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BONDI NG W RE AND | NTEGRATED Cl RCUI T DEVI CE USI NG THE

SAME [ TECHNI CAL FI ELD] The present invention rel ates

to a bonding wire for 5 connecting el ectrodes on an
integrated circuit device (1Cs, LSIs, transistors,

and the like.) to conductive wires on a circuit

W ring substrates (lead franes, ceram c substrates,

printed circuit boards, and the like), and al so

r BONRDING WIREh ANR G TRGRATED GARCWEY i REVIEE s e T HE SAME
bondi ng wire. 10 [ BACKGROUND ART] A ball bonding

nmet hod that uses bonding wires is enployed as a

I GAMIgFting an integrated circuit device to

THECH i, 3% ¥ hoard. 15 The bal | bonding met hod is
a comMMhley pRledehitCAdveRtAeRs 1R tdy alb tdhediwiny wire for
bondi ng wire being guided by a novable capillary
(dommeicriinice re 1ead Hrrdid sheod’ ondimmpdredidd cimcwkt tdevibye (ICs,
an electric discharge between it and an el ectrode
LSleh tiFamGimtensal [ansh thmtlidif,) e FoMHHEH {Hevings on a
bal | i.s pressed aqainst, a first.  bondi ng point o farm
SISO SRR LA (RS WHTIT e SO B0 Pt mates

Fifted I%?LI%QJ_}&' MY, ishd" [ Sead PANdidihtes to

olnt to form a connection in |like manner (but this
tdnTe r pldt dd didicuiftora@d)ce Afdialg theck annesid iy iwire.
made, the bonding tool is 25 lifted up, and the wire

is pulled by clanps to cut off the wre. If the first
bondi_n oint is on an electrode on an integrated
&QAQEéﬁ d®Tnd the second bonding point is

A ball bonding method that uses bonding wires is
employed as a method for connecting an integrated circuit
device to a circuit wiring board.

The ball bonding method is a commonly practiced
process in which the end of a bonding wire being guided by
a movable capillary (hereinafter called the "bonding tool")}
is melted by an electric discharge between it and an
electrode torch to form a ball on that end, after which the
ball is pressed against a first bonding point to form a
ball bond thereon, and then, while feeding out the wire,
the bonding tool is moved to a second bonding point to form
a connection in like manner (but this time a ball is not
formed). After the connection is made, the bonding tool is
lifted up, and the wire is pulled by clamps to cut off the
wire.

If the first bonding point is on an electrode on an

integrated circuit device and the second bonding point is
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on an electrode on a circuit wiring board, or if the

first bonding point is on an electrode on a circuit

Wi ring board and the second bonding point is on an

el ectrode on an integrated circuit device, the

el ectrode on the integrated 5 circuit device and the

el ectrode on the circuit wiring board are

electrically connected. So far, gold has been used as _.
tHe ek r9dn ohehdFHEE W F LT HRE RPFER, F Fif sthe first

xpensi ve, bandj ng wires . made of |inexpensive copper

CEBHHS g B Febes beade 1P dovel Bpdtt haing board
. C o o di & f . .

TR R kR e Rate o A et o o

capfefrdedli dig- o T sddavée | hehréebéerdodd adn t fite Winiegrated

is not suitable for |ong-term storage because the

wi irecwsidy fdeoel ceeawid ythoxi el eetrodedon hehte oxd vie i brwiring

proceeds due to heat_ 15 conduction fromthe substrate

g?ﬂqd‘?ﬁjg % erﬂmwgqa%\émw@ct%- a degradation of
! UL g 5 o
ond ng_;ég%fl éolda%aansesoe eénﬁh?snegd)% etq'ienegxﬁa'féﬂpﬂfaféxon

No. 62- oposes a uses copper

FBoddihd WfredBIKIE dindd tdbide: £ M EHEOM L, WobRafng wires
noble netal or a 20 corrosion resistant netal, such as

geddt of |MsExpgrisivawnppeal { aspper bhoodiehg whbas) , have been
chromium or titanium It is clainmed that such a

sterih ped v one Suds koptiRg el thaks GbFAlewedi ngowi eample,
I e S LRI AA%0S, s o2
S GRS IS o8y HRYBEAS NGO B0 1€ 1o
farietbaldor L&l tert etorage because the wire surface
easily oxidizes, and that oxidation proceeds due to heat
conduction from the substrate during the bonding, resulting
in a degradation of bonding quality.

Japanese Laid-open Patent Publication No. 62-97360
proposes a bonding wire that uses copper as the core
material, with the core coated with a noble metal or a
corrosion resistant metal, such as gold, silver, platinum,
palladium, nickel, cobalt, chromium, or titanium. It is
claimed that such a bonding wire is less expensive than
gold bonding wire and yet is capable of forming good bonds
free from surface oxidation.

The present inventors have found that the copper
bonding wire coated with gold or the like has the problem

that, when the diameter of the formed ball is small, the

ball shape does not become a true spherical shape bhut
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bal | shape does not becone a true spherical shape but
becones a spear-1li ke shape, and al so the probl emthat
the reproducibility of the ball shape is unstable and
the bond reliability decreases. To solve these

probl ens, the present inventors have proposed a
bonding wire 5 characterized in that an oxidation

resi stant nmetal having a higher nelting point than

dopperes & (spsRasl ke dwepe ngand agkso Hhel w\obh%ﬁl that the
elon atlon per unit cross sectional, area

LAY o oF 2 P ?M%/Woﬁ)un%@ﬁ «and the bond
coaeln"df’ S o P o TG R e, RN e ©

diadsehdi fx{@ér?tfﬁrMé\}‘e | @;?oééd P4 OybRi@Lng b@iween the

coating layer and the core for such purposes as
hesrerd tiengi e riadathan ai dhidat bdén noesds tdnbnmebah having a
formng the coating layer by plating, and enhancing
it o mells g \iRein t HO &b LOPRET aleruse@d apetRprecating
(,PCT/JP 03/0349 Furthernore, the prese I nvent or

A2 10 (i gt DTOSHARR ebrBOLE BTYS yo PG Lonal

R N W I PR15 MRS BoCYRARE (WA ) dAMAA TR ef | a

an copper and coate a mnet al ferent

t 0 t hatrhes g-edertha BT ods MW idlso Asrdbd®sdll 4 , copper
has been found that, for such bonding wres also,

wheard iriye wietd iowptped Mitte pabl adbam ngr tlaﬁ;'elikts I ower
than that of the core material, the bal]l] is forne

é"?df@a?tqrrwee%warpethaamcﬁ ket eFRnbene t iy FRYRY bF F Pragidea
%ﬁ tl n erGOIantJr.]nlp? r trhaanné. h@l'tle o(fJOJIf%e%g?rSu?]ﬁepurposes as

erl ht™ Can occur ween

%ﬁﬁw%hﬂgnérﬁédﬁédhﬁﬁwh s REN it Phgt &1 RELbn when forming
the coating layer by plating, and enhancing adhesion
between the coating layer and the core (PCT/JP 03/03492).

Furthermore, the present inventors have also
investigated ball shape reproducibility for bonding wires
whose cores are formed from a material other than copper
and coated with a metal different to that used as the core
material. As a result, it has been found that, for such
bonding wires also, when the melting point of the coating
layer is lower than that of the core material, the ball is
formed in a spear-like shape, and when the melting point of
the coating layer is higher than that of the core material,
a displacement can occur between the center of the wire and
the center of the ball.

In the case of the copper bonding wire, the ball

shape becomes stable when an oxidation resistant metal
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In the case of the copper bonding wire, the bal

shape becones stabl e when an oxidation resistant netal
having a higher nelting point than copper is used as

the coating |layer, and the elongation per unit cross
sectional area of wire is 0.02 1% PM2 or greater
However, when a copper bonding w re having an

el ongation of 0.02 % PM2 or 5 greater is produced,
thestriad o drighdre mrbblianRaknt tHean feerRRm b$ used as the
producti on process_decreases for such reasons

ORI AR 1 AP (5 RS A R R GRILL | Grogs sectional
| | , brRff g :
daelséa{ ek tv}zg_—a:.i[olrloé’ "ﬂ-ﬁop%‘l%{‘%ﬁh%’%'a%fm rﬁo&@?lelrt, g‘%en a

excel I'en S regardl ess o

Aot idhdih ¢ hplae tidv sl d Can Wirdh dhei ghoye- 0po2 i oned® or
copper bonding wire is used, the reproducibility of
tdrediald ishapeodicdd | i tdesramcdlmes tomdoreblehi thay the

i nproves, but according to a further investigation

dorehiame @ PTG ke M eRaNt ST Fefi ko sSpeRpreasons as

found that the copper bondi ng wiire tends .to i,ncur_ the .

drgt el g Rl ottt s " ReB oo e, d e ¥s1rea
Fﬁnﬁyl i | t 5HE§ 5 SEy ) '

E&g ri eldi%\n?at hccsrj‘gé%ebnce t%&gl%% Zﬁsﬂ‘%( g&é a%c%iénp%all

R & 415l 100 15 heddd 1 @1 o 806 B B oyl svggd tiBopr ocess

20 fromthe second bonding to the formati on of a bal

fadratdutemiggtidond. As nmenti oned above, after the

bonding wire 2 is connected to the mﬁriqgasubstrate 3

at the m@qxﬂﬂﬂjﬁjmﬁﬂﬁyﬂnqp(ngﬁﬁgaQR 5qgtvk;e is used,
ARl Sy |G e B0, iod! FURS: 58 g ene
AP SNh S1 {7 Sifptordd | Aut hecSeE@NEY bR A NPurther
investigation conducted by the present inventors, it has
been found that the copper bonding wire tends to incur the
short tail or no-stick defects described hereinafter.

The short tail defect and the no-stick defect will be
described with reference to Figures 1, 2, and 3.

Figure 2 is a schematic diagram showing the process
from the second bonding to the formation of a ball for the
next bond. As mentioned above, after the bonding wire 2 is
connected to the wiring substrate 3 at the second bonding
point 1 (Figure 2(a)), the bonding tool 5 is lifted up and
the clamps 4 are closed; here, the bonding wire 2 is pulled
by the clamps and is thus cut off at the second bonding
point 1 (Figure 2(b)). Since the bonding tool 5 is being
lifted up when the bonding wire 2 is cut, a prescribed

length of bonding wire (tail 6) remains extending from the
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point 1 (Figure 2(b)). Since the bonding tool 5 is
being lifted up when the bonding wire 2 is cut, a
prescribed length of bonding wire (tail 6) renmins
extending fromthe end of the bonding tool 5 after the
cutting, and a new ball 7 for the next ball bond is
formed at the end of the tail 6 by an electric

di scharge between it and the el ectrode torch 8

emidg e thecJpondingovimeey |5 &f taovihe e e 3an¢fatfrew ball
o e (i 5o B o et (A ataghet A e 85 ) e tail 6
ﬁa%a'éle%ﬁ?&ce'&%a{f@?é%&p @faﬁa‘etlp@@ié@tf@&é torch

ecomes short, or ornmed (Figure

3 PPLguresYtdyng in an |nab|I|ty to form10 the ball 7
for the next ball bond or in the formation of a bal

snal | eHowleanert, ha@ss phowhi do $ligurerd,s ideftdsy bonddngywire 2
as the short tail defect. The no-stick defect is the

det é‘é’fjt iof fuefiene vl hapding Rt % oifﬁreldi%‘iﬁ%gpth% a

15 f
tsrﬁ(é%g:d:r‘}g:leﬁgl %gsgq.g‘-h Qt/éf"]lleq%eﬂ U n)e)c,t4| % %née:a‘?%r% :[ng from
e CORNGA 14Nk BREHRETY 240D Nbcdthds ﬁ%’r@ Wi i A tail 6

is made by formng the bonds by

app | pEM@EP eI asn(cbm I resan cireneigyar2O0inability to form
simul taneously. To acconplish a good connection, the
tihter dsddi I fvar dihe gressisibal ) deend 2 ithethe KeorRatigr of a

controlled within a SU|tabIe rang hon
BT L AR WRRWARRCLE 160 AR n o STRasTt 5 Known
?ﬁg?ﬁ%ﬁéﬁortré&fﬁlé&f&é%‘ there ari ses the probl em

The no-stick defect is the defect in which a bond is
not well formed during the second bonding and the
connection comes off after the bonding, as shown in Figure
"

As mentioned above, the connection between a bonding
wire and a wiring substrate or the like is made by forming
the bonds by applyving pressure and ultrasonic energy
simultaneously. To accomplish a good connection, the
ultrasonic energy, pressing load, and the like must be
controlled within a suitable range (good bonding condition
range). However, if a bonding wire having a high defect
rate is used, there arises the problem that the good
bonding condition range is narrow, making condition control
difficult when implementing the ball bonding method.

