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*159159* BONDI NG W RE AND | NTEGRATED CI RCUI T DEVI CE
USI NG THE SAME [ TECHNI CAL FI ELD] The present invention
relates to a bonding wire for 5 connectlﬁﬂ el ectr

on an‘ ot sgrared o rour oeutce (| NN "

transistors, and the like.) to cond
circuit wiring substrates (|l ead franes, “«casam c

substrates, printed circuit boards, and the |ike),
ABONDING WIRE aND dNTEGRATEDY CIRGIT MEVICH&SING THE SAME
usi ng such a bonding wire. 10 [ BACKGROUND ART] A bal
bondi ng nmet hod that uses bonding wires is enployed as

t hQ ti i nt ted ci it d
A B AR FIREB g boara. 16 The bal | bondi ng met hod
'bS a C%?&%s%mc%%g‘t &ngo‘?c%ii%te% Wi gh bb%]i%:gd wilrel for
onding W beil ng gui a novable capilTary

(irRidlfrele 16 HrRlidd @n' k&iﬂd.rﬁﬂadx%ﬁ 3 cirﬁ:d"iﬁ:' i®Aride (ICs,

an electric discharge between it and an el ectrode

L Ish ttoranedmtodsal langh theatlidked,) dfa erondhiadiiveharir@® on a
bal | is pressed agai nst a flrst bondi ng point to form
£ineait %‘rﬁi-"cgn rahes tHad \ﬁfﬁqn@ﬁ‘veé%ﬂwléfutsqbﬁé:rates'

iead S L, N L TR Sen

tdrfr%.rﬂ: tdd cﬁq:tcu:l. Iq&RA)ce Aditlg tﬁfcr{:%gﬁﬁfdi% hiire.
nmade, ondi ng to I's 25 [1fted up, the wre

is puIIed by clanps to cut off the wre.

[ BACKGROUND ART]

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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If the first bonding point is on an el ectrode on an
integrated circuit device and the second bondi ng poi nt

is - 1 on an electrode on a circuit wiring board,

or if the first bonding point is on an electrode on a
circuit wiring board and the second bonding point is

on an electrode on an integrated circuit device, the

el ectrode on the integrated 5 circuit device and the
encan’ @lectrodes ot faC witrcuiti mi ridgabdaatds or if the first
electrically connected. So far, gold has been used as
bleadimde Podintf dis AsoR@i e emitrede o asiciceudd wirgng board
expensi ve, bonding wires ,made of inexpensive copper
B0 pbe BEGENy AAIMSE RAVE thdsn oF0 e rdrsieadeoss an

HRRAHL Bl s REVIRE R IFosThR o spl ntegrated

CARRRY tD ARG /e TheA A eldt@ o0 ine Fhel Alrdul® Wikdng
is not suitable for long-term storage because the

\bloazds wirfea @d ectadidal lyx icdnnesstesdind t hat oxi dati on
proceeds due to heat 15 conduction fromthe substrate
duri ngSeh&agoengcdd, hassheennysednag §bgr Bagierdalofor

ondj.n ality apanese Laid-open Patent Publigatio
AR JEs  mRIReE° g 18P Sl aie 220 iR, Hlres
AR de S £ AR xgBisAe?lcope ([doppe® Hondaned wiird: )@ have been
nobl e netal or a 20 corfosion réesistant netal, such as
@ivd 1 opdaseonepIstichn ondipd Wadieuds diskaloseanbdor, example,

chromium or titanium It is «clainmed that such a
Han diapgnsisee Hag ends Pubddaadiipn Nean 08-28382. However,

copper bonding wires have the problems that the wire is not
suitable for long-term storage because the wire surface
easily oxldizes, 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 1nventors 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 but
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gold bonding wire and yet is capable of form ng good

bonds free from surface oxidation. 25 The present

i nventors have found that the copper bonding wire

coated with gold or the like has the problem that,

when the dianeter of the fornmed ball is small, the

bal | shape does not becone a true spherical shape but

2 beconmes a spear-like shape, and al so the probl em
bleaiomiclse a speardldike Ishiapeqf anlde alalol thleaperobiem that the
unstable and the bond reliability decreases. To sol ve
reprodycdbidity ofe theedadd ishadst diss upskabdeopdsedhg bond

FRETOAICABISHLY Offc thecdorl ishan des atebico)
redlaPd iy aiorRRmeRy nronFahie RaPEFnBERBIARSE nEhe
GRRARG 1435t ots. WS RRpited & Bongll Widkhal the

[‘ongation per unit cro tional are

Qnadh¥terd zela dncahert @A0XI/da3E 6H0Abs1sthaR tPiRIRNt having a
i nventors have al so proposed a copper 10 bonding wire

tdahed wellltipg pedindmtivant lteppeze 1s cis&daasertheedoating
that a different netal |ayer is provided_ between the
dédethg andy dn dbat tdec SlOngst ion: pefgyupdde £ross sectional
prevent i radation of the t ' when

PaRA g Sone iR o sertes Fird: g0 38AEOARRanc ng

adhesi @felpRekieeinlBR 628! hATe! 8186 PPBpbRBACEr Bopper
(PCT/JP 035r03492). Furthernore, the present inventors
e ialgs wiren \cositiegn wddt hb 3ladl 1sidamm roeprob@dudiilke,i ty for
bonding wires whose cores are fornmed froma materi al
shismacteqi zeshdar thatd ac Sdif&enginth me tigdt daveirt figr Pnovided

&’?ﬁtwg%té\q%ﬁ%%tthg’% S.?a{yr%rgo tt‘f'nrei aclzlo're oar rs%% | tp’uJ:'iptoses as
preventing degradation of the plating solution 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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bondi ng w res al so, when the nelting point of the
coating layer is lower than that of the core
material, the ball is formed in a spear-1like shape,
and when the nelting point of the coating layer is

hi gher than that of the core material, 25 a

di spl acenent can occur between the center of the wire
and the center of the ball. In the case of the copper

herdingg avhighetrhmellaling podpe kbaonesppleablis wsed as the
oxi dation resistant netal having a higher nelting

coiatinghdayespp@nd $hesedoagation peat uagdt greoss segtional
t he eIongﬁFioquer unit cross sectional _area of wre
r

preg 0% Yo 161 OgfedtdPm HBhedEPatRhen HoWesipeWhen a
g&gﬁe%JHMd&in d&g@%’%gﬁgbgﬁgﬂFbﬂ% atQUQZg%‘%N%Zg%/?HQ or

ter 1's pr occurs e probl'em’th

fgrRRdeR Qs PrAUMTAON tReREe T HRE e prioWletlthat the
reasons as |imted annealing conditions. Accordingly,

iftreleslothe ifr @aodue tiony ipoe ca s6o deer cased fprwisueht keéfasons as
has excellent ball shape stability regardless of its,
digidad ennedldpgr sordiitdons .- \Weaoraéngbyvel ek dasdred
opper ding wire is ed the,reproducibili f

e Bl 48, A oltest; R R et CRl e batt
S %V%ﬁ:gbqliti QUHE s B lirtté“aerlorﬂg%\ﬁ%h' gation

conducted by the present inventors, it "has 15 been

fonatrdteati stdie .copper bonding wire tends to incur the

short tail or no-stick defects described hereinafter.

