fference of the nmaxi mum val ue and the m ni nrum val ue
Medisviedadsulbyf e reekickdsasfelies dlé%eter :bshowmﬁlo'tﬂng rsgas &5 took in Fig. 6.

L th d

Vorks b fevER SRR et IR B HyGfion i Bpor b §fifun as n
G tdhke i Biga¥i Bt Gi tp Loih Fig.dd cmrrﬂgsp@m) tq plo{ @)tp Lbip Fihe'. ¥Vhege, a deep
sofd Iinées‘l"leﬂg W@%ﬁﬁat@é seﬁﬁ ircieO%hay Eh?feﬁve i Rcfin REMORMe ddiameter

moment ar ea discrim pse wre an
ORSLRPGORAIe UICHES-SEESCRBIPES NBFIgR] Ang.ooe) S vy Shoyes @ 3 circe
sh¥pd athe i df%éﬁﬂﬁh%tﬂﬂ@lt isld trut BRciél nal wire diameter is

25 mcrons, using 12 ki nds of dianond dice (each

nom nal dianmeter is 25 mcrons), 6 kinds of ultra fine )
A aalbsquase shewn fretite centen of baliem Heedepiciep ernter aladregkastion. Itis
cleap fromecnmpdeiasiu pleti Grie duh Fig 6 drldereprelsemtiny itsferowsrsection of plot G to
L th Bie7eK bisd $hemellieolrké Raps hiad corrbRtibn ibatwded. "t value of the
difPERRVET the SRSLLGR FNAPESI o AigdrAlAng dfvﬁﬁldqﬁj the nominal wire

di étgpf]%?%fn%f "tP({% E’eﬁlost?fcéécgﬂd %%&ﬁ%‘%r@a“ I the ‘58 (E\ "l and J of

pojy ggﬁalryyl sh,apevﬁ\éqné "ihe a@lgéof Ccf {ger &R H \’/'\'EP %um valtue and the
migiggyrinplee dividied by the pemiahise @famﬁt?re("/s)eacrea%e$ r bY@ f@io gf second
mefnentefeareatris daw. eands #| wensapuic preBg dbess diat Sherpesing correlation.
Adebglingrtoethe resailtt lof [ExaoipledNb] Hlearsi{Bwample ri2], 6l nseout that ellipse
withane palygbhd WirdrRarbeaRieHifiddgahd @t isi Aot depdndérion especially the
dlf?érét‘&l,ee of theaiShlel %@bf—’ WiROWRieer! Bifh “c@ﬂ&l%ﬂorpf f PRt (ike of the

d|¢érgﬁc Sﬂh%trﬁaﬂmﬁ eﬁuee%d e ?n & %‘EIH 9%{113 dhnde% bf kh%aﬁomlaal wire

represent

diarpeier (% ﬂ‘%a”%?.r%tﬁ Srempdmemet oiavea g 7 K and L

of ellipse wire shape has correl ation bet ween "t he

value of the difference of the nmaxi numvalue and the
[E;@,;ﬁ ?I ue divided by the nomnal wire dianeter

é@ and "the ratio of second monent of area", in the
[0 e of H | and J of polygonal wre shape, even if
Td' theenexg | usingothe tehidndll &ff wire irc ExamptenBo N2l usingnthealvite bander (UTC-

40tOhl9pe) from Shinkawa Co. Ltd., in the air, molten ball (38 microns ball diameter) is
formed at 0.5 msec discharge time, at 45 microns compressed diameter on pure Al pad
of 100 microns square, at predetermined loop conditions (300 microns height, 4 mm
length), when 10,000 times of bonding were carried out, leaning defects shown in Fig.10
occurred.

Result 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".
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m ni mnum val ue divided by the nom nal wire dianeter
(99" increases, "the ratio of second nonent of area”
is low, and it turns out anong these that there is no
correlation. According to the results of [Exanple No.
1] and [Exanple No. 2], it turns out that ellipse

w re and polygonal wire can be identified and it is

Frc{rlm: %pg %ph cgﬂel?aﬁ&?gr 3&@{“;4 ngectd(bﬁﬁr%regfc\ﬁlr and "’rpe value of

cor
the dlﬁefeveﬂ glethefmaximumgyslide pat de einimpe valug ﬁtuﬁﬁwyuer%ﬁlameter

%I"h@ 16W s BI52 V@n"é?atﬂhvdfd'%n% dé?@ctrtﬁmrﬂél of"Mr@)" and "the ratio of

di aneter (9" he rati 6 of second
second é’nom?rg)géﬁfﬁ rq\grg g]rs h’Pb@?Eﬂ 4 di tups qrré;&at |td§ f”rﬁ’@ﬂ)f figtributed
in the khapstsofef stisight ling) [ Exanpl e No. 2], using the wire