Further, in the case of a bonding wire having a high

no-stick or short tail defect rate, even if the conditions
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25 bonding condition range is narrow, nmaking condition
control difficult when inplenenting the ball bonding
nmet hod. Further, in the case of a bonding wi re having
a high no-stick or short tail defect rate, even if the
conditions are controlled wthin the good bondi ng
condition range, the nunber of tines the bonding can

be performed in succession decreases because of the
@asuraaaiee e d (it hiiet ddies . 9ord randiy , cordikiorsyarge. the

SRR e ISP e GEPEH T A R PRI afggession
| Céé'-lrjecf{]soégstﬂ C&é-%eoﬁﬁwrghé %éc%&%é'of%uéﬁ‘edefects .

pro 1'0n 0 ing wre ose core Is coated
WddbrAGRANY Ndid aeraddiedretdl adiayvidyy & dogher bonding wire
nmelting point than the core material as previously 10

dascrd hedre prefamgiised metod ¢85 cogpeayecdand wihich des not
thick layer of netal is fornmed as a coating |ayer by
dagilppingynporsige getshrrbontail Hiekewkte f or ned

from e re material, t cQated wire the i n .
i awn 0% R RS s b TRUS (R el (a7 19
ﬁc@d@frwi AT d AVElg ITUFNESS - 2 Ther £OMAPALH 08 Righer
plating and wmre JPamnng provi des excellent results

iMe €I gdinidfdnrithe dord etewessl aasl oot dunesy of
the surface; furthernore, since the nmethod ensures

g ridiest) @rdfEnaely thanethed hmtempboyeddinhghich a thick
coating layer, this nmethod can alleviate 20 the

prvfiteRfomatl bohd IS oM P eI bgga Wen

AR OLIA L |6 P Y SRl L FG AL coon
qenerdltey material, the coated wire then being drawn a
plurality of times to obtain the desired wire diameter and
layer thickness. The combination of plating and wire
drawing provides excellent results in terms of uniformity
in thickness and smoothness of the surface; furthermore,
since the method ensures good adhesion between the core
material and the coating layer, this method can alleviate
the problem of the bonding tool becoming clogged with
flakes coming off the coating layer or the different metal
layer.

However, a high melting point metal is generally
difficult to draw, and it is pointed ocut that the method
having the above-described excellent features still has the
following problems 1 to 4, on which improvements are
needed.

1. Compared with gold, the fregquency of occurrence of
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difficult to draw, and it is pointed out that the

nmet hod 25 having the above-descri bed excel | ent
features still has the following problenms 1 to 4, on
whi ch i nprovenents are needed. 1. Conpared with gold,
the frequency of occurrence of wire breaks is high,
and the yield is low 2. Wre draw ng dies easily
wear, and the life of the dies is short. 3. Wile the

puss Hindaks dis dugh n@ndyidre & rlam $Halewn is

reduced, there js still_the possibilit t hat, .t he |

coat i nd-| W ARADRG [GHaS, FASKY 92Ty DR TRPE the
fﬁ?&g £J1 ﬁg}fpating | ayer during the wire drawi ng. 4.

e dirameter of the drawn wire may vary along the
| engt h 3t heyigafe 19fe P GMASSHSEGH Wit shppeyir t he
drawmn 10 wire may deviate fromthe true round shape.
e gqoriotd teiron i sancedideshd therercieasiesl] ntipe cpleesibhlity
cost, while the problens 3 and 4 cause degradati on of

Bdadti tde ingatcing i aves aerRanatiaely fHekerobf o gqracking

to 4 allgd the d i1t blens”). 15
RS AR T e AR Gy g B P deading.

present, | RNty QP Ik Qh]-é%ﬂﬂq,}i% Wdf Jd¥} along the
conprises a core and a coating layer forned on'the

Qe Nt Hddohasoe xaed | @ds Haddcsivmel 2éhspabot i tye drawn
and in particular, a bonding wire wherein a

ciigme aneaneldvidoes froum ey | yree creun@t SkeaPe t he cent er

of the wire and the center of the ball. ) ,
The problems 1 and 2 lead to increases in production
cost, while the problems 3 and 4 cause degradation of
bonding characteristics (Hereinafter, the problems 1 to 4

are called the "poor drawability problems").

[DISCLOSURE OF THE INVENTION]

It is an object of the present invention to provide a
bonding wire that comprises a core and a coating layer
formed on the core and that has excellent ball shape
stability, and in particular, a bonding wire wherein a
displacement does not easily occur between the center of
the wire and the center of the ball.

It is another object of the present invention to
provide a bonding wire that comprises a core composed
mainly of copper and a coating layer formed on the core,
and that has excellent ball shape stability and does not
easily incur a short tail defect, in particular, a no-stick

defect.
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It is another object of the present invention to
provide a bonding wire that conprises a core conposed
25 mainly of copper and a coating |layer formed on the
core, and that has excellent ball shape stability and
does not easily incur a short tail defect, in
particular, a no-stick defect. It is a further object

of the present invention to provide a bonding wire
t hat cdrpdiss@s farddem mplegterot fhardrasitihel i ion to

tn“réﬁf"%”?qqf@ T et Sonte Sag o ot L yaver
%gqeas ofnf cocr!qé hetl‘?é)o%c?afjﬁ? ri PO n G AYEDI LE LY metal
pro al so an obj ect e present

IHaMAHd @D H he@cIr Qe 1k61 £ pdlirﬁtgrt'ﬂeﬁﬂ hd Ctbte d¥i€Lial, and
that is produced by using such a bonding wire. 10

[t¥emsio direSolfuong thee @b eiedcrisbed rpset tdpdwalpility
i nvestigation, the present inventor has found that if
tH%-”@t\rl@t"tsablllty with the material of the coating

'n&yte e T Lo g ot h TReql e Mo P A e, 0
cgz%.del‘régf qﬁt@gﬂ%ﬁ%ﬁ i i COU POl thde P&l produced by
ace r

com ng omthe center of the wre does

i rRpdHdch (H:Qjﬂndlﬂg’:ltw1ﬁ-§_, the inventor has found
that a bonding wire having excellent ball shape

diMetsins t@omaﬂvlbeiltmtﬁimel?:rcml&mfe] core material and

t he coatlng material_that satisfy the 20 foll ow X
condi t ASn& FESAHE OF Atk &S actdr?d’r'naﬁrf%rPr%"'rF'dgt Hfgventor

onarg)lfeotlﬁ'lqi tﬁeatpriefseﬂ'ﬁe 'Mﬁgﬂﬂi{; 'v&f{h aﬁ?@%&t@.@fﬂl of the

coating layer (coating material) when the core material is
melted is poor, that is, if the wet contact angle is large,
the problem of the center of the ball becoming displaced
from the center of the wire does not easily occur. That
is, the inventor has found that a bonding wire having
excellent ball shape stability can be obtained if the core
material and the coating material that satisfy the
following conditions 1) and 2) are used in combination, and
has completed the present invention (first aspect) based on
this finding.

1) The melting point of the coating material is
higher than that of the core material.

2) The wet contact angle with the coating layer when
the core material is melted is not smaller than 20 degrees.

As the first aspect of the present invention, there

is provided a bonding wire comprising a core and a coating
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this finding. 1) The nelting point of the coating

material is higher than that of the core material. 25

2) The wet contact angle with the coating | ayer when

the core material is nelted is not smaller than 20

degrees. As the first aspect of the present

invention, there is provided a bonding wire conprising

a core and a coating layer formed on the core, wherein
tleyesndidmed arertlies cdug nothdrem athvetepahbng nhpger is

hi gher_nelting point than the core, and the wet

Eormed LERP & et Maed iRy TR DY HROTRT cthan the
nelted js t I : T

e hgte Wih (ntaih fraf EHT, pie Whatfha Layer when

ld @b AL d1kdd1e £ HY BGEmAN L ¥ Fo | dPreds. the

core material nounted on the coating material is
conpl etmeley wal toeth Hayctheaigleg wictla thenparatine Iayderwhen the
than the nelting point of the core material. Mre
spucs ficalglted refens thethomerntagh@rohe deuerqd@ whepp of
the tenperature was raised at, . a rate of 50*C/ minute

& Eaf s

diha FHF H AT YRS Phathe HeCT e it te

RS A B B RedEth g T EOmSBL Aol g SRR than
dhd hfel@ldg igoald Bednd tdotdansent £41 0f Mdi® Wgerifiically,
shown in Figure I (a), but when the angle is snaller

titanis 2thelegrdesst tdreg bz measwied hehéral the ehespepabere was
di splaced fromthe center of the wire as shown |

magfied Fip)a Tt f iy ¢y raRIat? of RPiRbH0 C higher
{@%}iﬁ%t{eieﬁiy(%r?é%oraltnulpearéii: Cw%féh e ncépg rﬁg{]éﬁfél aﬂ% ebegun
to melt.

When this contact angle is 20 degrees or larger, the
center of the ball is aligned with the center of the wire
as shown in Figure 1(a), but when the angle is smaller than
20 degrees, the center of the ball tends to be displaced
from the center of the wire as shown in Figure 2{(b),
resulting in a degradation of bond reliability.

In particular, when the contact angle is smaller than
10 degrees, the ball cannot maintain its spherical shape
but is formed in such a shape as to rise along one side of
the wire, as shown in Figure 1(c). On the other hand, when
the contact angle is 30 degree or larger, a more favorable
result can be obtained.

After investigating the correlation between every
physical property of the wire and its effect on the short

tail defect, the present inventor has found that the degree
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10 degrees, the ball cannot maintain its spherica
shape but is forned in such a shape as to rise al ong
one side of the wire, as shown in Figure I (c) . On
the other hand, when the contact angle is 30 degree
or larger, a nore favorable 25 result can be
obt ai ned. After investigating the correlation between
every physical property of the wire and its effect on

e BHGENY toff | thfefhandinthovigie sgrga i et tRCHast®®und

that the d f ling of the bondi i |
PR i e AP0 YA G e
gfeé%ﬁreeeé/"gbfqu&n%%lirfbegirseea YPr&dlih it | fefrdd G3C dbSher, (that

er, (that” 1s, curvature radius of the
G| ididadie @S idede attingrid aflgerpreédtibed
possibility of occurrence of the short tail defect
cavads e tlargdmy.el the gosodsl oty cafliseccurpenes | ¢hl the
probl em Thus, the inventor has conpleted the  present

ishpdit itei Y dfart A9FdsHasRl dnleres FhabidRes Bpk cause
prescri.hed degr of cyrling here refers %g_t “&h
AU T P dA T hPRor it O BRRY Jasmioiged the
s NGNGB I dh | GdB8ih e f hddsa &8 tobeE NGatng.
horizontal surface, and is cut at a point 15 cm above
e pprdanbdduedmie dHpurlhaig ilserasrdferseconthe
aspect of the present 15 invention, there is provided
womdiure wiadl womf i diefarmedrare dpore B ravnl ywgn the
copper and a coating |ayer forned on‘%he care

N9 He ot i B i Foriet $AOnT AR Rt on
r%ﬁ:i'sztoem:tal dﬁl Jl?eVi th J.I'Eg.ﬂf{ A@L&I#@lrpplﬁ crhhz%‘ove the
Phelbore, an @%eréin ﬁﬁen the bonding wire 1 s hung
end and thus let drop.