The sh¥hent &ghe abbyetmentiohedncoppesk bonfldog wilke Bs used,

described with reference to Figures 1, 2, and 3.

i e i PO O TSP SR S s 60 the

bond reliability improves, but according to a further
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 1s 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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20 fromthe second bonding to the formation of a bal

for the next bond. As nmentioned 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 clanps 4 are

cl osed; here, the bonding wire 2 is pulled 25 by the

clanps and is thus cut off at the second bondi ng

RN £l thel BohaidghkpbolSEnagtelre thendundingg! and @ new ball
being lifted up when the bonding wire 2 is cut, a

gr &oar ithed nexénpail lobopdndisngowmed @taithegpndeefi the tail 6

extending framthe end of _the bonding toogl 5 after the

Bit EPngLoHa1E ACBERGS PeRBeePnd tnaRO B SIBETde. torch
f.or t nd of the tail 6 by an electric

gié?ﬁ%?%? Eggvgén it and the electrode torch 8

(Fi gur gogkebt, asHIWBWA ina?igheém 3i,N1Fi gHeepdndifigt Here 2
bonding wire 2 is cut off before the bonding tool 5

i% lcuftt ed fupefore theedondiad heodhts (s Jufeed( ap) to a

the tail 6 extending from the end of the bonding too

priescaibeds hedghtod Fdgurei B3 (@) )i.s ther fad 1 6 gxtending from

3(b)), resulting in.an inakil.i to form 10 the ball 7

ftéﬂﬂ)ﬁﬁ‘é‘ Ot e &% 3t %W&Pﬁaﬁ%ﬁ%f Of ngytpil 6
I S i e W.1-% iz f 45 4

A e A o AR PSR any 1) e aep e e fomm

defes Wa 11N MWHEN theb@lekt Hallobowd lorf dnetheld Hormatiod of a
second bondi ng and the 15 connection cones off after
ttied lbemdiligr dhavhdhe ispecidded 4$1z8s nBhibsodefeabois, known
t he connection between a bonding wire and a wiring

S dheasbogt ad ] idef et -nade by forming
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
4.

As mentioned above, the connection between a bonding
wire and a wiring substrate or the like is made by forming
the bonds by applying 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, 1f 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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the bonds by applying pressure and ultrasonic energy

20 sinmul taneously. To acconplish a good connecti on,

the wultrasonic energy, pressing load, and the Iike

nmust be controlled within a suitable range (good

bondi ng condition range). However, if a bonding wire
having a high defect rate is used, there arises the
probl em that the good 25 bondi ng condition range is

azel ¢ontieliiled &athihi ¢hecg@oodobondihbi contitien range, the
i npl enenting the ball bonding nmethod. Further, in the
sunbesf of Bameisnghei bendiniangan hlegnew@omeék ipr sygeession
tail defect rate, even if the condltl%ns 5

88RERESPEI PREANSE Offe tY608SERERPRGSC 8 it dpgﬁé:gs
successgg§§ Oﬁtt&geﬁe%qgegpQ%'g%vgﬁgpb% E%?énce Opdﬁng wire

'‘décr éases because e-occur

o edebee! 15 AoRPOFAIMainlly oF ¢oppeed EAAIMNACAP ddes not
copper bonding wire 5 whose core is conposed nainly

el sddgpdancuandowlsitdlckd oes short dadill deiflecdis .no- st i ck
or short tail defects. For the production of a bonding,
wi re whesether prpduckdgnecefnat hoadéeat whge| yhepeofroge is

net havi.ng a higher. .neltin ol nt _than the co
faedech il o et 1Ry, o Pong tay BRvia § kioner

tll?: gg' %oﬁml %%9{1 't'i‘le""‘?:‘o‘i:@ ?nattlé'r‘il&l lay ?r e‘%flciiﬁf?stl%I I's

as a coating layer by electroplating or

rdiétshﬁd.béﬂl ,a prieifeltabilye & alethdd iemempleyed annmﬂrahala, thick
the coated wire then being drawn a plurality of tines
tlayest @ifn met@lddsi fedmeid @sdiaaseadingndayer @Wér
t hi ckness. The conblnatlon of plating and wr

SRR I G STondg SRThods o & (i mirg; formed from
q:@l'ef %ro'Pet ¥naterial, 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 out 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 frequency of occurrence of



10

15

20

25

in thickness and snoot hness of the surface;

furthernore, since the nethod ensures good adhesi on
between the core material and the coating layer, this

met hod can alleviate 20 the probl em of the bonding

tool becom ng clogged with flakes com ng off the

coating layer or the different netal |ayer. However,

a high nelting point netal is generally difficult to
¢iiade, baeadkist iisS hpghnt afdotthet kdielidhdasmiblkad 25 havi ng

t he above-described excellent features still has the

f ol | owRagWprebAsawingt dies eashvcWepnpr andntheslife of the
needed. 1, Conpared with gold, the frequency of
3&€§rg€n§?°ﬁﬁ‘6 wire breaks is high, and the yield is

| ow. 2 ' r awn ' Ll d life of

the dres"PiiSn Sk Bglkpizaty, ke BB AAB 1 VEr
dedlamialtave is deliadeast it ries 1e@dtaad, theepdsisibility
still the possibility that the coating |ayer may

datti ahley coladiimgoflayer oaycipardiaidy ddelke offt loee cracking
coating layer during the wire drawing. 4. The di aneter

JaVt PSCHrak® hihee CORE 1Rgr JayeghfurHag [theg rendraying.

or the crgss-gectional shape qof the drawn_ 10 wire.na
devi at 41 1B BRETEFEE PouRGSsARRUD TRECOPEB AEY154RRY the
a.eln%q:‘i’l LR JAGFEAZES thid g:rr%@léc-ts'e_‘aﬂ:io‘h‘&&t ’sh\ﬁgﬂel ot BMe drawn
probl enms 3 and 4 cause degradation of bondi ng
Widlfea fiag ideiviiate( Hatom e &rue toundkhape.l to 4 are
call ed the "poor drawability problens").

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.




10

15

20

25

15 [ DI SCLOSURE OF THE INVENTION] It is an object of
the present invention to provide a bonding wire that
conprises a core and a coating layer fornmed on the
core and that has excellent ball shape 20 stability,
and in particular, a bonding wire wherein a

di spl acenent does not easily occur between the center
of the wire and the center of the ball. It is another
obj ect 1af isha fuether bbyeoti of the presede anbending to
wire that conprises a core conposed 25 mainly of
oFgyddeand benddmg Wi reayhatf compriges: ife cOgtdndadayer
t hat has excell ent ball shape stablllt and does naqt

é&ﬁ“\%ﬂ Pﬁ’c&hea corsrt the cogdiag layer bedng mgde of a metal
ﬂ%&i h %&tmefflné %01 etQ an 3 %FEO&% H%%erial, and

ese I nv onto Ing wmre

e:@mr |i%e$r%eCQ&Unﬂ§:ﬂea)é%vef-@@§Q£i‘i%dt R oE0dawaba 11ty
coating layer being made of a metal having a higher

palobilemspoi nt than the core material, and 5 that is
free fromthe _ above-descri bed poor dramability .
probl e, 16t al§oapBooRiesl) eét the Presgpésdpvention to

RSB B, H A R Y B oy
i nvest |sgug| ogglbwr{%ntgrqg]s%%?b: ﬁ\r/rg]nt Qrs ahggsglobngftﬁgt i f
tiMeangt it ISdlyind rtheh@moblemsdl of the coating
| ayer (coating material) when the core material is

As a result of an investigation, the present inventor
has found that if the wettability with the material 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 materilial 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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melted is poor, that is, if the wet contact angle is

| arge, 15 the problem of the center of the bal

becom ng displaced fromthe 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 20 foll ow ng

dardirt iformed) oandh2) catre ,ushérieinc aitel kakitdng dagerhds
conpl eted the present invention (first aspect) based
dormed; Fromai metal) havdngelet hig meldfingh@odsdt ithgn the