bonder (UTC- 400 type) from Shi nkavva Co. Ltd., in the

air, nolten ball (38 mcrons ball dianmeter) is forned
Therefode, 5t isslimitedi toodllipsg sshapersyireathaidBaning rdefest ooryps, eBsield order to

|deﬂhfgﬁfp% %gé’%{l% A{hepr% o Plse Qr?iggigﬂe%%f %Pé%ﬁ i§ aﬁr%dripensab!e

termn conrtrons m crons
corrﬁrtronrengt h), V\/nen 10,000 tines of bonding were carried
out | eani ng defects shown in Fig. 10 occurred Resul t

t d f nb
Nafiely; tastohc e petug o5 5%, giRtae: of dhe B Ry In& sipimum
valde fivizled hyeh@hommel wike disrmaterdba)eis dighet hﬁuaPﬁirkuBTT(oV #I"the ratio of
seéjdn\d!nq&‘ﬂ rkr)[yof a"&e ig]ﬁﬁWeP%Iu%‘fI I[egnir% 85‘%%@{0&0@0'1:0@&9 arﬁch‘ﬁ fact, such
rati o of second nonment of area®. romFig. 8,
ma@VM@ﬁr@hV%mﬁrfeiﬂamtiﬂ@ﬁ- of "l eaning defect (nunber of

wire)" and "the value of the difference of the
maxi mmum val ue and the m ni num val ue di vi ded

Hegee, i tseiot "’(h’)"a t0 predichjpaningydeigct from mea‘fqll@notﬁ% qilg%(ﬁ[l?ﬁg of the
mastizhLes tal(:e and éie inimimheaklueamdded Hiyethé arbhmabﬁvrremér (%)" and it

nt , of e in.Fig it t
s 5t i ot o i, e e b et PR Rdnaiegs Neitig! crawing
diagtandidigetiod. ne. Therefore, it islimted to el l'i pse
shape wire that |eaning def ect occurs, ‘and in order to

identify ellipse shape wire, “the ratio of seco
Nameht Hibebpmes I?abe passiie 1%?'3%@%’1‘93“@% the mﬁthf)d of identifying

thd\ﬁr@ ldyawihd Gléﬁ’ibndtdi@e ¥ad WereOhs hpagérhéeRiNkeofthd Reio of second
m val val ue diVvided

AN Rt 68 AR Aol rES Y AgereDSPL G5+ Kok Beckeais,
andgbondling tdoaditians, dt &f notsesynid dedinerd soifd aalea'of I"Bhel mtierof second

mo\sﬁﬁecrtl i ﬁ‘rtez%a%m @g:gggrﬁg@g t@%@ﬁisr@éﬁi?@ﬁﬂ;cgoﬁ’&deﬁrgn{e%éning defect by

managing less than 1 % of it shown in Fig.9.

- BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

[Fig. 1] Exampie 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 into 16.

[Fig. 4] Schematic diagram for calculating height and width of circumference from radius
r measured evenly dividing wire section.
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Hence, it is not able to predict |eaning defect from

"the value of the difference of the nmaxinmmvalue and

the m ni num val ue divided by the nom nal wre dianeter

(9", and it 1is not able to sort bonding wres.

Moreover, it is not able to manage the final draw ng

di anond dice too. Nanely, it becones to be possible to

manage | eani ng defect by the nethod of identifying

the final drawi ng di anond dice and wire, as managenent
[Fig/ &l @eheynatia andl interpreting diegeonter catsHehing appraxiggte valpg gesecond
moh\%ﬁf‘bf%eéjﬁﬁgﬁghmé%d'vﬂ?e EtBh E&re@taﬂﬁ@buer used, kinds of

ondi ng, .condi ti ons, is not easy to, .

(PG revai il s a1 aRIOBSS | FREOP: PRER! Sb i et e divided
diffefenes efithe mbximamcdinmiethe rof dvitehartd ihe misinpos slidaatert of that by wire
. tral trenme | eaning defect by managing |ess than
diafi &l (A< hown i n Fi g 9. BRIEF DESCRI PTI ON OF THE
[FIORAWGIGS L} 0BAamplpsi ghowl | 30Extmmgsl enkehgess orasiseaeictions Hiqin  actual

i f
e R P, B TG e e o InBE R Rty ity the
cirqpgYferened-vi ded by wire dianeter. [Fig. 2] Ato F:

[Fid-osRERArRSIe SHEWS RihtibhdrRS difBleAtd 6Cth6 FPnume Glahferfah@Ae minimum
di mﬁ"%ual neasu z nt value of only radius direction
1a eéraggé q c{?‘?%endl cularly with the circunference.
[Fid. ) @xarﬁ]ale[ﬁ&tnmbreserﬂ isehtorashavsdieggorstips$ewasd moment of area and
Iea@fnh% prence portion divided into 16. [Fig. 4]
mat1 c di aﬁram for cal cul ati ng hei ght and w dth of
[Figs i 10t Drevéna whish fecked @b ganieg defewéa@mﬁf@@ #vibgicpseipl fogning loop of
boMificEwi€ GbinGiyht 4oveFi 9. 5] Schematic and interpreting
di agram for cal cul ati ng approxi nmate val ue of second
nonment of area approxinmated wire section to
rectangular. [Fig. 6] Exanple shows relationship
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 diameter (Ovality). [Fig. 7] Gto L:
Exanpl es show 30 tinmes enlarged cross-section from
actual neasurenent value of only radius direction
intersecting perpendicularly with the circunference.
[Fig. 8] Exanple shows relationship difference of the
maxi mum di aneter and the m ninmum dianeter and | eani ng
def ect .
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[Fig. 9] Exanple of the present invention shows
rel ati onship second nonent of area and | eaning
defect. [Fig. 10] Drawi ng which | ooked at [ eaning
defect generated in the case of formng | oop of
bonding wwre fromright above. 15 CLAIMS : Wat is
clainmed is : 1. On the process of sorting nethod of
| eani ng defects in bonding wires which bond 3
CLﬂhﬂgnSi onal |y between term nals such as sem conduct or
chi'ps and lead franes. 1) Process of neasuring
di anmeter of bonding wires, which divided inperceptibly
the ]\z\/notlje_ci rcunf erence of the bonding wires before
hﬁ' ﬁa%%%'a? 5’) Process of cal cul ati ng each second nonent
of area by integrating each inperceptible segnment
1. al oQy i pocels & Gbiting methowpoftidemingaddfecti bdhding ineres ahich bond 3

. bondi n wire:. 3). Moreogver rocess of.co ri t he
airfi3ioha bl sihiHs LBk B se SR ik A oA Wi o
1) Wi t Rrddees of measuning dlanestafof bbading adresi| veticrddivided mpegceptibly the
met hod, of bondin LI judgi.ng .l eaning .defect at | oop
f or Wﬁﬂlﬁ cggurg%ﬁ%]c%é%ue%odd@g%Be%obgﬁors)l?o H89sequenti al
2) sor Prowgspraic esisulatings ieath ngecohd alomentTeitareaetly iRtegfting each
of sor

bon BT PSS B ETS Or e RBHST B T35 ek dhter of bonding

termraal s such as sem conductor chips and |ead franes.
) 2 SRPGFAT B SR Bl s PR, i oment o

of alea dadnuthtexhwith the rbienoure valoa of tf?rgt célc)ul&te«tt).c esst of

. t r inteqrati . o

sofifa et B TG FRBr STy oo Bob MsMisloebiheing vire i
bonddduey tbé seiuamtislesorioig drocess rgnsisting; of aBpvaPmentm®rdof

cal cul ating the maxi num val ue of dianeter at the said

circunference and the mini rum val ue of that fromthe
2. meaSurtbe praksesf, soding rhétbodrakieaming defebiue bohdisg edred which bond 3

B PRl S SBroboRe Bt aB

1) t haProcéps Bf meassing Wiarsdterudf dondigg diiref whieh dividat] imperceptibly the
e TR B Bl o e

2) t he Psmeendof naaheitetingf eackeasesuthdt meomenti fimancal ustegfating each
t ha‘n;iperceptibly part along is direction using the value of diameter of bonding wire;

3) Process of calculating the maximum value of diameter at the said circumference
and the minimum value of that from the measured values, and the maximum
value of second moment of area of which each divided axis direction at the said
circumference part and the minimum value of that;

4) Process of calculating difference of the maximum value of wire diameter and the
minimum value of that and difference of the maximum value of the second
moment of area and the minimum value of that;

5) Moreover, process of comparing the difference of the maximum value of diamefer
calculated with minimum value of that as plotting x-coordinates, and the difference
of the maximum value of second moment of area and minimum value of that as
plotting y-coordinates.
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5) Moreover, process of conparing the difference of

t he maxi num val ue of dianeter calculated with m ni num

val ue of that as plotting x-coordinates, and the

di fference of the maxi num val ue of second nonent of

area and m ni num val ue of that as plotting

y-coordinates. 16 Sorting method of bonding wre,

f [

sd @ggog%gﬂbﬁbﬁneqd\giégﬁﬁq@ga{e%ﬂ deeQI &9% e@@%@g a@%o :hg wire
is boncwﬁld:yeihereequeoh@@ortmg rBogesh ngnsnﬁmbmﬂ abtﬁvebmnhqmgd Wire,

wherein said in claiml and/or claim2, featured to

eval uate conparing the nmaxi num val ue said second
3.nomenrting nzatleed wi thonding ewine,nvheneiny adideinoélaith dt abgrot telaim 2,