That is, as the seccond aspect of the present
invention, there is provided a bonding wire comprising a
core composed mainly of copper and a coating layer formed
on the core, wherein the coating layer is formed from an
oxidation resistant metal having a higher melting point
than the core, and wherein when the bonding wire is hung
down with its end touching a horizontal surface, and is cut
at a point 15 cm above the end and thus let drop onto the
horizontal surface, the curvature radius of the formed arc
(hereinafter called the curvature radius) is 35 mm or
larger. Specifically, the curvature radius is determined
based on the curvature radius of the arc that is formed by

a total of three points consisting of a midpoint of the

length of wire thus let drop and points located 3 cm before

and after the midpoint.
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20 down with its end touching a horizontal surface,
and is cut at a point 15 cm above the end and thus

| et drop onto the horizontal surface, the curvature
radius of the formed arc (hereinafter called the
curvature radius) is 35 mmor larger. Specifically,
the curvature radius is determ ned 25 based on the
curvature radius of the arc that is formed by a tota

of t hr E&esoimabs Yooridies tshey toftad lnidgfstqit sicyte when the

SEThE U UGS (e TRUJORR Lot R0l SECT TS SHTE the
tﬁq_J:'Llcth%fnle%etQ?e Stﬂ@%x{?%nf?&[feilﬁ{ef%ﬁf@&@fof hehe

wire i's large, because then t riction between the

Wiy ddif i ierasgs fane e tiehs o diagsé Dby i She

| arge and the tension caused by the 5 frictional force

virdre i ddorfth gy twicdn i the idareding teol appl 1 btited upels

wire which thus breaks. It is considered_that since

ERPIdGshdio B v el Hite BTQANE t hait tife cgsifered
nding wre, the curlin f the deqgree t

I Halid, fing oo S dipd HEEE P il G cefh ene

| - t i E@§eeOT thie would not

cggggﬁrﬁcggi:llg}gﬁgﬂvﬁ'e Elg%ccauseﬁﬁeé?rtit'lg?i onis large as

defitdd kedahoy ecai Thasmdot ein i thé sgelbdi bendimg i wireabeads to

the curvature radius (the curvature radius) in order

teo shaduc ecaife dhitpat imithelctaze oftthefcepreropprding wire
bondi ng wi. re. The curvature 15 ragdius var

A ih e et erl 9% RS %%r}%ﬁ AW er
whi ch ﬁ%ﬁ%@eng i\bé rigsng?e?.ﬁelsed tﬂ:ﬁ JEIE.’QI%A fﬂ{é:ecur ature

applie e W re, e Wwre entrance/exit angles
e upndifes Sorreehiy H4@i v ) eienéedénotd heed@td ethe short

and exiting

tail defect rate of the copper bonding wire. The curvature
radius varies depending on the diameter of the guide roller
over which the bonding wire passes, the tensile force
applied to the wire, and the wire entrance/exit angles (the
angles formed by the wire entering the roller and exiting
the roller) during the production process of the bonding
wire, and also on the diameter of the spool and the winding
tension when the wire is shipped or stored. However, since
the bonding wire passing over the guide roller is
inevitably formed in a curled shape, it is not possible to
obtain a bonding wire free from curling. Furthermore, if a
bonding wire with reduced degree of curling (that is,
increased curvature radius) is to be obtained, the diameter
of the guide roller must be increased and/or the tensile

force must be reduced, and it is therefore difficult to
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the roller) during the production process of the
bonding 20 wire, and al so on the dianeter of the spoo
and the winding tension when the wire is shipped or
stored. However, since the bonding w re passing over
the guide roller is inevitably forned in a curled
shape, it is not possible to obtain a bonding wire
free fromcurling. Furthernore, if a 25 bonding wire
wirtiaime dudsh oy eulngf vl iany qtrameky snapkl deggee of
curvature radius) is to be obtained, the dianmeter of
& Igdide rol I er nust be increased and/or the tensile

force WHal he et Ghbertdt Had TR A dd 1o tas the

to obtain bonding wre wth an extrenely sma

degret e UG s TP PSR N VENEGETr Nashd bdeurrence of
that, as long as the curvature radius is nmade 35 mm

dthd atgart, tdid azdieatencan die pravenishbrio tai deged¢ecthat
can be prevented to a degree that does not becone a
glosts eyt estons i ProHeTe 1% Pradieked or FRFS Aded to

increase the dianeter of the qguide oller or reduce .
(TR 0 AR Y TR Y o 1hch paEtef jf CEHE Sgusae

re. rad t ; .
HIE S, [ JAlEE Lol B IR Y tncrease
el usidvait e iEnis 85 aweldlgs tde Betrget | tiawf35 mm; this

production conditions thereof. Mre preferably, the
digaddtitrat gsadihes desidh mff drondim@gerireproduct pon gpquipment
i nvestigating the correl ati on between 15 q¥gg¥ th £
Gy Sedat 35t tSPIFCHIRN i PTRRPFELORIFRIL O Rt RETeOL
no- sti %r%n%{se{k%{rtabtl | tgleef e&}rs\rattﬁﬂ% H{aﬁfﬁﬁg 1 VAL or

has foun at the Vi‘eld stréng 0 e bonding wre
|Iarger.

Further, after investigating the correlation between
every physical property of the wire and its effect on the
no-stick and short tail defects, the present inventor has
found that the yield strength of the bonding wire is
closely related to the occurrence of the short tail defect
and, in particular, to the occurrence of the no-stick
defect, and that the frequency of occurrence of the no-
stick defect can be reduced by setting the 0.2% yield
strength to a value not greater than a prescribed value.
The inventors have completed the present invention (third
aspect) based on this finding.

That is, as the third aspect of the present
invention, there is provided a bonding wire comprising a

core composed mainly of copper and a coating layer formed

on the core, wherein the ccating layer is formed from an
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closely related to the occurrence of the short tai
defect and, in particular, to the occurrence of the
no-stick 20 defect, and that the frequency of

occurrence of the no- stick defect can be reduced by
setting the 0.2%vyield strength to a val ue not

greater than a prescribed value. The inventors have
conpl eted the present invention (third aspect) based
@xitdutsidr noimiget B8 Tiesltal Sawing e hidher aepktingfpoint
the present invention, there is prOV|ded a bondi

\Mhraél ?‘dwprcli&tgqqq,g apd C‘m%r%’d'hﬁ%oo %%?égtlgnﬁs not
a i a n.the c rei
aﬁd" qﬁ‘iﬁé{e({ s“%r E@gfd"‘?@r ERta R gJ(fgt\gllon rtglsﬂtnsfoan

zhavi ng a higher nelting point than the core,
%hereln the 0.2%vyield strength is not snmaller
than 0. 1hEd poNb iR Walle RE tgieeahidsdritanizekfial oV iPM.
5 The bonding wire of the present invention is
ezt e izl idm thhat tihe 0 2% Wid Il ssveength | J'ss et
smal | er than 0,115 nN /PM2 _but not greater .than %ﬁ%
A lggr t44ﬂ69 %#ﬁa%ﬂ@ﬂ%y@@ﬁdn§ﬁréﬁ et tef % &

at cauges,a, a 0 n
FOUARTs 108henolas o TN, I oP rangEhCERRR LR £ el s trens
MHatO¢URds & o1 A Cbm%mai@fb riffielod Wendongi Dgadi 1€
whose 0.2% vyield strength is not smaller than 0.115
Aemddl Mot mgrieelleirc mdizer 051 6Ghat/ AL net uselibit a
the frequency of occurrence of the no-stick defect as
welld 1da phamomsnt - t Hihend dhec opstige: Midgeyhofe P .2% yield

N T T

than 0.165 mN/pm®? is used, the frequency of occurrence of
the no-stick defect as well as the short tail defect
decreases, as a result of which the good bonding condition
range can be extended, making condition management easy
when implementing the ball bonding method.

A range not smaller than 0.125 mN/pm? but not greater
than 0.155 mN/pum? is more preferable for the 0.2% yield
strength of the bonding wire of the present invention.

More specifically, the value of 0.2% yield strength
is calculated by dividing the stress at the intersection
point of a stress curve and a line on a X-Y coordinates by
the cross sectional area of the wire (ﬂlnz) before drawing
the wire, wherein the stress curve represents the relation
between deformation (mm: X axis) and stress (Y axis) when a
wire of 100 mm in length {(length between chucks) is pulled

at a rate of 1 mm/minute and the line passes the point of
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when i npl enenting the ball bonding nethod. A range not

smal l er than 0.125 m\N/ PM2 but not greater than 0.155

nM\/ PM2 is nore preferable for the 0.2%vyield 20

strength of the bonding wire of the present invention.

More specifically, the value of 0.2%yield strength

is calculated by dividing the stress at the

intersection point of a stress curve and a line on a
R-.2myro ord itk & dxis tansl c:raas}zsarsaelclﬁlon%ﬂ thesregheurve at
wire (tLM2 ) before draﬁegg Li re, wherein the

dhee PO &}P\Pe r &8P gn "bet ween

def or r(efgﬁgltxo@m o eng"ﬁ%ﬁ‘?ﬁ (gh @) HEhbsent

wire o mmin |I"éngt en chucks) s

H.ltlllvle%Q:oratha% £l FouhdTHHEH Witee antcd I&Awmpﬁsjﬁ edegrades
the point of 0.2mmon the X axis and is parallel to

tilfe tailer ésrdngsee off tHdecqeorinonlayesr el sthigs, iand that the

alnost 0. As a result of further investigation, the
pirr@s@mlwwaﬁrbrbmsnzaan e (RRAE (GHeawgh blity Problems

dra bility d grade if t a ess of t C

Wrabq §%V e?’ﬂi‘lczltrf% {hea\r}b ‘?‘fﬁ/s &h b 88kt 1

'%}fe‘}:v g&' W@I&@' e K&Y @&npleted the
redlum n ness of the coating |ayer

t;ﬁ.é@éxm riraremquaﬂxmai wesp@cmd) hsess €d gt et letls t friending.
present invention (fourth aspect) based on this
fi ndi nFhat0 iEhatas $heas auntif cﬁﬂnqﬂ’fas?rfecﬁhebfplﬁf@nt
present, invention, there is_ provided a bonding wr

doentsiony £hens daRFW IR i APIRTHRY (EHR Jf}]%lng a
Kot %avfaﬁ'cnc’étﬂfng%er@ép TEqRES of 4 e Whdrein the

orn e core

Fuh RS el dydher &1 £deshea @mrﬂr}ﬁ‘é’@apfh&@ﬁ)@%thﬂ@her

| ayer i's 300 or |ower. Wen the
melting point than the core, and wherein the Vickers

hardness of the coating layer is 300 or lower. When the
Vickers hardness of the coating layer is held to within
300, excellent effects are achieved, for example, the wire
drawability improves, and in particular, the frequency of
occurrence of partial delamination or cracking of the
coating layer during drawing decreases. More preferably,
the Vickers hardness of the coating layer is 220 or lower;
in this range, the wire drawability further improves.

When measuring the Vickers hardness, if the coating
layer portion of the wire is directly measured for its
hardness, there are cases where the measurement is
difficult because of large errors for such reasons as the
coating layer (plating layer) is thin, the wire surface is

convex, and so on. In such cases, using the same plating

- 14 -
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Vi ckers hardness of the coating layer is held to

within 300, excellent effects are achieved, for

exanple, the wire drawability inproves, and in
particul ar, the frequency of occurrence of partia

del am nation or cracking of the 20 coating | ayer

during drawi ng decreases. Mre preferably, the

Vi ckers hardness of the coating layer is 220 or |ower;

ise luiion ange condd tijons @dsawdsid ifgr fRATHEY | Tt RRAating

Wien neasuring the Vickers nes 1 f_the coatin

HAYET -pGr BIGT ﬁﬁ’é’% r%‘q“g'a‘%&f%c{q?“%a%% rabdgl‘flofrag‘flt%

%%Tl%% 1S ¥mn tahgarl%%r Crkefs BF WY & dne { LMY 41 core
iTtrcult because of large errors for such reasons as

WA erGeat,i RGid A ViRkdidd hdratRigds isf tihiis plering elayer

surface is convex, and so on. In such cases, using

tsheudanbepmetasngesibl uti on and conditions as used for

formng the coating layer, a plating |ayer should be
for med The BregendhReverfiiopn 3 theTy BSHESR A of t he

materi al th ter. al t \Y/
PR o e daR reT AT Hadih R S R A
'H%%yyaﬁgaﬂégoQ¥§ntion further provides any
Cco

Ination selected fromthe first to forth aspects
nment i oned above. 10 Core material For the bonding wire
of the second aspect and the third aspect of present
iCQorentriagerittlde core material is conposed nainly of

. For _the baondi i f th first t
P ror ke ot Sl e Barond p SRR e
'Fﬁf%dzgsﬂé%ﬂugflﬂfgééﬁktfhégﬁkfgﬁ¥”€ﬂé:é%fgiﬁgterial is

composed mainly of copper. For the bonding wire of the

first aspect and the forth aspect of present invention, the
core material is not limited to any specific kind of
material. Examples thereof include gold, silver, copper,
etc. Copper bonding wire is preferable since it is less
expensive than gold bonding wire, and it has suitable
rigidity and is less prone to the problem of wires
contacting and short circuiting due to resin flow during
resin sealing. However, it has the problem that the short
tail defect tends to occur more often than in the case of
gold bonding wire. On the other hand, silver, which is
less expensive than gold and is relatively soft, has the
advantage that it gives less damage that may be caused to
the bonding target during the bonding.