1 Sl LI B 5, 50 BT wnor

g%% epa ) Q%SﬁF%QEP.is”%b&engilggltigﬁlb%rdbgqge%o

egrees. rst aspec t he present

Inventmﬁe,wbhebentac@raﬁgdedwathoaﬂeneowt&ﬁgcQaperswnen the
a core and a coating layer fornmed on the core, wherein

idoarec dat med tledy eefiexs ftor tbe coamas tmangllehahieng aa lump of
hi gher nelting point than the core, and the wet

Ebet &@Efeaﬁ'glt@r\ﬂnatlh MoE tedla OFn dFhiea FoR timeh matea igdr dsi s

| | h 20.d
CPIat eI Yg e Lo B BeRearitn ) Ay EPTRIEAE Tighen Shan
Fle! ﬁ@lrtq_fn%r iRt R N okred e HAAN aMH:'Hpsﬁéciﬂ.‘Sally,

core nmateriall nounted on the coatlng mat er 1 al

danplsettdley comltiaed lndleaineag uire da whemp ehat ltmd@r@lwre was
than the nelting point of the core material. Mre
Nedsied edl lay rat@ iof 59° Ofaiowveadtt &0glae pedaduddd Cvirdgher

i SRS e SRS e e et SR b W
the e9ike material had begun

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 1l(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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to nelt. When this contact angle is 20 degrees or

| arger, the 15 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 fromthe center of the
W re as shown in Figure 2(b), resulting in a
degradation of bond reliability. 20 In particul ar,

wife reuria ipp rifadtheangindliirgy winld eyrddtdy alff eddayy atm

the ball cannot maintain its spherical shape but is
fasravreanees @h télesmtaéiétid- defect] .ompdrtdhadi . devhein the

W re, as shown in Fi re 1 . On the other _hand,
J#&F SRR 1% PI j&gﬂ degres é’rrge‘?“alal%r d that

f;avor, f

[ %\/esctq}qld’g’f i ng t{ae%i(%r ?%n #‘%o%qﬁi\%@gn {\vtglr y prp strl@zﬁd
Rinait YoroflddiR iy, &N §ddsy taffi Q.?y‘ " ddirriide dffithe
defect, the present inventor has found that the degree
athomtr Itaag. cdlefidtet Mewheages » gr datve]l affaacidodshmot cause
occurrence of the short tail defect, and that, when
tth@Tafdghcad Frrahiem ngThgsa Shesdpvpagoyehnsecempleted the

4 A i) e 5900 .
i ed I&gtxﬂéorotf Rl 1196 ﬁd %hh%
pro en1 us,

IeveI oes not cause a practlc

tdiﬁ:vamtma Wadiass QIR Ebrinedl dHEeIRAng BEEhini ,Ofvhen the
(second aspect) based on this finding. The prescribed
devddan D fwider [4sndrurnar slowsf avigh d tishent) towahing &

radi us of the forned arc being 35 mMm when .t he

A9 Y & Hiftrg Tl WHHF 1A RRPIGUdAR G gbove the

end and thus let drop.

That is, as the second 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.

- 10 -



10

15

20

25

hori zontal surface, and is cut at a point 15 cm above
the end and thus let drop. That is, as the second
aspect of the present 15 invention, there is provided

a bonding wire conprising a core conposed mainly of
copper and a coating layer fornmed on the core,

wherein the coating layer is fornmed froman oxidation
resi stant metal having a higher nmelting point than

t he coPeesamdbiliger tha shentt heiboddfagtwoceurs wheg 28e
down with its _end touching a horizontal surface, and
degxge of: cargdmngt ofsthe) wigsydst Herged Re¢avses then the

to.th h t.al f th t
PEARGSoDY oERerR, ok HiEe G SR APRPI AN Enet the
d e3 I
P Uand, Sest et QHEUEEFWF%@%35£5§%§%L§ 8 ke

i vaibha 1l Fdirde %ehh €hal bon@ahng Tobdr Ted 1h¥ted wt als
of three points consisting of a mdpoint of the

appdtiledoftonithe whioe Waicir dhusndreakst.s [bchsedoBsidered
before and after the m dpoint. Presumably, the short

fthat gépreet t@@cWQP\ﬁﬁeﬁopﬁéngd@&F@elc?f "'GEPI rAgics thga the

e ca t
55 Yo et UhR, KR4 s B, el RS0, Wina no
lc%% ANgnihe LRl a@f@@h&s &9& l%xaet la%l% fbblnatm@n %r@o rl‘é%ds to
when the bonding tool is fted up is applied t
a showti tlaiflhde flectakia. thb baseonﬁl¢heedopphatb®mﬂaag wire
the copper bonding wire is nore rigid than the gold
besasg wihee friled lonr Hisndaguet v @@gﬂé‘éb@ﬁatﬂhﬂ&@l d not

hort tail  defect di
Conce TBRIBETERott LA Regirat: tPoinssaase thp  PREVature

CARR%s RRL A ¥atlre radius) in order to reduce the short
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 1s 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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because the friction is | arge as descri bed above.
Therefore, it is desired to increase the curvature
radius (the curvature radius) in order to reduce the
short tail defect rate of the copper bonding wre.
The curvature 15 radius varies depending on the

di anmeter of the guide roller over which the bonding
Wi re passes, the tensile force applied to the wire,

abd atie avbof ddly aice eiith amglek:reedy am@llds degireed of
by the wire entering the roller and exiting the
cgirldng .duri ng the production process of the bonding

20 wire, and al so gon the diameter of the spool _and th

wi ndi nghet BREFEREWABNEPEET RS FQUBH: §HEk oRSsigPgqas the
‘&g\é%r S'r%‘aiust g %t'a%b %rpéiiilg%ﬁk 0 e to %urz):rence of

r ol i nevi dur

Itthe' Shioait &%&su *de&etdt it %'en p&'el%%d:'ew 1Y e dferg‘!‘.%ef RO
curling. Furthernore, if a 25 bonding wire with

dedisc @ tddgioemeofa puobileq (nhatractice.ncrbhasedis,
curvature radius) is to be obtained, the dianeter of
tthergfioFe . M0 @ced e Fadreaseadde Sd@met e of; éﬂ?@l lgaide

HSRY SRR T G e
(ﬁﬁy q uéTQ% R &9 E%%eﬂkﬁbeﬁa a&“@% mm; this
t as ong as t he

curvature radi us I's na

cfradiamg@rt,est R e0 QRIS TIgN F Q;fond&rﬁghm&l@o@trddmdtl%f %@ﬁnpment
can be prevented to a degree that does not becone a
pﬁoMa@hia$ pihec isied@ctTioay @ff produledriemnocondid ivasd thereof .

i ncrease the dianeter of the %U|de roll er or reduce

the t eNSFRePFEEE2PIY Y ehPEi RYTVEIREr ERGSVS: 4§ 40 mm or
g%{éﬂ&ure radius to a value far larger than 35 mm

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 coating layer is formed from an
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10 facilitates the design of bonding wire production
equi pnent as well as the selection of production
conditions thereof. WMre preferably, the curvature
radius is 40 mmor |arger. Further, after

i nvestigating the correl ati on between 15 every

physi cal property of the wire and its effect on the
no-stick and short tail defects, the present inventor
hasidd toiord tdeis ttdret ymediall dtaveingg Fa diidghesr bweddi ity \paint
is closely related. to the occurrence of the short tai

ddtaittthey ipre n g (whagen Eftﬁht‘hfez%dtﬂtﬁlr%r&?%gﬂheis not
-stick 20 d tshat .t
G gt it s A L BugePBE, SERATRE £Ba0. 00 69

the 0.2%yield strength to a val ue not
greater than a prescribed value. The inventors have

conpl et HeadARs Wlird Hfeihed Hriddeintd imaitdion Based
on this finding. 25 That is, as the third aspect of

t¢hanaetsgnized nivertthagh, thened 2% yiglalistereregtdorids mpt
W re conprising a _core conposed mainly of copper and
ke ety dF - 1igh il iy Diife nody GTehere thapng - 165

SHOLRD, FAEL, SohoRTEY JABTMoR,BULSEh, BheLey' ELhe otress

ah el (0 QLW A & ddGidticn WHen ARIdA is
than 0.115 nm\ PM2 but not greater than 0.165 nm\V

Itdvibved Hrombandieipliie mdtdealprigdsantdoes andt exliitbit a
characterized in that the 0.2%yield strength is not
gt rphengmenon s Wkenpiphep honddndg wdaee Wwhoggn 00 2k6yield

:%trength is not smaller than 0.115 mN/pm2 but not greater
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/pm® is more preferable for the 0.2% yield
strength of the bonding wire of the present invention.