%0 0 y -

fedfBledoRvah B RimPil the M B vall sER SoBoft ol pl area win
the yninimeimeadiienoitied | bhyetherratih of setandnmomeal oieared, wligh is divided

AR R, R vale ShA T hfih i afle RS hRoti Seug o the
migisnng galdeict or chi ps and Iead frames. 1) Process of
nmeasuring wire di aneter of divided circunference,

whi ch divided inperceptibly the whole circunference
4.0f tOr ranagemgnivmethagfl ok diadicadotice derckondingawiragwhigh bonds 3
d;rﬁéﬁﬁ&%ﬁ}/ BLweah &i}ghﬁ%isrb%cﬁ a5 'Qeﬁﬁ]%‘é&ﬁlﬂ:u{%ﬁﬁg bn@lealGfhes.
tegrating each "I nperceptible part afong i's
1)di rdaloceﬂs ofsinpgsuring wied diametengfr dvidedioiscumnferede, which divided

Mor elﬁ\l)gfceaﬁ’tf ngfh%s\ﬁh(ﬁ cﬁ&fm@Fén%P o'i‘ tﬂ‘?e E%?HW%/ aiffé? d%fmond dice

t he secon area cal cul at he m ni
val ud#rawingt hat . Managenent met hod of beari ng part of

di , . e

2)b'oﬁgi5’r'§geé\%; :E)Z E@ﬂ?%hrlﬁa S‘%F‘f‘ ?%/ectog@ bfg{oﬂﬁégt e@‘a‘ﬁfr&g |ﬂ{egratlng each
abovispeeeplije part sloggdmdirestion nanag‘amme cpfwa@ed;@ne@r n

o AR ST S AP I hfiub iai B2 B BRebAE oment of
semaemehlataied with e mimmireydluprcthed. 1) Process of

e e
baxiding afitee r widtianauaditydite ebalrjadgasy by2 fhePraore-snegtioned  sequential
%ﬁég%%ﬂh‘% gsach second nonment of area in the said

irectio Integrating each inperceptible part along
is direction using the nmeasured value of wre

5.di angf, %énagement 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 in the said direction,
integrating each imperceptible part along is direction using the measured value
of wire diameter;

3) Process of calculating the maximum value of wire diameter and the minimum
value of that and the maximum value of second moment of area and the
minimum value of that at the said circumference part from those measured
values;

4) Process of calculating difference of the maximum value of wire diameter and

the minimum value of that and difference of the maximum value of the second
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3) Process of calculating the maxi numvalue of wire
di anmeter and the mnimum value of that and the
- maxi mum val ue of second nonent of area and the
m ni mrum val ue of that at the said circunference part
fromthose neasured values; 4) Process of calcul ating
di fference of the maxi nrum val ue of wire di aneter and
the AbbAMLIA 4R (O mhlfiAlmPRilirihar ence of the
maxi num val ue o e second 17 nonent of area and the
S)mi niMerapvel Rrecess th:ampasr)\g wilh dBigeance pf diegvexigum value and the
COMghiniten %lhé‘ f'Mré%E & S pibfiR Q&Fbr‘iﬁw{éle‘é%}ﬂ&dm‘@%n&@%f the
m ni num val ue o aneter as plotting
X- caa@ximpmt wlue and the fmlem@me/abre efhibe segendnmarentuef area as
and | ue of the second nmonent of area as
dotfind.Bodales.

pl ot't I nat es. Managenent net hod of bearing
M@nﬁgten@ﬂt arethod ofl badiing past pediamend tige to he uspwfor the fogltjawing,
H%ghg'lﬂy apabhdi %re@%bnﬁ)o% Ten¥ndd §equential énanagement
nt one sequenti managenment process. 6.
Prwagemsnt nmet hod of di anond dice for bonding wre,
featured wherein said in claim4 and/or claimb5,

eval uating the ratio of second noment of area, which '
6.i s d¥ianagement atreghodne eligronchdicenfori handingavites featdrediwherein said

in\'c}]g ARUMAL R @yev%\mgtu?y%b A ek d‘?ﬁorﬁ%}ﬁ of 5‘1‘ i YRAER | L is divided

ue, as CO ari n maxi nmum va ue Sal sec
defieyarge of dhe maéla!um yaue ankthei minfumvalugebothe tamum galue or the

minimum value, as comparing the maximum value of said second moment of area with
the minimum value of that.
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