Here, the term "core composed mainly of copper or

silver" includes a core consisting only of copper or
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mat eri al . Exanpl es thereof include gold, silver,

copper, etc. Copper bonding wire is preferable since

it is less expensive than gold bonding wire, and it

has suitable rigidity and is |less prone to the

probl em of wires 20 contacting and short circulting

due to resin flow during resin sealing. However, it

has the problemthat the short tail defect tends to
edduremor Howkver ,t han the Casecade thle cgaled dedpgisay mainly
wre. On the other hand, silver, [

. Ol which is |ess
S GORRAE + Hen igpIRFefRFaRle dihat \RIReS g1temenks  en scopper

advant age that it giVv l e t S

B ARt o R 2Ty T e ot Y e 2661

LRIINIC Y SHPRRT B Nlair fir CORDLT1 Gfeight Sércent

i ncl'udes a core consisting only of copper or silver.

Hateierve it titee crsgghl dihetlooraoronpeden mhienlamowft of

copper, it is preferable that other elenents than

doppuritige codtelidheti tinim thois rangrintIeRd ehepgation

than 0.001 weight percent but pot |arger_than % the ball

VRAIRC RIS CS Gat e PR m@ St THRULDr ethe P2
{ DU f ities is held within this

ys'g’ﬁa&)ee, goo g'ln%rn%a pll%)(%pé%har acteristics can be

obt ai n@qw%}@sama Jtae taldntth thaldhars e &t ato 1bd y

i mproves. anpl es of other elenents than copper to be
broantreddheich itthd homworiméhadeideeterldwnungini nzingnc,
zirconium silver, chromum iron, oxygen, sulfur and

IR Wi e Teneth ot e TR (BpYeT ar@1fur and
SRS, gl TR PR, KD 3B, nea o
el PG fharaed e1dSt416sh 0.001 weight percent, not only
the effect of achieving good elongation characteristics,
but also the effect of being able to significantly reduce
the possibility of wire breaking and the like. during
processing can be obtained. However, an excessive amount
of elements other than copper would not only have adverse
effects on the electrical characteristics, such as
increased electrical resistance, but alsc lead to the
problems that craters are formed in the surface of the ball
during the ball formation, and that the yield strength
increases as will be described later. In view of this, it

is desirable that the total amount of elements other than

copper be held within 1 weight percent.

Coating material

From the view point of preventing oxidation of the
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15 but also the effect of being able to significantly
reduce the possibility of wire breaking and the |ike.
during processing can be obtained. However, an
excessi ve anount of elenments other than copper woul d
not only have adverse effects on the electrica
characteristics, such as 20 increased electrical
resi stance, but also lead to the problens that
dramddmy avied oriedis rpnafeahkecke gis¢ mn Ua’Fl-da’éPd‘?lP ng

t he bal | fornatlon and that the yield. s
i ¢ B (P TR I oS 1AL | diglag oF such

tall %Sé]jgi’é gt t};athﬁle]ﬁ%{ mﬂﬁ EBdRer .

opper n wel ght  percent .

Co_at ' andt@ierFsr,orari f&{l}ﬂéﬁﬂd&@'ﬂﬁsﬁt&{@\lﬂ’ﬁémmaving a
oxi dation of the bonding wire, it is preferable to use

ani ghdrdatd oning gso xitantharet the forre eatewmtahgis preferable.
materi al. Exanples of such netals |nclude gol d,

wu%dﬁm of a@%@i@fﬁ%mwm@ R hehe kipd of the
dat tant nmetal h hi gh |t
%‘)(%I}ﬂaﬂlfon res S gﬁé_ net a laa\” 21%6?% qé% er aﬁ}ﬁerla{(}l.g 1CF
f m
e

GRAREN ,wHdsé el 8 ad Ent 0id ith L1de@sto200Mg lll:agleer than
froma netal whose nelting point is at |east 200C
hitghteroft epddx t hiheof S@J@@p@r mefadn isudtsed fsmithe coating
used for the coatin ayer t he shape of t

iR ithe hapg |° cﬁﬂﬁrRF hr%%@g%ds%%bF??h%§ffahﬂndlng
"ol 080T eR-fiLon A8, SeppSareltita pavs
'%tb@%%ﬁf@d. t @ﬁﬁzctﬂfﬁtc @‘xaﬁr@ﬂ% of metals whose
melting point is at least 200°C higher than that of copper
include palladium, platinum, and nickel, and a metal
composed mainly of at least one element selected from the
group consisting of palladium, platinum, and nickel is
preferred for use. Of course, an alloy containing two or
more elements selected from the group consisting of
palladium, platinum, and nickel may be used for the coating
layer, or alternatively, copper or other metal alloyed with
a metal selected from the group consisting of palladium,
platinum, and nickel may be used for the coating layer,
provided that such an alloy is oxidation resistant and has
a higher melting point than copper.

A metal composed mainly of at least one element
selected from the group consisting of palladium, platinum,

and nickel includes an alloy containing two or more
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15 include palladium platinum and nickel, and a
nmetal conposed mainly of at |east one el enent
selected fromthe group consisting of palladium
platinum and nickel is preferred for use. O course,
an alloy containing two or nore elenents sel ected
fromthe group consisting of 20 pall adium platinum
and ni ckel may be used for the coating Iayer

or
#lemendis \we hectashfaromrtha rﬁouﬁat%@n%w%m of tpplladium,
mnj?ﬁal sel ect ed f mthe %rgﬂ% consi sting Q aI l adi u her
may WeGEed PEPY e SdodtGing ©F °t1e
I “éﬁtitc& [ [ | §Fo
reS| s ar%t& ?/ééijhas lg%t I gher klf%%g%%ﬁn% han

ERRAst i il pLonnpses, s ek, &indl&&lﬁ&k@ll&nay be used
el ement selected fromthe group consisting of

[ aieumogtiiatg rager arprovickesl thnt uslesh aan adlbyy is
containing two or nore elenments selected fromthe
gradin tdens izasimtart @nd dpum hw*s&# rﬂlﬁﬂ-t:'arh% PPtk than the
Furt her, copper iV or oth t

£t 412 tseéi ‘frtcﬂﬁ R TR ) RO #Eﬁ ;foé{rﬁdtf(‘é Sroup
R Adi4Mg RIAdIEa AR, TP Lieln iRy aeauﬁf@hceis {9rehdenain
coat 1 ng ayer provi ded that such an alloy is

Qiﬁnq:aiﬂgh’t refsitHeard1ayd. has a higher nelting point

than the core material and that the nmetal selected

from t Ha gheugrasgnsionsing iofg s Immlilﬁﬁitp?-am#ﬂﬁﬂn%d and
nickel_ is the main aHn%)onent of the a Io 10 In

gj‘r’t’ﬁhf’ loo Rt H RIHR T AT RBTRASTENE 3F ck |lS
la | V‘é’%}} S:I.l'Pea;'E éncéj:n.\fgl b Pgﬁféég%&gf‘sﬁ)iétiﬁg adhesion, has

I nexpensi ve, rovli

eSO by RS 1 1T 1 O e 1K 65l St@DCeaidalas better
ni ckel, and has better

workability (drawability)} than platinum.

Thickness of the coating layer

As for the thickness of the coating layer, the
thickness that falls within the range satisfying as 0.007
=< Y = 0.05 is preferable, where Y = {cross sectional area
of coating layer / cross sectional area of core) in the
cross section when the wire is cut vertically. When the
thickness is within the thus defined range, the ball shape
stability further improves, making it further easier to
obtain a true spherical ball. More preferably, the range

is 0.01 = ¥ = 0.04.

Different metal layer

The bonding wire of the present invention comprises a

- 18 -
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wor kability (drawability) than platinum 15 Thickness

of the coating |layer As for the thickness of the

coating layer, the thickness that falls within the

range satisfying as 0.007 YS 0.05 is preferable,

where Y = (cross sectional area 20 of coating |ayer /

cross sectional area of core) in the cross section

when the wire is cut vertically. Wen the thickness

icong @nd a eating M%chranﬁgﬂe on Hh FerehReferably. a

22 sttt T et Ao 1 AT BESS s b o oS 1 pa the
fﬁﬂﬂ%.ﬁﬁln £ Oﬁe? eY hd- A reLibhe’ sl aTehdlydr@Rlans a

Wire of the present 1 nvention coAprises a

GRItR 1aNG v 1C GHrind |yl  aldfd o tdEF fxférit from any of
preferably, a different netal |ayer is provided

dtenaet ertie lco rfioramichd Hthe comte rapd ayhes .cdweling thryer.
different netal |ayer nmeans a netal |ayer formed from

a mat efPgl ddifErseart Meterh dRyedt Mok e saTURS to prevent

forn1 t.he c and t coatin ffe
Fehydr 0 U P Sl e ddh bt iy the
r@tll%g,e&olwl ﬂ%@d W d 104 dT Sh Py ot EHY

Iayer y ‘plating, but also contributes to Increasing

tieredasi g tHee tadass iidie wonidaty tioy efoatnihd heaydér and the

core. It also offers the effect of being able to

cxgid.y Itapdsai pffeaysbihe lePff&Cftr o€ Hsriag @é)llesrt@p@aﬂly

over a wider _range of ball neters of
e e Ha b % e (RSN G4k Shape oves a wider

range of ball diameters.

Examples of different metals usable as the material
for the different metal layer include gold, platinum,
palladium, rhenium, rhodium, ruthenium, titanium,
magnesium, iron, aluminum, zirconium, chromium, nickel,
silver, tin, gzinc, osmium, iridium, and their alloys.