More specifically, the value of 0.2% yleld 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 (urnz) 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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mV gm Here, the 0.2% yield strength refers to the

stress that causes a 0.2% plastic deformati on when a

load is 10 renoved froma netallic material that does

not exhibit a yield phenonenon. Wen the bonding wire
whose 0.2% vyield strength is not smaller than 0.115

mM\/ PM2 but not greater than 0.165 mN/ PM is used,

the frequency of occurrence of the no-stick defect as
BellZmmaont thes Koaxisaandddse pardld lg¢dc teoathe, sdgess curve at

result of which the good bonding condition range can
BhecPoatdon wheren§taesd disondhafaefent easy when

i mpl enenting the, ball _honding.nethod. A.range, not

smal | oSt RafeBuESsoRnF UpRDehuLoNEE CUeBkLeR t FaY re88nt
TNveR¥dr 123014 Br%B%h@bEﬁa&o&hhhﬁf@ez%ﬁﬂw@dif¥%y_degrades

strength of thesbondlng W re of the present invention.
V¥ @ hepdeiridnedls vt tthe olatdnef 1ay2% Miselhd ght,r @angl thax the
cal cul ated by dividing the stress at the intersection
daiawabdfl it ys cams dec improyed A thiengooxr gdrawebility problems
coordinates b the cross sectional area of the wire (

©afe be Forldied)dbanmedussnagndhs herdpesse ot the sordddy
P%#%& E &g&%ﬂ%§at ?é§§ﬁ§§é§1v%ﬁ¥megﬂmpikgrQﬁﬁkﬁ%ﬁgd the

X axi and “stress axl's en a wre

FPe g nite Nehan{t 90t (1F Reirte e peldOk Dased il It8ds Finding.
rate of 1 mimnute and the [ine passes the point of
0. 2nm ThatthdsX asi $handousrtpaaapeelt bd the pressst
curve at the portion where stress is alnost 0. As a
Aayentiem.f Jiherer iisnpaeviigdad én bonddng wdagr comprdsigg a
has al sa found.t.hat .the wise drawability degrai&E 1o)
ke @M SR PRYSEoOTNE T Morthis GRES, VRST iy the
téb%bth.rr%‘é‘qg}}ért WL ed R e rdth PRy aAMaRighery
probl e
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, i1f 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
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can be solved) by reducing the hardness of the coating

| ayer to within a prescribed value, and has conpl et ed
the present invention (fourth aspect) based on this
finding. 10 That is, as the fourth aspect of the
present invention, there is provided a bonding wire
conprising a core and a coating layer fornmed on the
core, wherein the coating layer is formed froma

sotlalt loaviangl aomdjltdionselasi mgedoifior tfloaminige ther e€oaddag
wherein the Vickers 15 hardness of the coating |ayer

187880 & PR WageT: RBoW: ber £oREIdnd9s aopuiftable

%%ﬁg%P%s%? e;@FP ld t ;hﬁgp %%%ﬁeex%elhgﬂﬁas the core
Wfa%@i'a'l' U ¥ nldTR@Y %ck%’i‘?s h'&rla%ts'sc Wealkh1ih@1aqde &%Xrer

occurrence of partial delamnation or cracking of
sheudd ®eateagurayer during draw ng decreases. Mire
preferably, the Vickers hardness of the coating |ayer
i s 220Tbe boyeeent iitnventdopafiysthenepwiovdddsannlility
further |nproves Wien neasuring the Vickers hardness,
otdsth Loty Hoom e oo ti FOTED GAPESER,
ﬁ%% &%ldf% JeS 25 hardness, there are cases where
neasurenent is difficult because of | arge errors
for such reasons as the coating |layer (plating |ayer)
is thin, the wire surface is convex, and so on. In
Soxle ommdexialsi ng the sanme plating sol ution and
conditions as used for formng the coating ¥e
pl ati n§oraybe dR8Aiagh¥wirer fEdthe §e§9P@aBF§e° and the
mat eri al_.as .t

d
R et B el S blonrd G Thsl Soge Patetial® 1s
@dmﬂdykd ﬂ%ﬁhl%‘%&O@dﬁd@%.neﬁéﬂrﬁﬂe 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 1t 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
tall 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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The present invention further provides any

conbi nation selected fromthe first to forth aspects
nmenti oned above. 10 Core material For the bonding wire

of the second aspect and the third aspect of present
invention, the core material is conposed mainly of
copper. For the bonding wire of the first aspect and

the forth aspect of present invention, the 15 core
wetleneiral Hewewer)| i imt tblet caseyofpthef corki odmpbésed mainly
mat eri al . Exanpl es t her eof includetgpld silver,

@(fpﬁ@PPeret dt G@pﬁ’é‘lefl%‘ﬁ@ill‘?gtﬁarteol eFr eflemepits &hade copper

| di d
aire Sgriaingd Ry Ky o gttt Q0 s Y g o oo
gf QR Mp Rl Jlin te%u%o n%Qntﬁ&Igleag t@m Slh welgwtr wﬂdem
etoresin flow urlng resi n sealng vvever

el athieeptobltt® wedlghtth@fs il corai.| Wﬁéﬁcthéeaﬂéuhﬁ of
occur nore often than in the case of gold bonding
wimpair i®d-eishd sothiedd wdridinsithisr rapigech dood ledongation
expensi ve than gold and |s relatlvel soft has the 25

M@%@élﬁ@ﬁ pa@i \Pes obtad tealthigg ball
th uring the bondlng Fbre t he
tglral S %&%g) o ose ?r’é'le(rjﬁ y of copper or silver"

Includﬁﬁaapqageogoaihaklaqemehxsthaapeagpe& %ol wer .
However, in the case of the core conposed mainly of

copiained ins theefooreblindlivsde dteryrl ldluamerttin,t zEme,
copper are contained in a total anmount not snaller
tZHeFr?OGUGU‘l SAdivigit, SOTOBHUML LA TR, [CXYGED t Fad fpr and

&%’ qﬁgﬁgﬁﬁﬁﬁp Sﬁghghts o%ge%h%hgglggbpgg 5@8 88£%alned in
an amount not smaller than 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 also 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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inmpurities is held wthin this range, good el ongati on
characteristics can be obtained, and as a result, the

ball shape stability inproves. Exanpl es of other

el enents than copper to be 10 contained in the core

i nclude beryllium tin, zinc, zirconium silver,

chrom um iron, oxygen, sulfur and hydrogen. Wen

el enents other than copper are contained in an anount
bondimg Wdret,hdrir G.s0pteferghilepdocase, amooxddationhe

ef fect of achi eving good el ongati on characteristics,
Iﬁsﬁﬁﬂaaﬂs@eﬁﬁé @Pﬁeg eopoeéeﬁg &@ﬁ@rﬂélslgﬁﬁﬁmE&ﬂﬁl9f such