Among others, gold, platinum, palladium, chromium,
nickel, silver, tin, zinc, and their alloys are preferable
as the different metal layer can be easily formed by
plating. Further, from the viewpoint of preventing
degradation of the plating solution used for forming the
coating layer, metals that have low ionization tendency and
that can easily form a passivation layer are preferred for
use;: examples of such metals include gold, platinum,
palladium, rhodium, ruthenium, titanium, iron, aluminum,
zirconium, chromium, nickel, and their alloys. Of these

preferred metals, gold, platinum, or palladium is
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for the different nmetal |ayer include gold, platinum
15 palladium rhenium rhodium ruthenium titanium
magnesi um iron, alum num zirconium chrom um

nickel, silver, tin, zinc, osmum iridium and their
all oys. Among others, gold, platinum palladium
chromum nickel, silver, tin, zinc, and their alloys
are preferable 20 as the different netal |ayer can be
e iycuflermigd gnefimdbley. Further, fromthe vi ewpoi nt

of preventiq&l degradati on of the plating solution
used f @hef Gimiedere medak MY 108 & Matdly Wi meglhAng

salay e Sheiek, e RS e e shiida Yol o Holer)
?fulz::ﬂl;é%‘ %ﬁ%dn@lrﬁ%ﬂ%é& B AlddWMBor RS E1RUERMN different

ho enium titanium iron, alum num
Fgteani ldferc AT tHe dvakialg okt hief rtledy ayse £fhrmed using
these preferred netals, gold, platinum or palladium
idsi ffemtanduimld ying efeitade. Floar dixafadent tiet slihferand
a netal whose nelting, point is |lower than that af,the

mt@%ét?ﬁralbi% ﬁféﬁ?ﬁm bY Rt e ﬁ%%‘;@%ﬁﬂ%b wwﬁ e, on
%Zlaeijsoec%eirgrhanoé,f ﬁmegyéjdﬂl %Fﬂt_n@é‘gafm{éa fé%?{%#er the

Ing yer are usi ng nt

RIIdd ISRy, TMateXdPle®ent MR H fthey eRltai™ladlers are

| ayer 1s formed by strike electroplating while, on

ttharmeid efrdnanthe tdene osttanly, | Bfy etheys doz nBeryd using

el ectroplating. That is, even when the netal |ayers

sYi£ frremdy Rl Fimgnnatdhadse Hetfellews (Hat Jfhe feehel layers

Rl 228 AR Il L0

The thickness of the different metal layer is not
specifically limited. Usually, the thickness is preferably
0.001 pm to 0.1 pm, and more preferably 0.001 pm to 0.03
pm. Usually, a thickness about 0.001 to 0.1 times that of

the coating layer suffices for the purpose.

Elongation per unit cross sectional area

The bonding wire of the present invention exhibits
excellent ball shape stability irrespective of its
elongation per unit cross sectional area, but in the case
of the bonding wire whose core is composed mainly of
copper, it is preferable that the elongation per unit cross
sectional area is 0.021%/pm? or more, because the wire then
exhibits further excellent ball shape stability. The
elongation per unit cross sectional area is defined as the

value obtained by dividing the wire elongation (percentage}
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The thickness of the different nmetal |ayer is not
specifically limted. Usually, the thickness is
preferably 15 0.001 pmto 0.1 pm and nore preferably
0.001 pmto 0.03 pm Usually, a thickness about 0.001
to 0.1 tinmes that of the coating |ayer suffices for
t he purpose. Elongation per unit cross sectional area
20 The bonding wire of the present invention exhibits
@atdldveit Wl aHdpemstlaid ivire rkegpeeied atpra jxate of 20
el ongation per  unit cross sectional area, but in the
SRIBLTGIES FB tdncilify T RERRIE e TRS (it cipctional
mai nly of . ¢ add f b t 2
st shep SRR mddqud SUELHE Y fhd im iy o, gne core
YURVEHY JBHSndOGRHSe, 1d1e W rend herrrexdnbinstdUridpsr is
excel l ent ball shape stability. The elongation per
WHdvialeass tdectsumalpnrleafi heetdomed dhe [dffieglend metal
obtai ned by dividing the wire el ongation (percentage)
dehiesvednthahen AdrEI okRFs% ke is pulled at a rate of
20 mmmnute until the wire breaks, by the cross
sectional area of the wire before pulling (the sum
[gd; f thg.cqe and the coating layer, or if the

| ayer is 5 provided, the sum|[pnt] of

the comged e 1ddrerginta il md e wheswl Yihskamathariness
| ayer). Coating |layer B Wien a | ayer of a soft netal

Vit Sleb OVi apk €lress sharsi nfasssne d (2§ stHg owkmo st slager opfrethes

t he outnost | ayer of the bonding wre,

AT (M S uritRerv T r GRARAD h Y FEher AfeFovese and in
S Ror o Y s o ok ErLSETEEy $p e pytended.

It is therefore preferable to coat the coating layer with a
soft metal whose Vickers hardness is 150 or less.

As the material for the coating layer B, a metal
whose Vickers hardness is 100 or less is more preferable.
Of such metals, gold which has excellent oxidation
resistance and malleability is particularly preferable.

If the melting point of the cocating layer B, i.e.,
the outermost layer, is lower than that of the coating
layer, there can occur the problem that the ball tends to
be formed in a spear-like shape. This problem, however,
can be avoided by making the thickness of the coating layer
B smaller than that of the coating layer and not larger
than 0.002 times the wire diameter. More preferably, the
thickness of the coating layer B is not larger than 0.001
times the wire diameter.

The bonding wire of the present invention may include
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soft metal whose Vickers hardness is 150 or less. 15
As the material for the coating |ayer B, a neta
whose Vi ckers hardness is 100 or less is nore
preferable. O such netals, gold which has excell ent
oxidation resistance and malleability is particularly
preferable. If the nelting point of the coating |ayer
B, i.e., 20 the outernost layer, is |ower than that
& furthesatiawpr |y addithicne tarthr eeTe hethg o¥pa¥ing layer,
t hat the bal | tends to be for in a spear-like

{Eseren: G IRverand CiP HESat BTG el TgE B as long

[ t 1. t y.

T, RSBl y%r b e EEEGRL BE e
O3 thi gFES tI'B% Wola® i Plga TRlRIr, I\flPl_ree dArrEetietlt! Wnetldle 1ayer,
t hi ckness of the coating Iayer B is not |arger than
GriD It he igest irye dayexr A3 ameet exaci Hee bbowhed frore filtiple
the present invention may include a further layer in
ddH8L%n to the core, the coating layer, the
different netal |ayer, and the coating | ayer B, as
long as the additional |ayer does not harmthe effect
¥ el WENMHL bonk é:cwﬂ.éng | ayer, the different

g layer B may each be
formed 'Iﬁ:i'eorﬂllarﬂdﬂdﬂ of lapeondimeiiafe Gf tiiee hnrek et
wire The dianmeter of the bonding wire of the present
Hhvientginn dirs i thapespietidalcky [ 1imited emUbtheﬂn apbject
object is to forma snmall dianeter ball, a
d'1%1nté?t o asnll blapster Raklr b BLTS n%ﬂ??ﬁ%’a of 15 to

Ci J Cpl%rll tl sd erILeCfe erable.

Integrated circuit device

The present invention further provides an integrated
circuit device produced by using the above-described
bonding wire. The bonding wire of the present invention
not only exhibits excellent ball shape stability, and the
like but alsco has excellent drawability, and is
advantageous in terms of production cost as well as bonding
characteristics. Accordingly, using this bonding wire,
electrodes on an integrated circuit device can be connected
to a circuit wiring substrate in a stable manner, and the
integrated circuit device produced by using the above-
described bonding wire has stable gquality and is

advantageous in terms of production cost.

Production method for the bonding wire
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15 The present invention further provides an

integrated circuit device produced by using the
above-descri bed bonding wire. The bonding wire of the
present invention not only exhibits excellent bal

shape stability, and the |ike but also has excell ent
drawability, and is 20 advantageous in terns of

production cost as well as bonding characteristics.

Accor dFegl yrheypinogudtiionhefdithe wWonding wigte odestivirk layer
an integrated circuit_ device can be connected to a

Gifr ARl nd it rEaTedh af i W HERRrLaYe R thick

i ntear circujt. [ Cceqd [ V.
SRR S oy T & PLESHER M) DLl A8 Ene
%%\aac%@gq%ﬂ B BT o HOBEE ddStth R ALEF O of
nmet hod Tor "the bonding wire For the production of the
hendilng fuy Eomilny clhdsxy erayexfs retal aldatfogmed on the
formed as the coating layer on a thick copper wre,
aride.f ande tdief fidyentcortied WisRerks dkpYhea RbaEdhity of

| ayer B are also to be forned,. thick |layers o

s B oG i HRRLTe oh b Eap ST o areT he

W i@ U h%hﬁ.guﬁne%gl%ﬁe‘.:iswerc%n'oﬁl'@a@.""‘&nﬁ rgar@féﬁieo.f The
t7es 1o obtain the desired wire di ameter an | ayer
IdUnb9RaS.onT 15 1R dtaEh b Fa 1S00H) A & ak i we dapeivef g apt@vides
The conbination of electroplating and wire draw ng
Exmdldent] eecldld airt tresgus tof iyniformity imi thiekngss and
in thickness and snoothness _of the surface.

P idmasie Okithee SHERR hod UIREFTOL go 5 Sifh o e thod
%ﬁ{fvl\fﬁe?gs %EOZ‘}GC oa{ ergafoeﬁ Il%at,lfﬁwéehr? Igé féc?:.tg %af%ﬁéfz%jh!e YL -

I ng-rayer, S" et hod ~Ccan 'so
RSB dfdtGbondidlg, tam Hecadgisd ODSPEr, this method
can solve the problem of the bonding tool becoming clogged

with flakes coming off the coating layer or the different

metal layer.

Method for forming the coating layer

For the method for forming the coating layer on the
core, an electroplating method is preferred for use. When
also forming the different metal layer, a method is
advantageously employed that forms the different metal
layer on the core by electroplating or like method and then
forms the coating layer thereon by electroplating. For the
formation of the different metal layer, strike
electroplating is particularly preferred for use. Other
possible methods for forming thin films such as the

different metal layer are chemical vapor deposition and

- 23 -
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15 with flakes comng off the coating | ayer or the
different netal |layer. Method for formng the coating
| ayer For the nethod for formng the coating |ayer on
the 20 core, an electroplating nmethod is preferred
for use. When also formng the different netal |ayer,
a nethod is advantageously enployed that forns the
different netal |ayer on the core by electroplating
@hys ilom Imetdpad- atepddianiorf.ornms the coating | ayer
thereon by electroplating. For the 25 formation of the

di f f er Ssuaddial afdpsr the Gipal &iddkshsd ating igmeter has

articyl.ar.l referred for, _use..Cther 0SS} . .
RGP Fmad iy AT (e sien oo (RO s, 1o

led A A I AR MeRRL daPash 1 {mee ANEL Phyhsal it

\'/Eg%?red eposfidt?‘iagjn. Usm'ua I(y, after the filg@ial )afi ni sh:z% TS
Wi o g et er Thasbthaan aoboaidied by & asivigd kA otigation per
the bonding wire is subjected to annealing ("fina
amidaldmy'y dertidingst drea S| Grybi/wm. ofo meiseai it is
bondi ng wire having el ongation per unit cross

Pxafgihlarten RATPDN BHRa LI GR I LYY | thropah oFlp) drawing
tQ perform.anneal.in It g d i Q). .

SRR AR G Ty S e T Hpte®, (LA eion to the
0 e addddlipneal ing. 10 In the bonding wire of the
present invention that wuses a core conposed mainly of
copper ,InSithee Hdieliciy weitne eof rack ysceassaritesirdegenidimgthat

on the dianeter of the guide roller over which the

el |y adTe grrpreed mveinknsof coRPee. SbpFe b ocReature

Wi ' ' .
rardei’usaq}jaxtihees Vglerp?ene it.nrgancg:r?/t Xétdflgr%lei?gr of the guide roller

over which the bonding wire passes, the tensile force
applied to the wire, and the wire entrance/exit angles
during the production process, the curvature radius that
falls within the previously described preferred range can
be easily obtained by suitably adjusting the diameter and
the tensile force. Here, preferable values for the
diameter of the guide roller and the tensile force applied
to the wire vary depending on the diameter of the bonding
wire, etc. Further, since the curvature radius also varies
depending on the winding diameter of the spool or the like
used when the wire is shipped or stored, the preferable
values for the diameter of the guide roller and the tensile
force applied to the wire also vary depending on the
winding diameter of the spool or the like. However, the
preferable values for the diameter of the guide roller and

the tensile force applied to the wire can be easily
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15 during the production process, the curvature radius
that falls within the previously described preferred
range can be easily obtained by suitably adjusting
the dianmeter and the tensile force. Here, preferable
val ues for the dianmeter of the guide roller and the
tensile force applied 20 to the wire vary dependi ng
on the dianeter of the bonding wre, etc. Further,
sibf@adnatk Rumeabirel ey (RXRESHNRAET esOT depRnttHRg: on

the wi ndi ng .di ter of .th ool or.the |like sgd

when t ﬁglevvg’rl?llad;essq'ﬁe&?etd‘ é)& é“?’oer SR e r Itgle present

2 f ' ter t i r is

fg#5| éigg orcgh%%%f?éﬂ&%%)%§ﬁéﬁégﬁl%?Q%E%é§3d0$ﬁﬁb
dift Qh tiree atdditcarit aciids of tihe Sppativies he

i ke. However, the preferable values for the dianeter

afortthesingad dien rthd eroppeic mdkexinki | the ornreapphy ctemperature

the wire can be easiLg obt ai ned gg prelimnar

S AnRaRking ting at Kde 1Hing; of Jvire e?ﬂ@?%U%'Fi%e and the

bondi jre of_th resent _inventi t

c‘,"ocfrg( S b nek§/ of " top %rwjl“lgg %%%éinrgght l{%eﬁlsetr%elly' the
aNte AN DS SHCLAIR £ 1d £Scon €&MEA NEN e t BSpper
copper material, the annealing tenperature and

aneatidly tilne fhalher tthe wilwe ref ptloelugiedbd, stnengtie.
wor k hardness at the tinme of wire drawi ng. Generally,

ther thaml |tdre traelugrovhtthd Yhpld i steengbnt depeeasastfe the

. terial, th I th .the.vield
PG R THe (8 Vil TS THERg | HE st eRgERe

. t ljng. t hetr -
AR O, o UGS 1 BOFS & 156 PO Ercngth <o
Whiogei 0. 14% Yealgk Sd# engi1s i o oM 14% nmi yemt asige 1f obtained

0.115 to 0.165 m\ pn2 can be obt ai ned

by adjusting the amount of the impurities contained in the
copper material, the annealing temperature, the annealing
time, etc.