Eﬁ aﬁ& gg seh |I|%%&§f re gge%élng the I|ke
T si%h Men

excessihye @”B%ﬂgrsOfaﬁl ahilghh%Eﬁ&géan%oﬂg%ﬁlmﬂﬂang a

not only ave adver se ects on the electrical

Gigyheat felltlings pointh than? @hien&ot@s arterdelr iisalpreferable.
resi stance, but also lead to the problens that

Jihdise kd ngy o ff metad idd fiflearss diepeadinig ome thel kinduoifnghe
the ball formatign, and that the yield stren

h
|995Fe§@@§I&§JMAIFOBeeEQQE}FbeUhFﬁtEPe Fﬂr9|@ak6Fi?ﬁi§s
ofﬁ@é§ degi 4 ?e&% %gl et%o%%r aq%%n%o%f By &%% from a

rt’han e%d WthiT 1 W 0
AN YnBRee "rde@Jt 1'ﬁrg° ihe \i'se\HtP ‘l'e%ts tof20le evmrgm& than
oxi dation of the bonding wre, is preferable to use

¢Ma¢xm&amm@@ernesWBEHnsuuntaImébalthe usalli igr the coating
mat eri al . Exanpl es of such_ netals include gold,

daviesdi (e shapen 0 ke I‘?iaé-Lle!f.OrN‘P@nd-no_ttﬁ’@r aldn bonding
P AT P T e B
can be prevented. Specific examples 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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This kind of netal differs depending on the kind of

the core material. For exanple, when the core

material is copper, it is preferable to formthe

coating layer froma netal whose nelting point is at

| east 200C hi gher than 10 that of copper. Wen such a
nmetal is used for the coating |ayer, the shape of the
ball formed in the ball bonding process stabilizes,
alemeartisatsiede cdfeda fnosatheh grodipb glonsisdinige of palladium,
prevented. Specific _exanples of netals whose neltin
Qéﬁ’ftllﬁuéﬂ alal‘ldeé’s'lick?é()c RRGRBRTy hGAPPRRr BL1¥8PpefPT %‘Sher

al I at i num ni.c t al
&& 'eﬁld "\etgljl Sgﬁ'e%é:leéinekf%t‘ms%ﬁl‘ %rgﬁ rom
U&%s:.%rtqlﬂh% %@?a&tﬂa@.uﬁf A a3t afﬁldatn'l@k@l ﬂﬁﬁ be used
nickel is preferred for Use. O course, an al
Eoit ahe RYatingorlayd,e prlosideids thalte Gueth fammmjag is
group consisting of 20 palladium platinum and nicke
mmmarefsdmttam codk hes a an,ighexome@tti@mmm jthan the
g% or aother netal alloyed wiith _a netal selected

ey sthster iy Sedl dpn et mine o
A, 8% R0 dlond MR R xR Yo matn

dﬂyyhdﬂﬂidfn&h@pbnuﬂghan copper. A nmetal conposed
mai nly of at |east one elenment selected fromthe

group Jonghet gmgupf cpalsiading ofl paliadiumanglaitikem, and
|ncludes an alloy containing two or nore elenents
led PRdAdIND diso BRIl |J1¥gpae fexavd4 @p it is

tlnun1 and nickel.. Further. cop i_lver
ef‘r Lnghmsnet vai Povhich Lo Aiar TG Adegion, has

ye%‘b%rcmdﬂﬁl% et Bha HildkeD, Ml Naketter

may be used
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 easler to
obtain a true spherical ball. More preferably, the range

is 0.01 = Y = 0.04.

Different metal layer

The bonding wire of the present invention comprises a
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5 for the coating l|ayer, provided that such an all oy

is oxidation resistant and has a higher nelting point

than the core material and that the netal selected
fromthe group consisting of palladium platinum and
nickel is the main conponent of the alloy. 10 In the
group consisting of palladium platinum and nickel,

pal ladiumis particularly preferable as it is

rasixz iang \a icesadEdarss i hayempfozimies qodtheplcaineyg preferably, a
adhesi on, has _better oxidation resistance than

Hdiarentdetal daves lsquewided W%%T%ﬁﬁhﬂ?lhq tc%aret A the
| 15 Thi ¢k t As t

iR 2 an o BEB%e 5o BIEFS2RRE ek AtL hater faphd®a

fnﬁéﬂasl Wikt ﬂdl%é@'ﬂ%n?aé 'nﬁataeﬂgna%lofwents £EGh Gufld of

is preferable, where Y = (cross sectional area 20 of

cd it drAiyelrs /denﬁng W vl an@ad atting Ndyer.

cross section when the wire is cut vertically. Wen

the tAhekdddfeirenti meitalt Hayerunodefoindad seavgs, toh@revent

baII shape stabilit further roves, making it
&t e fhatiing %qldg:p’sodhé%ﬁecdalww |fonjing the

\VR ; ﬁ?l
gﬁtla lheoyr 3:‘1%& € tpglr?:gla(r)il']sovmc:ééﬁ]% Q"neesprteosent
|iﬂi€ﬁ!€d§lﬁ1g¢m Iaiﬁfesﬁd&prrféw&é:a ﬂ@tdda&uﬁyeﬂaféy @8 the
on the core; preferably, a different netal |ayer is

praxe .dedtbalwecpnffleescahe afifieclieofcbatinggabageto easily

Here, the different netal |ayer nmeans a netal |ayer
mAIPR I dihen btklerima di%rséﬂ’cerfﬂi% &ARss over 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, zinc, 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



10

15

20

25

5 the materials formng the core and the coating

| ayer. The different netal |ayer not only serves to
prevent degradation of the plating solution used when
formng the coating layer by plating, but also
contributes to increasing the adhesi on between the
coating layer and the 10 core. It also offers the
effect of being able to easily maintain the ball in a
pard ispwlarilyaprefegpabdesr a wi der range of bal

di aneters. ngﬁles of different netals_usable as_the

mat eri ape fd @n&iFPgPénFaﬂePSIalﬁﬁePliW Pﬁ&emﬁéF&Pg
o@éhnwg l%%bgakhgg!%%ht %%nkw@ co %dhﬁmkrﬁ%hhggJﬂﬁer).

i um nesium iron num ~Zirconi u
FU AR twec ls%lme mtlaiCmay! ibd uBlelC £02SHoR thd @i¥Perent
and thei'r alloys. Among ot hers, gold, platinum

el tadd ilaiie re an@nitiig  coritding lagrlelrve!.lf thiey, axienEoraredt using
their alloys are preferable 20 as the different netal
IGffieneamt pdaddmia yeftdnodksd b?oElaxamgleFuthﬁeﬁlffeéﬁnt

t he V|emp0|nt of prevent|n r#% dati on .of .t he

kg Voo e B SRR e ©
Bl il S u%g,eaeq@e it it car

easr orma passivation lFayer are pre erre for 25

lé%écﬁﬁﬁyﬂﬂﬁihgpf $HE8 T8B! akvehnwhefletpel flethlalaRefs are

pal | adi um rhodium ruthenium titanium iron,

danmedufirom itheorsamg methadni ufy thiegk@re divdmedeiusing

aII%%Hi o these preferred nmet al_s, gol pl ati num _or.
té‘ﬂ%? prigt &odgioys phatyithemafal layers