Further, the value of the yield strength generally
tends to decrease when annealing is performed a plurality
of times before the final finished wire diameter is
obtained. The wire is drawn into a smaller diameter wire
by passing it through a drawing die having a bore diameter
smaller than the wire diameter. Here, when the wire is
drawn, while applying a suitable lubricating oil, through a
die whose bore diameter is not much smaller than the wire
diameter, a bonding wire having a small yield strength
value can be obtained.

The method for forming the coating layer on the core

includes an electroplating method. When also forming the

- 25 -
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by adj usting the anount of the inpurities contained in
the 15 copper nmaterial, the annealing tenperature, the
annealing time, etc. Further, the value of the yield
strength generally tends to decrease when anneal i ng
is perforned a plurality of tines before the fina
finished wire dianeter is 20 obtained. The wire is
drawn into a snaller diameter wire by passing it
tdweduighy datreanithg tdie mimgg daige Bl bhefermed iy | er
than the wre dianet

A TR IR £k I T Lok %quh'fs%% %0%"‘11“9

q%§ ose bore dianmeter is not nmuch smaller than the
e 25 dianeter, a bonding wire having a small yield

strengithe WX s dFe R dldidng heaydt I rfdrthe hardness
formng the coating |ayer on the core includes an

elfe difeoplcat ti ingy riedvhead . thahte nE &l s ovi torim nghe hpreotousyy
| ayer B, the coating layer B is forned by
a@mﬁw%tnnﬁ;fanq eargnes BANYe 3% MeRleved by

h h d f
_ e_toﬁ-guwaa%}ég%g LS T oe ot SRS | TP EYSR Sha
AR, ac_i J‘.‘EE’:L ldséjcfsc%%%d i QY theHANASSIs used,

ange |ev selecting the materials and the

Rir iH&:cﬁﬂisﬂ lmﬁm deﬂiéid:[‘!gg codiie QpEa tibeg. sEenioh and
the sane netal is used, the hardness varies dependi ng

@il athien gl cundigt isoisitisad artedage athe aeemet taluiaskinds of
used, because the anmount and kinds of _inpurities

P YTIidieR) and dderRlak ¥ s Hap bt et niwpe +n9 on
q:)ilarl'tpl eFotrh%x\élm%lier,s tli’ll%r %%%c%r%f h@:&ldn%(ysu'gfc %1lad1um can

be varied over a range of 200 to 460.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Figure 1 is a schematic diagram showing the condition
of a ball feormed on a bonding wire.

Figure 2 is a schematic diagram showing a processing
step after second bonding.

Figure 3 is a schematic diagram showing a processing
step after second bonding.

Figure 4 is a schematic diagram showing a processing

step after second bonding.

[Effect of the Invention]
When the ball bonding method is implemented using the
bonding wire of the present invention that comprises a core

and a coating layer formed on the core, and that is

- 26 -
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be varied over a range of 200 to 460. 15 [BRIEF

DESCRI PTION OF THE DRAW NGS] Figure 1 is a schematic

di agram showi ng the condition of a ball fornmed on a

bonding wire. Figure 2 is a schematic di agram show ng

a processing step after second bonding. 20 Figure 3

is a schematic di agram showi ng a processing step

after second bonding. Figure 4 is a schenmatic di agram

gowangt eriwet essi that stlep adabingetayelr bbmdf ogme@5from a

(Effect of the Invention] Wien the ball bonding nmethod |

ine oy ek e i st ghe s Hee L bibp@li PRLRE rEnenr the §Peedpgterial

invention that conprises_a core .and.a cgoatin ayer

e dhahaing MR Setded FLo1dalh PR B kR aver
1£Oald o &YEL _xﬁél{(ﬁda ned rﬁé@nérﬁ‘ali@fakh&?vﬁ@gdié‘%rees, a

hi gher nelting point than the core material an

tthaie tdphewic£DMACT B0 Labil ¥ hf ke d Caiid Nghé ayesblem of the
when the core is nelted is not smaller than 20

depriees  ofa the reml kpiecoring bal$placed abrgmf bpeederher of
the problemof the center of the ball becom ng
RG] F99In e TEF HFCY%he wire does not easily

occur . en .t he . bal.l .bondi od is i -

using t & gglﬁdibr?gllwqog’r%fnryl{&ﬁpl?%(ge%{ #"%ieeﬁ%&?h%?mg the
YA P SwBr L UL tHO HRNOSEdi APt YoRf t KPP PESMPPEs8s a core
coating layer formed on the core, and that is

almped el inteicthiyn dhatopder carad | mgecdaying layéorfiedned on the
froman oxidation resistant netal having a higher

r9%e n@Ipbi that bk eharaeierbied i hn t Heat t Hee cepdbing elayer

is formed from an oxidation resistant metal having a higher
melting point than the core and in that the curvature
radius is 35 mm or larger, the shape of the formed ball is
stable and the occurrence of the short-tail defect can be
prevented, so that stable connections can be accomplished
continucusly.

When the bonding wire of the present invention is
used that comprises a core composed mainly of copper and a
coating layer formed on the core, and that is characterized
in that the coating layer is formed from an oxidation
resistant metal having a higher melting point than the core
and in that the 0.2% yield strength is not smaller than
0.115 mN/pm? but not greater than 0.165 mN/um®, the
frequency of occurrence of the no-stick defect as well as
the short tail defect can be reduced, and stable
connections can be accomplished continuously. Further,

since the good bonding condition range is wide, it makes

- 27 -
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radius is 35 mmor |arger, the shape of the forned
ball is 15 stable and the occurrence of the short-tai
defect can be prevented, so that stable connections
can be acconplished continuously. Wen the bondi ng
wire of the present invention is wused that conprises
a core conposed nmainly of copper and a 20 coating

| ayer forned on the core, and that is characterized in
ttihet ctomed icoiatn mgprltaycelr dasy ovhrpd ¥mplerenbiaglatherball
resistant nmetal having a higher nelting point than the
cenglinghmethadrat the 0. 2% yield strength is not

smal l er, than_ 0.115 nmiVpnP but naot eat .

v o PR 1 PR G s e s iy don
Q:‘ff?‘ar“atc Meld @9 cHdie shordididds el fdte $8MoPethe coating
reduced, and stable connections can be acconpli shed
AARIMUGLIH 0 JITd ,pr@ridss tdwo @ adcawahill gy and can
condition range is wide, it nmakes the condition

cdrgndd] i asashd el 6 i teneliite mpatnkenml ¢f PYeomdp®mbor art such
nmet hod. Further, the bonding wire of the_ present

fiefamRRr ehat et #abbd The tHRMRCY The? SCHar ARes Ot wire
f t t.i 5 | ' 0 | i .
g’rréev(i}aq% lcc‘f‘r’:lryzlngﬁdthe v?i}/:eer dlfav;’l%rﬂ Io{/s aﬁ%}/prﬂd ?ﬁ’ge g:?PQld is

can significa fate
ARR! B Dfad e Y | PiePldasUBh wasr, CaiParies Wtd of the
gol d, the frequency of occurrence of wire breaks
dlirdand ¢ hthonttr e tdieawdout sy Hiager amly tperyiel by i §lake off or
low, wire drawing dies easily wear, and the |ife of
taracking ey Pehyr tin thhe @rating | e ndy-pag 1 the | yire

g o SRR S e S SRS ALY ar0ng
qg@”léﬂééh'%ﬂbf@ﬂﬁ/6¥J¥Hk cross-sectional shape of the
drawn wire may deviate from the true round shape. In
particular, in the case of the bonding wire provided with
the coating layer B whose Vickers hardness is 150 or less
as the outermost layer, the wear of the dies can be further
reduced.

As described above, since stable connections between
the electrodes on an integrated circuit device and the
circuit wiring substrate can be accomplished using the
bonding wire of the present invention described above, the
bonding wire is used advantageously for the production of
an integrated circuit device. The integrated circuit
device produced by using this bonding wire has stable
quality.

As the fifth aspect, the present invention also

provides an integrated circuit device produced by using

- 28 -
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the length thereof or the cross-sectional shape of the

drawn wire may deviate fromthe true round shape. In

15 particular, in the case of the bonding wire

provided with the coating |ayer B whose Vickers

hardness is 150 or less as the outernost |ayer, the

wear of the dies can be further reduced. As described

above, since stable connections between 20 the

dibelct rosuebl neh men tiimregt sakkaved rcuit device and the

circuit wiring substrate can be acconplished using the

bonding wire of the present invention described above,
éh ng wire i s used advantageously for the

&ro&' an integrated circuit device. The

i ntegr %%dp@ers%l#ﬂtt iR HRMIgE WANad e Adnerita thifurther

bonding wire has stable quality. As the fifth aspect,

tdeet firle deyliow wighlt ief ateaice prospEsific erawpheed It

circuit device produced by using this bonding

hndlchde Aspatryedipttesihe Wéafmls%*‘erﬂlwm‘? dperein are

wi |l be descrjbed jn further det bel ow

Bt o meang, UpEide i el St i R EE ok the present

G ed, that the exanpl es disclosed herein are by

no means Intended to restrict the scope of the present

i nvention. 10 Exanple 1 A coating was forned to a

thickness of 0.8 im by electroplating on a core

dmerleMr e having a purity of 99.995% and a di aneter

of 200 pm By draw ng and annealin
APcoatlng was %Ormed to a téackness of 0.8 nm by

electroplating on a core copper wire having a purity of
99.995% and a diameter of 200 pm. By drawing and annealing
this wire, various kinds of bonding wires were produced,
each having a core diameter of 25.2 pm and a coating layer
thickness of 0.1 pm. Using each wire, 100 balls of
diameter 60 pm were formed by using a bonder (Model FB137
manufactured by Kaijo corporation})}, and the number of
occurrences of a shape defect in which the center of the
ball was displaced from the center of the wire was
examined. The results are shown in Table 1 along with the
core materials and coating materials used.

Wet contact angle at the time of core material
melting was measured in the following manner by using high
temperature wettability test equipment WET1200 manufactured
by ULVAC-RIKO.