I I
PR i GRS R

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%/um2 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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Further, the sane netal nay be used for both the

different 5 netal |ayer and the coating |ayer if they

are fornmed using different plating nethods. For

exanple, the different netal |ayer is formed by

strike electroplating while, on the other hand, the

coating layer is forned by electroplating. That is,

even when the netal layers are 10 formed fromthe sane

mehdleveidf whieay aarl® -foor dedousilng idi Puddedt atl at mage of 20
thods it fol.lows that the netal layers are forned

i autee U Lndiher waTS, bﬂ?é‘ktshl On GrOoSFe sectional

ifferen f I i2m § ed
Brear 1 e vk Bssere; Pl Timle S ¥oigpT B8 pme core
th ﬁ:‘ﬂe A TNGE 1RyREET ¥ Bd.fo 3@l dﬁ.@fteQ'teto%eQ@l layer is
Usual Iy, a thickness about 0.001 to 0.1 tines that of
tprovddaid ndHeawem Jyif’]ces the theeputhesaiffepagatinebal
per unit cross sectional area 20 The bonding wre of
tieyegt.camet they @egtdmoedigviein)s excel l ent bal |l shape
stability irrespective of its elongation per unit
cross sectional area, but in the case of the bonding
W MReSe Ve & | s conposed neinly of copper, it is
p'rg‘f'e‘l\g%gl-e—yt%ﬂ'a‘t—the el ongation per unit cross 25
sect i ogalenakedayer0o®? a¥EBiR Mk talr ¥hokeC FusRelrkendirdaess
then exhibits further excellent ball shape stability.
Tilse 1568 anydieisen iserfonmeld @soddhes esttimosd]! layea iof the
deflned as the value obt ai ned by dividing the wire .
I pertdéntdde FaviaRidd %é‘”ﬁ‘réhfg‘ &’Hﬂr&’{g‘fs' and in
I FJ Al f t nt |
ﬁare‘ re%%l q:gle tlhe ec%éftsséz%seﬁ Mdﬂﬁ%eg:ao tb eg%%rnéied'
hef qre t@ié'::léﬂﬁ:e( i1 seHR1RVE o @‘oatthQ:h(éorc%atlng 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 coating 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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and the coating layer, or if the different netal |ayer

is 5 provided, the sum|[PM] of the core, the

different netal |layer, and the coating |ayer).

Coating layer B Wen a | ayer of a soft netal whose

Vi ckers hardness 10 is 150 or less is forned as the

out nost | ayer of the bonding wire, the wire

drawabi ity further inproves, and in particular, the

hi fertherhdageawingaddétden e tkeecdweé. khei goating layer,
therefore preferable_to coat the_ coating Ia{er wth a

§bet dlEfgrenfonetalckevernapifedbei soatang, Lpgexr Bysas long

ARot08, ARRTFiBnanlablt, 8035, R8s PASh PpehefEblk of the
RhobataBhe. ThE éb‘&@iﬂ&ti‘éﬁeﬁfg%ﬁe Woi £Rehast axEehl edyer,

oxi dation resistance and eability is particularly
ahaf ehebkeatlihgt hayee! B mgypeach bk tbhemedafirom majeiple
B, i.e., 20 the outernost layer, is |ower than that
dhyelrs.coating |ayer, there can occur the problem

that the ball tends to be forned in a spear-1like

shape. This problem however, can be avoi ded by

gﬁ%&g@ Eh%ftQk%k%%%%'ﬁf EEgecoating | ayer B smaller

r and not l|arger 25 than
0.002 trheeaihmetvkr 8sdiRBEbEhailYEr fieeber @hkyprébent
t hi ckness of the coating layer Bis not |larger than
Gnfebtibnnds niod wpeeidigedlgr 1ikHdeldondutg wivene aof object
the present invention may include a further |ayer in
d@dito] 8o & §Maddr diapgtexolpildy Paydre oigmeter of 15 to
qifferent ne%al %@¥Fr, and the coating |ayer B, as
AOng™ 4§ PRETEFAP®snal | ayer does not harmthe effect
of the

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 also 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 quality and is

advantageous in terms of production cost.

Production method for the bonding wire
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i nvention. The coating |ayer, the different netal
| ayer, 5 and the coating |ayer B may each be forned
frommultiple |ayers. D aneter of the bonding wire
The di anmeter of the bonding wire of the present 10
invention is not specifically limted, but when an
object is to forma snmall dianmeter ball, a wire
di aneter of 15 to 40 }gymis preferable. Integrated
ci r cui Fogethee pIodnied iione oéntthienbemdiog firehea thick layer
provi des an integrated CIrCUIt devi ce produced by

%e‘sgc AEEed Behdigy %ar"emgrril@%d%g" thick

Wdhetl Wik PIRf e VRO MR il LA TS Sna e
f&%tq&fgella@@r H aabidlidy/ tAME iforid AduaiAgadiedd) of

ternms of production cost as well as bondi ng

atectradct effars tioasnindr ddrediendlayenss iarg tdliso Honmliedy od rehe
el ectrodes on an integrated circuit device can be
dfifoctaad the dhus qdated Mimke dsvdnasre 8 plaralddive of

Eanerq? glthe |nt§g%$1 C|rcuuﬁﬁPeV|ceﬁ§§P uced by
t e

%ﬁid éEW’bﬁlsaﬂéﬂﬁkgggguéchﬂo@ ggdppggggkhgﬂe.

cost. Production met or t

RicaibiGid tarofoft kA duuid g]&ﬂ&!n@ﬁ and tvﬁr‘é( draeing Yrovides
netal plating is forned as the coating | ayer on a

tefasd legdp pesudittse inarteerinfs tdfe uhifffoamdrity nist dihicikyerss and
and the coatln | ayer B are also to be forned, thick

|SHpathngss SUTHa%8yr nf Ry thRTUETPay 18CE £hg| Bgthod
féHQH?éé”b&JHEadhe51on between the core material, the

different metal layer, and the coating layer, 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
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wire, and the thus coated wire is drawn a plurality of
times to obtain the desired wre dianeter and | ayer

t hi ckness. This method is econom cal and preferable.
The conbination of electroplating and wire draw ng
provi des 10 excellent results in ternms of uniformty
in thickness and snoothness of the surface.
Furthernore, since the method ensures good adhesion
bbiywdéenlt vepoor depasdtian. the different netal |ayer,
and the coating lLayer, this nethod, can solve the

probleHﬁBPliHe BSFGFnEhFoanBécSﬁPﬁﬁhﬁﬁoHQEE dsapptpr has

| akes ff .the a g er .ar

BRI opEPaRad B Srararsr shA0we b cBs.PoRgtry BieR ts
506 88 8ad thOanhehlng t(helaaqt 'aﬁﬁe'a@.)[ﬁb“qntbh%djglgt its
coré, an electroplating nethod is preferred for use.
Whengazlisa .f OToi ogtaie di bérdeny wetal hawyryg, ehongahban per
is advantageously enployed that for the different
n@ﬂ&lCrbaﬁeﬁesﬁlpnélcéﬁ@abyfepe@ﬂﬁdﬂmatOﬁgm@Feb|kE is

nmet hod and then forns the atln l ayer thereon .

SR ELeraILe: (g PoRGPLIT ENB8ai i PRGHWEY {HE CHEPT SPEnArawing
A t rapl n panti ¢lilsdn

BEoPerst4ter” Fhrhing) oF CORCAnd dardriaaty %r“ aHien, o the

tfhinR1f anfealyely.as the dlfferent netal |ayer are

chem cal vapor deposition and physical vapor

deposi InotheUboallling wirer ofh&hei paksénti $hvdndiips that

di ameter has been obtained by drawing the wire, the
BEFE Ry GR-Ce °I°§'P°§l?l§1 8eded vt §fafR@ReTNng Sf'-nﬂenz’ifne curvature