A lump of material produced by compressing a 2.5-mm

size ball of core material into an easily mountable shape
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this wre, various kinds of bonding wires were
produced, 15 each having a core dianeter of 25.2 pm
and a coating |layer thickness of 0.1 pm Using each
wire, 100 balls of dianmeter 60 pmwere forned by
usi ng a bonder (Mdel FB137 nmanufactured by Kaijo
corporation), and the nunber of occurrences of a
shape defect in which the center of the 20 ball was
diasp sk d raoma tehesdntaf edating iatenkasl haaR e,
The results are shown in Table I alo w th the re
IHAASS B Leon ST HAGE JORBINGRS (i actS8 fm.  The
L f] f_co j ' ;
Thalie 1 s T ot it s (EHA Y BBRLLy of
tRTRR AU dRldP M dd dad tHSta ecui dent s T iwddate while
manuf actured by ULVAC-RIKO. A lunp of nmateri al
Aleddard the aoinprassi rar aa 2x&eamof silzaniyaite of Ther evet angle
material into an easily nmountabl e shape was placed on
aashamassiradathary tha drenperaiiry eachsd harint 40%C

ek ihas e AP G % T8 LG8 oigdorSaun to
g yas pheated 3l ed rv%tl%]g%f wedld B 1M 10 fHeP Wi fic

the nitrogen at a rate of 1L/ m nute. The wet angle

WRSL HRAS We G i efe e £ B e it al Nife £ £B€ hsti Bvygoi N1 0 40, gold:
hi gher than the tenperature at which the |unp had

Heguré t aandhetdpperhe heddur ed val ues were corrected for

the specific weights of the respective core netals

(silver: 10.49, gold: 10 19.26, and copper: 8.93).
'Q%Hf% H.Experinent
Experiment

1 2 3 4 5
Coating material Palladium Nickel Palladium Palladium Gold
(Melting point, °C} (1554) (1455) (1554) (1554) {1064)
Core material Copper Copper Silver Gold Silver
(Melting point, °C) (1084) (1084) (962) (1064) (962)
Wet contact angle 40° 35° 24° 26° 6°
Defect rate 0/100 1/100 15/100 20/100 100/100

As can be seen from the results shown in Table 1, the

defect rate was low in the experiments 1 to 4 in which the

wet contact angle was larger than 20 degrees but, in the

experiment 5 in which the wet contact angle was smaller

than 20 degrees,

defective.

Example 2

- 30 -
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12345 Coating material Palladi um N ckel Palladium
Pal | adi um Gold (Mel ti ng point,

C) (1554) (1455) (1554) (1554) (1064) Core naterial Copper
Copper Silver Gold Silver (Melting point,

C) (1084)(1084) (962)(1064) (962) Wet cont act

angl e40035024266 Def ect

rat e0/ 1001/ 10015/ 10020/ 100100/ 100 As can be seen from

t he reddi)t & dHdwn ofh gPdlfl strikeh@latsintefwas fopnede a
low in the experinments 1 to 4 in vv_hié:h?#ﬁe wet. cont act

dq@céc% 1o gséqoqmd}].% lﬁ‘égl?%e%t‘b’cﬁ ctﬂh%oplatlng on a
SR S LT L8 U0 €94 A8 9 Byometer of
VWRIE prflef @etie¥e wnd@nEsammhe $£ Pa1Addim ¢laaGlny was formed
strike plating was fornmed to a thickness of about
G D4 pRinkisddd kef e s tpmopl Byl drasring and annealing this
wire, copper bonding wires were produced, each having a
copper core diameter of 25.2 um, a palladium layer (coating
layer) thickness of 0.1 pm, a gold layer (different metal
layer) thickness of about 0.005 pm, and an elongation of
15%. By adjusting the diameter of the guide roller and the
tensile force used to wind the wire around a spool, samples
with various curvature radiuses were produced. Using each
sample, bonding was performed on a 208-pin QFP (copper lead
frame, silver spot plating) with a loop length of about 4
mm by applying a load of 80g and ultrasonic energy of 160
by using a bonder (Model EAGLE AB339 manufactured by ASM),
and the defect rate (ppm: the number of occurrences of
short tail defect and no-stick defect, in total, per
million bonds) was examined. The results are shown in
Table 2. Continuous bondability was judged to be good,
marked (), when the defect rate was less than 500 ppm, and
was judged to be bad, marked by X, when the defect rate
was 500 ppm or higher. The results are shown in Table 2.
(2) Using the same samples as those used in (1),
experiments were conducted by repeating the conditions used
in (1), except that the ultrasonic energy was varied, and
the ultrasonic energy range (good bonding condition range)

within which the defect rate was less than 500 ppm was
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copper wire having a purity of 99.995% and a di aneter
of 200 pm After which a filmof palladium plating
was formed 5 to a thickness of 0.8 pm By draw ng and
annealing this wre, copper bonding wires were
produced, each having a copper core dianeter of 25.2
pm a palladiumlayer (coating |ayer) thickness of
0.1 pm a gold layer (different nmetal |ayer)
i tekimest. offhgbaesud.te0Bnemshewe 4@ dladdgatd-on of 10
15% By adjusting the dianeter of the guide roller and
the tensile force used to wnd the wire around a
%le sanples wth various curvature radiuses were

Zl%o uced. Using each anpl e, bonding was perforned on

a 208-pin QFP (copper |ead frane, S|Ey§ﬂrm§é;@t

plating) with a loop | engthof about 4 15 nm by
applying a | oad of 80gjand ultrasoniz energy af 16D 4

\I ot hno Ar\r ( ANhdpel EACLE AP92oD

20 f ot vy A \f
ST ll\d a—PehRaet \IVUle | g\ Wy oo J—ahitracturea y

Aﬂwatureaadiuttrﬂnﬂefect rat eS§ppm| théd2number o5 31

£
1

occurrences——of stort art—defect—and—mo-stickde

ct
iDefecdrate (pp@Y i | i on| bon#8) was exXdni ned. PAE 2000

results are shown in 2D |a e Z. Lor&lta}anuo
yd

SmARBPYS RopdaRikity udged goc rkad 0, when| t he™

TR RE M e ST LA

ppm or higher. The results are shown in Table 2. (2)

Usi ng the sane sanples as those used in (1), 25

experi mNichn\aiee seiluicnd the nepaaii s gHdwn dondifdblons2, in
used in (1), except that the ultrasonic energy was

Vidve @;cpea:rﬁdnertmeﬂl N rdsiortt cthen WV bR Xe@bds bomeli keSS
condition ran within which the defect rate was

[T (a0 F ASERC o BT SRS RO 2 ¢ TBRE LRovi SPoTt

iﬂgifﬂaé%é%t or no-stick defect occurred for every 500
bonds, but in the case of the experiment 3 in which the
curvature radius was only slightly larger than that in the
experiment 4, the defect rate greatly improved to 360 ppm
which means about one defect for every 3000 bonds; this
defect rate does not become a problem in practice. The
defect rate further improved in the experiments 1 and 2 in

which the curvature radius was larger than 40 mm.

Example 3

A film of gold strike plating was formed to a
thickness of about 0.04 pm by strike electroplating on a
copper wire having a purity of 99.995% and a diameter of
200 pm. After which a film of palladium plating was formed

to a thickness of 0.8 pm. By drawing and annealing this
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Tabl e 2 Experinment 1234 Curvature radius (nm 55423531
Defect rate (ppn) 10143602000 Conti nuous
bondabi | i t yOOOX Good bondi ng condition range80 - 19080
- 19080 -16090 - 140 5 As can be seen fromthe results
shown in Table 2, in the experinment 4 in which the
curvature radius was less than 35 mm the defect rate
was 2000 ppm that is, a short tail defect or

no-Ist i clopiefie dorsting rveidré rwistlergasious Hpieibd pirength
the case of the experinent 3 in which the 10 curvature

VEiURS eE o mRPaGesht |SATAEY LA Sh GIRRET (PPRe diameter of

ient_ 4, the defect t A ved.

FR Wi cie Mo Bl bt e ARl 1B Shtglndf? of 0.1
bandsind W %}ol@fleé:}}ef At ®i FHSSe MO tmdELP BaPe Pf OPh £E8khdss of
practi ce. e defect rate further inproved In the
@Rt entes Jarend Thei kutvasuireh radd usuofateach redipes
was |arger than 40 nm Exanple 3 A filmof gold strike
fondimg whscd otaredtQ ome  Usiiaign @ashowigigou PPN pmasy
strike electroplating on a 0 coppe L re having.
REGHFMEd G GhRE R c%ﬁ%rﬁé‘f%?" Toad pﬁlfa%?t opilver spot

i fil.m,of j i .
S e o " A R N dE LR dfpEvins
Wdas GORRS, Rendiddravyasg MR YBET&Sn ¥ edsle B§¥ £MPY husing
val ues were produced, each having a copper core
Gi dretdar dfMo@Gl. EAGHE ARRI 9 avinwfdctered comtAgly) . and the
| ayer) thickness of 0.1 o
ultrasonic energy range (good bonding condition range)
within which the defect rate (ppm: the number of
occurrences of short tail defect and no-stick defect, in
total, per million bonds) was less than 200 ppm (one defect
for every 5000 bonds) was examined. The results are shown
in Table 3. The yield strength here is the average value
of the values obtained at 10 points by pulling a 100-mm

long sample at a rate of 1 mm/minute.

Table 3
Experiment
1 2 3 4 5 6

0-2% yield strength 0109 | 0123 | 0128 | 0153 | 0160 | 0.178
(mN/pm*)
Giood bonding condition range | 144149 | g0-160 | 80-180 | 80-180 | 90-170 | 120-160
(Ultrasonic energy range)

As can be seen from the results shown in Table 3, the

good bonding condition range was extremely narrow in the
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pm and a gold layer (different netal |ayer) thickness

of 5 about 0.005 pm The curvature radius of each

copper bonding wire was 40 mm Using each wire,

bondi ng was perfornmed on a 208-pin QFP (copper |ead
frame, silver spot plating) with a |oop Iength of

about 4 mm by applying a |oad of 80g, while varying

the ultrasonic energy, by using 10 a bonder (Model

EAGEE IR0 Grakufdticl dehey0 A@Wﬂl% sheength rudpngreater

energy. ran od ndi_.ng condi.tion ran t.hin

i 1B Lt 28 o 3 ARt &, b en the
tai f 1 ot

o A ghei Aondegﬁwess £ 5128 8, e

JortHé}J UL Y 000 l/?&v:ﬁd(élr@m bdh@ifigStbhaiaien

shown in Table3 The yield strength here is the

aneargeg awaml aletainfed hion vidhel esxpdt Bmemets a3 d@d pé)i it swhijch the
pulling a 100-nm |ong sanple at a rate

of
2R kel d TR i ISR T ks et 60 ol%% Pépy' put not

str eq%gr ‘%}WPQ?O ﬁWSO‘; 1530. 1600. 178 (m\V pm Good
[

100- 14080- 16080- 18080- 18090- 170120- 160 (U trasonic
energy range) As can be seen fromthe results shown in
Tahinp%e 4 he good bonding condition range was
extrenely narrow in the experinment 6 in which the 0.2%
VExperimerigth wad greater

A film of gold strike plating was formed to a
thickness of about 0.04 pm by strike electroplating on a
copper wire having a purity of 99.995% and a diameter of
200 pm., After which a film of plating of each metal was
formed to a thickness of 0.8 pm by electroplating. By
drawing this wire, bonding wires were produced, each having
a copper core diameter of 25 pm, a gold strike plating
layer (different metal layer) thickness of about 0.005 pm,

and a metal plating layer (coating layer) thickness of 0.1

nm.

Experiment 4

A film of gold strike plating was formed to a
thickness of about 0.04 pm by strike electroplating on a
copper wire having a purity of 99.995% and a diameter of
200 pm. After which a film of palladium plating was formed
to a thickness of 0.8 pm by electroplating, and then, a

film of gold was formed to a thickness of 0.16 pm by
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than 0.165 nmN/ pn2 and also in the experinent 1 in

which the 0.2%yield strength was | ess than 0.115

nm\/ pn2. On the other hand, a particularly w de good

bondi ng condition 5 range was obtained in the

experinments 3 and 4 in which the 0.2%yield strength

was not |ess than 0.125 nlNV pn2 but not greater than

0. 155 niV pn2. Exanple 4 10 Experinments 1 - 3 A film of
gdleg- totonilet igigu | By Waawiogmddiiso wi rethiac fogasgsings wire was

about 0.04 pm by strike el ectropl atin 0
mo&q%ﬂn GV iig ia ycceﬂpea@ A, GARMCLoF et BF: 308eLd

Al B P LA e £ fi%'g?at.nmé&és of

cartﬁwtnq; ldus W & et dBavg F&tﬂ&%elﬁ@ﬂup&%tﬁ@@hlayer)

having a copper core dianeter of pm a gold strike
Aratidkigesd ayero (i eraani arsjald | ply@ting hlzkeresécodting
about 0.005 pm and a netal plating |ayer (coating
lapan) B okHeres hflayer) dhighneserd nerR2 44 fi | m of
gold strike plating was fornmed to a thickness of

about 0.04 pmby strike electroplating on a 25 copper

\ﬁ}{p%&lr}?&/ér&g £ purity of 99.995% and a diameter of 200

er which a filmof palladiumplating was forned

to a ticlgiessady D dolnireeRsiimplatpndl tyarsk t9egos and
a filmof gold was forned to a thickness of 0.16 pm

y dleacttreoplclt i 200 1By, dx dwemiindiwivg reavindondéemge diameter
wire was produced, having a copper core dianeter of

of F?fﬁ B 96 produced.

{Method of evaluation)

To evaluate wire drawability, (1) the life of the
wire drawing die and (2) the presence or absence of
cracking or delamination of the coating layer on the drawn
wire along a 10-m length thereof were examined. If the
drawing die wears during wire drawing, the surface of the
wire wound on the reel begins to appear glaring because the
surface roughness of the wire increases. The life of the
drawing die in (1) was defined in terms of the length of
the wire (final finished diameter} drawn until the glaring

appeared.
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strike plating layer (different netal |ayer) thickness
of about 0.005 pm a palladiumplating | ayer (coating
| ayer) 5 thickness of 0.1 pm and a gold plating | ayer
(coating layer B = outnost |ayer) thickness of 0.02
pm Experinment 5 By drawing a gold wire having a
purity of 99.99% and 10 a dianeter of 200 pm a

bondi ng wire having a core dianmeter of 25 pm was
prajdced. (Method of eval uation) To evaluate wire

drawabitity, (1) the tife of the Tp WTe aravvl ng-die
and (2) the presence or absence of SRR g or

del am nation of |thejcoati ng hayer on the drawmn wire 5
along—a—-10-m-lengt-h-thereot—were—examned—H—the

‘Uo@é/\ﬁnﬂ_gridii e Wea'SCQ;bHef ng ogp&lfaw ngCo;ipBle sur tagger of Gold
the wre woundjon the reel egins| to _appear glaring

UL 120 IR IR, I, ST T o | o

Tlgsﬁgajﬂn tﬁe M of the |ength of [the Wire (Tlnal
] ter)2dr awn untdob thel gl aéiong appead ed. -
'Fg?} "€ "W Experi nent 12345 Core

k&L bpper Copper Copper Go| d Coati ng
t f{g’{%g@%gdl

MRLER imP¥inead| unPNaRd nunPal NeaF unNoneGeld None
Mickers hardness 0f2104p0650210 copting | ayer—Mat-er-al
dflcl@tﬁdta@i fieNoneNoneGpl dNone ] 50 _

coating layer

(1) Life of drawing die | 200,000 m 100,000 m 50,000 m 300,000 m | 600,000 m

(2) Presence or Certain amount | Cracking/
absenpe of o None of cra(.:km_g/ delamination None None
cracking/delamination delamination | occurred

of coating layer occurred

In the experiments 2 and 3 in which a material having
a Vickers hardness greater than 300 was used for the
coating layer, cracking/delamination of the coating layer
occurred, and the life of the drawing die was short. On
the other hand, in the experiment 1 according to the
present invention in which the Vickers hardness of the
coating layer was 300 or less, cracking/delamination of the
coating layer did not occur, and the life of the drawing
die was long compared with the experiments 2 and 3. 1In
particular, in the experiment 4 in which the palladium
layer (coating layer) was covered with a gold coating layer

B, cracking/delamination of the coating layer did not
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| ayer B Vickers hardness of---50- coating |ayer B (1)

Life of draw ng di e200, 000 mL00, 000 nb0, 000 nNMB0OO, 000

n600, 000 m (2) Presence orCertain anount Cracki ng/

absence of Noneof cracki ng/ del am nati onNoneNone

cracki ng/ del am nati ondel am nati onoccurred of coating

| ayeroccurred In the experinents 2 and 3 in which a

mat erial having a Vickers hardness greater than 300
wecusedrdrthael e ol i the | dyawing die was longer than the

cracki ng/ del am nation of the coating |ayer occurred, . .
ARPYro. Pee 102 HETE SRAMGTIE® VR (LoTToq T Practical

[ . er| . dj t .
oY hoag bl RELT LIS P S SRSt Bhsp 4 tne
Qadd NoE | Ve rgdBs Ok Of e SSim&n 8CK) NG/ del am nati on
of the 10 coating layer did not occur, and the life of
the drawing die was |ong conpared with the
experinments 2 and 3. In particular, in the experinent
4 in which the palladium layer (coating |ayer) was
covered with a gold coating |ayer B
cracki ng/ del am nati on of the coating |layer did not
occur, and the life of the drawing die was |onger than
the above. The life long enough to suffice for nost
practical purposes was obtai ned, though it was
shorter than in the case of the gold wire (experinent
5). What is clained is: 1. A bonding wire conprising a
core and a coating layer fornmed on the core, wherein
the coating layer is forned
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5 froma netal having a higher nelting point than the
core, and the wet contact angle with the coating

| ayer when the <core is nelted is not smaller than 20
degrees. 2. A bonding wire conprising a core conposed
mai nly of copper and a coating |ayer fornmed on the
core, wherein the 10 coating layer is fornmed from an
oxi dation resistant netal having a higher nelting
pBiatt ishanlaimedors:; and wherein when the bondi ng
wire is hung down with its end touching a horizontal
surface, and is cut at a point 15 cm above the end

alnd th YS l% d"ql@g tnﬂjo J_I'EC}L oeptcaclr rrdacae c% rg layer

curvature ra I‘ITE I‘C IS mﬂOI‘

Forhea RADAHY dbre, a,ﬁf@féﬂirngtﬁ@ &AL LafeFeid f@ﬁmed
curvature radius of the fornmed arc is 40 nmor |arger.

& rofn Eomek el Wiavel o nep rh sy aneit on @ opguinste dt: g ntlye ofore,
copper and a coating layer fornmed on the core, wherein
tarel the ot |cwgmqgﬂéran$1¢ oy therFeating dbiyen when the

t.ant h h |t t th th
S5 EhaTRELiE AT Gabbe et nor
I I . t J}_‘aéh
ﬁ'z;\'l/]rapnrg.rA g’%@ﬁ%% JI'% W rrel@g'f:n o%lcg{gre?o&{:nilﬂal m 4 qnél%y of

WRIRIIN dite a Zodkidlg Yifldk stdandd Nl StH®tcor@) |\ierein the
than 0.125 nm\ pnZ but not greater than 0.155 m\V pniZ.

goak ipgndiayemiire fomprd Simgn aarc oreidakiien coes isigant metal
| ayer formed on the core, wherein the coating | ayer
NSRSy R “fﬁa‘tta’fn%éiﬂlrwt My Hre I nPHbi ‘I’ﬁerem

twﬂarﬁctgglt% ore ﬁlerVg]%{)ﬂgl nul{gPedo\an?kv?lrtsh J{a{éjneeéé touchlng a

horlzontal surface, and is cut at a point 15 cm above the
end and thus let drop onto the horizontal surface, the
curvature radius of the formed arc is 35 mm or larger.

3. The bonding wire according to claim 2, wherein the
curvature radius of the formed arc is 40 mm or larger.

4. A bonding wire comprising a core composed mainly of
copper and a cecating layer formed on the core, wherein the
coating layer is formed from an oxidation resistant metal
having a higher melting point than the core, and wherein
the 0.2% yield strength is not smaller than 0.115 mN/pm’
but not greater than 0.165 mN/pmz.

5. The bonding wire according to claim 4, wherein the
0.2% yield strength is not smaller than 0.125 mN/pm’ but
not greater than 0.155 mN/pm?.

6. A bonding wire comprising a core and a coating layer

formed on the core, wherein the coating layer is formed
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7. The bonding wre according to claiml or 6, wherein
5 the core material is conposed mainly of copper. 8.
The bonding wire according to any one of clains 2 - 5
and 7, wherein the coating layer is forned froma
metal whose nelting point is at |east 200C hi gher
than that of copper. 10 9. The bonding w re according

to any one of claims 2 - 5, 7 and 8, wherein the
sy &t it Perhaming @ dskohe® tMehking apeint sthan the core,

% pnt. or rmr 10. The ond n e accordin
SR SRR iy ettets nprmyess goe (LA SEEPLRE CBoySr 1o
Q,Q{Hadpslcm&er eI enents than 15 copper in a total

amount not smal |l er than 0.001 wei ght percent but not

I-ar ger mhaamohdgig i RerLaaiirdfl gttty aclHim theomes ghtherein
of the core. 11. The bonding wire according to claim1l

dthes, casteemi@ teriake toreompesed ahaisly owposeppesri nl y of
silver. 20 12. The bonding wire according to claim®6

vihi ch F&@ 5’0‘@6'-&&9 G-I yRTC B GuE £ %rkiér%n%aﬁ‘%rf'e]s%”i‘%

150 out.side of.the coatin er

r}ﬁ) ell'fli%thel'hce PoH n]gaW$e %cc%%ﬁ?%g%?o c am'?ntal
%oé@%&ﬁ d“repo:maﬁ efd At fLad 2600 I ﬂﬂgl‘:é‘]‘z‘efh&' fhat of
gold. 25 14. "The bonding wire according to claim12 or
hppéaerein the thickness of the coating layer Bis
smal ler than that of the coating |ayer and not | arger
t%han om:@znqn@@g el ren age ot e o amz Olrrﬁa %r@léh?gns 2 -
wi re accordin o any one of clajns -

wher ei
the i fy YEre T VIR fRkPReBhioh feg s Unit CRos 'sectional

area is 0.021%/pm Oor more.

10. The bonding wire according to any one of claims 2 - 5
and 7 - 9, wherein the core contains other elements than
copper in a total amount not smaller than 0.001 weight
percent but not larger than 1 weight percent relative to
the weight of the core.

11. The bonding wire according to claim 1 or 6, wherein
the core material is composed mainly of silver.

12, The bonding wire according to claim 6, which has a
coating layer B whose Vickers hardness is 150 or less,
outside of the coating layer, as the utmost layer.

i3. The bonding wire according to claim 12, wherein the
material for the coating layer B is gold.

14, The bonding wire according to claim 12 or 13, wherein
the thickness of the coating layer B is smaller than that

of the coating layer and not larger than 0.002 times the

wire diameter.
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conposed mainly of at |east one el enent selected from

the group consisting of palladium platinum and

nickel. 5 16. The bonding wire according to claim 15,
wherein the coating layer is forned from pal |l adi um

17. The bonding wire according to any one of clains 1

- 16, wherein the thickness of the coating |layer falls
within the range satisfying as 0.007 ~--- Y~S 0. 05,

wer e Fhe (b@rn@gglglov@@btamdlmgaat%fa%aﬂww# a§f3bﬁ\lms 1 -

Hon ST dhe Nt (ag AR 18 AmEnG S EoRar SR o
Wﬁe{@ rﬁaﬁtrﬁ[ry @Peapflééﬂ r@né‘ e érzenimg%ﬁégtéd from the

er ent l'ayer i's prOV|ded et ween core
e diiatd tithd e rpalbadfum Api ot £OGmR] edndi Atokél .

evice that is produced by wusing the bonding wire

dacor diThg ttenshiynona e adaombing tk8.claim 15, wherein the
coating layer is formed from palladium.

17. The bonding wire according to any one of claims 1 -
16, wherein the thickness of the coating layer falls within
the range satisfying as 0.007 = Y = 0.05, where Y = (cross
sectional area of coating layer / cross sectional area of
core) in the cross section when the wire is cut vertically.
18. The bonding wire according to any one of claims 1 -
17, wherein a different metal layer is provided between the
core and the coating layer.

19. An integrated circuit device that is produced by

using the bonding wire according to any one of claims 1 -

18.
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