3BRRe, s, Bfednld b0 (e WA ¥er B2 Weldhife rotler

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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unit cross sectional area of 0.21% pnR2 or nore, it is
preferable to perform annealing partway through the
drawi ng process after formng the coating layer, in
addition to the final annealing. 10 In the bonding
wire of the present invention that uses a core
conposed mainly of copper, since the curvature radius
vari es depending on the dianmeter of the guide roller
obealwbﬂcbytbeeﬂdmdhagywbmpem&m&e&s t log tthesilli&ef.or ce
applied to the wire, and the wire entrance/exit angles
15 dur Thg Yhélgrééﬁéﬂgﬁh pfotBesbopadnguwiaeupE Fae| gesent
t hat faII% thin the prev i ousl %} refe
r’“&‘(&é‘t&&’? Bt 5o, o fPEenSaTByEet PRI Vo g CPBREE Lo
[ ensigl e, Lenakl e
A R T s RS
icontialifeldorige tarpldopper? thateriiag ,Withe \aahyadapgndiet@perature
on the dianeter of the bonding wre, etc. Further,
sindc ennie@ 1dmgy &timee atadihgs tdimeo ofamige paodaediloen.omnd the
the w nding dianeter of the spool or the like used

HosHk m&%e.sg A §I‘i’|ep|§é-d‘eo|° s tided drad ngr-of GpRBFRLLY. the
“ﬁ%ﬁ] %@ @%Jﬁn Eer qhe wé%%t T e%£13n4h h%opper

% &'Ce app i e e wire a

%&@i@a&q Yhe RfhalWerdi Itm Qﬁaqri&%t &f ¢hel @qeamogltx%gttlhe

ke. However, the preferable values for the dianeter
thtﬁhm::gumﬂxe mi]]uer odncdthet lyd etlen sitrenfgohc deapelaised @@ the
the wire can be easily obtained by prelimnary
eppealing femperatune jgad the ﬁnaeéléﬂgeﬁg"m é-ﬂ‘ctrl?@se

R Y IS R PO
FMh A KR e 018 15RY i0.118%5 mN/pm® can be obtained
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
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5 contained in the copper material, the annealing
tenperature and annealing tine at the tine of wire
production, and the work hardness at the tine of wire
drawi ng. Generally, the smaller the anmount of
inmpurities contained in the copper material, the
smal l er the value of the yield strength. 10 Furt her,
the value of the yield strength decreases as the
avaddinand ayenp & attiivee caad intge layegall g tiommeddyease.
Accordingly, a bonding wire whose 0.2%yield strength
ied eGhHnoRLEting o dd ks methed af ter dormingohe: fioatd ng
gptained by adj usting the anount of the inpurities
SHfi'ned in the 15 copper material, the annealing

te”per§5Hrﬁarﬁﬂ%sgng%akh%gco%%qﬁpaﬁ%§erF§r3@%{gh%hﬁardness

val ue of the yield strength gene ten .

@EC s @odtam ARG Rthats F2anf erired A tHel ipHdviibusaly
times before the final finished wire dianmeter is 20
cesgnided Prefisnned hahdness nange and lashigivede tar

wire by passing.it through a_draw ng die having a
SRR THRATIALS R (RS R M ARG Lot A

}gl}b%r’ﬁltg%elégﬂgnr%ql%nt dru ‘Mgbh ‘Q‘E{r%ﬁ erltmangaﬁesggli:g?.l §§ Pged,

rou I'e"WhOS€é bore dranet

e MaanyE W ildiARdpet d¥in'e ofd tHe2 PRl ing? SHARHI¥E and
wire having a small yield strength value can be
@itaiimed .coitl tieso disfed, fhecausg tihe ammunty dndy ®inds of
the core includes an electroplating nethod. Wen also
AIPATHE iefe agshitthey Dlatdnop s e taggt i d flegy lepeniding on

?&%ﬁggaF¥ﬁggks§§iE?|%hgngigﬁekgkﬁagsgggg g tSLlEQ&ELHQcan

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 formed 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
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The hardness of the coating |layer B and the hardness

5 of the coating layer that fall wthin the previously
descri bed preferred hardness range are achi eved by
selecting the materials and the plating solution and
plating conditions used. Even if the sane netal is

used, the hardness varies depending on the plating
solution and 10 plating conditions used, because the
ananactanidedds dfhati nghe idoadsingndayes plsatfiogned from a
structure differ depending on them For exanple, the

Wwedder davameh s digheraneldiing RHntEhal ithe Grie faterial
range of .2Q0 to 460. 15 [ BRI EF SCRI.PTI O _THE
PR i Y CobaTmnee (R SR mRa Y dever

AR D cdte a1 P11 MBI Rt BRANAENG WA S0 ¥ des, a

2 1s a schematic diagram show ng a processing step

ity spenictdI0H Y. i G gy eEormesd aarsd eHdtproblem of the
di agram showi ng a processing step after second
erdieny.of-ithe dalll decawinaratispldicaf dinahdtienFenter of
processi ng. step after second bonding. 25 [Effect of

;qﬂ9IWﬂR§anﬁﬂ_ r?qqﬁ;XRHQquaning met hod is
i mp em%\flllte%?ﬁgx[%' 'i)%ltlh%on%q{y %t‘ffo;dﬁ d.@;l i&fg’g} %ﬁi%glty é1rsing the

I nvention conprises a-core |ﬁb
fedEthP i cOrtthe Prbdit v iaIAC tid Z Wbnpgr1d8 a core
the coating layer is fornmed froma netal having a

heapiper's ek Ina dngl yp @ tcagper tdrel corepatsing i dyemribrimed on the
that the wet contact angle with the coating |ayer,

VERITE « G gt slsethaspqteriged it |1tdak Hdie qpating layer

(¥§“f§¥ﬁe&1from 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
continuously.

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/pm?, 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
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5 true spherical ball is stably formed and the probl em
of the center of the ball becom ng displaced fromthe
center of the wire does not easily occur. Wen the
bal | bonding nmethod is inplenented using the bonding
wire of the present invention that conprises a core
10 conposed nainly of copper and a coating |ayer
fornmed on the core, and that is characterized in that
ithe coaditgonayentriod feasiyewhenommpdemenddngothe ball
resistant netal having a higher nelting point than
230G medBAGy that the curvature radius is 35 nmor

IargerFuEQﬁe§hag§e?&ohﬁ n%?@ggglggg hgsp}gsgégbﬁﬁvaHQion

t he occurrencé e sho ect “can

RhAYitedhized tikakthaitahthe AR MATIRdBsORE the coating
acconpli shed continuously. Wen the bonding wre of

tllagrenr e300 e lieisen providesd dolod drawabiddtya and €an
conposed mai nly of copper and a 20 coating |ayer

sdondf leantly addeviate tthe probdiemsa@ferthee rilen @@t such

t he coatin ay. is _formed froman oxidation )
A Soinetha it o T, R B s T gerirmence gF wire
j 0.2% Wi . t h_i t . .
B Hhrihd 4 WiTe)atbiel 1 SHIGH rled B yapaa s
vt URA.re iadfinly adleen@asafl yoeeidr ererl ahel Nafe of the
no-stick defect as well as the short tail defect can

[did erse dusc edhordnd tdhealsoaticendeyemnmayc daridally flake off or

acconpl i shed conti nuously. Further, since the %pod
SHAFKAR T MRY OGHT dfgdhies aRatdng tlaygle durdag the wire

ST DAL AR B LA el ey a10ng
RS aRingth &Mdr@df or the 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
gquality.

As the fifth aspect, the present invention also

provides an integrated circuit device produced by using
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characterized in that the Vickers hardness of the
coating 5 layer is 300 or |ess provides good
drawability and can significantly alleviate the
probl ems of the prior art such as: conpared with
gold, the frequency of occurrence of wire breaks
during the wire drawing is high, and the yield is
low, wire drawing dies easily wear, and the |ife of

tthd sl ®aiddng megitdraned laboseat i ng | ayer nmay partially
flake off or cracking may occur in the coating |ayer

during the wire . drawing; and the dianeter of the
I ire may vary along the length thereof or the
F%%@Eggﬁqional shape of the drawn wire may devi ate

fromt hgel HHRsed4Nd nSBARS on! 112 RR’ WeSdrabed Ant Berther

case of thé bonding wire provided with the coating
|Gyt 1B b lese Witk afef dimnbee 3 ispeldfiar dxempless t e

out ernost |ayer, the wear of the dies can be further
redclall beAcatesdariese dhaljotdie eixaow lesalslis cdosest thegiesin are
between 20 the el ectrodes on an integrated circuit

RN MaaPs HeteRded ite westig cuddie Ac0Re PHdhe present
zgﬁvgqﬂﬂéﬁqed using the bonding wire of the present
i'nvention described above, the bonding wire is used

advant ageously for the production of an integrated

circuit device. The integrated circuit 25 device
ghampeled by using this bonding wire has stable

quality. As the fifth aspect, the_present invention

al so Pr SPeddRawaisn£ogmede Focifr tRLCKkE@FiSc € £p o §udBd PY
bé/leucs'tlrno%)fal']cI isngb %rhdlan%or}%ntéo%rb%% %vk.?i.%‘vee ‘h Eixnagrrpal epSLJrity 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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The present invention wll be described in further 5
detail below with reference to specific exanples. It
shoul d be construed that the exanples disclosed herein
are Dby no neans intended to restrict the scope of the
present invention. 10 Exanple 1 A coating was forned
to a thickness of 0.8 Pmby electroplating on a core
copper wire having a purity of 99.995% and a di anet er
eRas2@laced By dr shieed afdcaatdalgi mgteriiad Wwavdng a
various kinds of bonding wres were produced, 15 each
I’%&‘G-ic#@eésc 8e 1diSa met @pdoﬁu'ggagepmo nRSEREAI 1Ty LOKy &
|ckn ss of 0. mﬁre 0 bal | s ,of
ApERBRte vk heblacsh By B3 holh” it foPrsdere
Bﬁl%aggqaaufaa%w ad a6 d<aid @ %&@%@t 59/ A e Gn1e
unber of occurrences of a shape defect in which
@mdmego&hbhaxaidgﬁd ataa datel acedLfi/mdmuties CEhéeWeﬁfangle
the wire was exam ned. The results are shown in Table
vag oegsnred when dhee teamperiadureareached @g bedndr i4@F’§
used Vét contact an% e at the tinme_of core nmaterja

HEEPSRYITE £ MBRSHy Hhgn &P Rads H?@un to

2 b
e RIS B o s
Rl Qfhita o&f QM%&%CQ:@.W YN thet ad sd (@H‘le@rze 1algle, gola:
of core material into an easily nountabl e shape was

fl9acéd @mda colppetr:0f8.033t.i ng materi al having a
thi ckness of 1.5 nm and surface roughness Ra =

The

100 nm

The atnosphere was replaced by nitrogen with a purity
%%ble 1
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, all of the 100 balls formed were

defective.

Example 2
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99. 9999% and was heated at a rate of 50C/ m nute while

5 flowing the nitrogen at a rate of 1L/ m nute. The wet
angl e was neasured when the tenperature reached a
poi nt 40C higher than the tenperature at which the

| unp had begun to nelt. The neasured val ues were
corrected for the specific weights of the respective
core netals (silver: 10.49, gold: 10 19.26, and

copper {18. 83filmabifegdlBxptrikenpla2ing @est fogmed to a
mat eri al Pal |l adi um N ckel Pal | adi um Pal_| adi um_Gol d

(HoickneE Sp SiEn PO P594) PIuSS) C1SBXE( L3SAHCPPIAtingy on a
A B R N3 e e o
309 13524286 {RiERIa £film of palladium plating was formed
rate /1001/10015/10020/100100/1 0 As can Be seen from

toe ar adhildkhesBOWE 0N 8Tam.e By 8b&wing and annealing this
wire, copper bonding wires were produced, each having a
copper core diameter of 25.2 pm, 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 O, 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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15 defect rate was lowin the experinments 1 to 4 in
whi ch the wet contact angle was | arger than 20 degrees
but, in the experiment 5 in which the wet contact
angle was smaller than 20 degrees, all of the 100
balls fornmed were defective. 20 Exanple 2 (1) Afilm
of gold strike plating was fornmed to a thickness of
about 0.04 pmby strike electroplating on a copper
wibtained .ngThepyesuytef age. sbownadn Tabilemdter of 200
pm After which a filmof palladiumplating was forned
5 to a thickness of 0.8 pm By drawi ng and annealing
\g re, copper bonding wires were produced, each
haV|nq a_copper core dianeter of 25.2 pm a palladium

| ayer (coating |ayer)| thickness of QEémHﬂknﬁ gol d

| ayer (different nmetal —layer) thickn about
0. 005 pm and an eIongation of 10 156 By adjaisting 4
the—diareter—of—the—gurde—+ot-et—and—the—tensite

Kﬁnvaumsemuscnmﬂnd t he| wi r& around d2spogl, $anples 31

wth—vartous—curvaturerradiusesTwere—produced—Ustng

Wtretalﬁmnf@) bondi ng was Berfofnmedlén a|2083¢0 n CFP 2000

( oppe lea rane S TVver~ spol plating)| W th a 1{oop
Ho%ﬁbQR “Y4 15 nm by“appl yi ng'd | oad o 80g |land X

& Bl SR st Loy 1oy %0 24080 He St B | o 140

(ppn1 the nunber of occurrences of short tail defect

and no-stick defect, in total, per mllion bonds) was
exam ned cHe becdlens falom Hhewresulis Ehowes An Table 2, in
Cont i nuous bondability was judged to be good,

the experiment 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-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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mar ked 0, when the def ect rate was | ess 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 sane sanples as those

used in (1), 25 experinents were conducted by

repeating the conditions used in (1), except that the
ultrasoni c energy was varied, and the ultrasonic

avigregy gopner (hutingndines ouridi tvariouwsgeleldvigtiiangth
which the defect_rate was |ess than 500 ppmwas _.
oftliae eI Prfed. fach Rdinsh aréiﬂ@ez" cefift diameter of

f
2 '(prfﬂéalé@%iég%%ﬁﬁtléov# gty %‘% PERaRSy of 0.1
Randidith C@%:@d% F%ﬁ:)éﬁehss of
can be seen t he

from t):]e resul ts shovvn In Tab e 2,
eayrait rerdost in. Wrheh cult® at utréaradd usa difu e awas copper
than 35 nm the defect rate was 2000 ppm that is, a
dmpding aﬂilrealé'faeﬁ:w%rmmo Ysiipg eatbcwizecuboadinhgr was

eve 500, bonds i n.the case of, the experiment 3
BERAATIEY 1P w&tmr%ramﬁ%sl %ﬁegmqﬂylver spot

Ind Nan d'ad i&ﬂagge d 'E‘t{]ﬂ aepgh A
fiat );I)Pn'proved to pggeip \/Sn rreans ab e‘} g a
ded T toff WO PV arni 130 QB  tHidl t i ditilc re’ﬁeﬂ:g#)e?oy using
not become a problemin practice. The defect rate
farhdraten nfMadesld BAGIHE ARG mamrfiactiuzed & iASM)5, and the
whi ch the curvature radius was |arger than 40 mm
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% yleld strength
OnFVum ) 0.109 0.123 0.128 0.153 0.160 0.178
Good bonding condition range
(Ultrasonic energy range) 100-140 | 80-160 | 80-180 | 80-180 | 90-170 | 120-160

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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Exanple 3 Afilmof gold strike plating was forned to
a thickness of about 0.04 pmby strike electroplating
on a 20 copper wire having a purity of 99.995% and a
di anmeter of 200 pm After which a filmof palladium
plating was formed to a thickness of 0.8 pm By
drawi ng and annealing this wire, copper bonding wres
with various yield strength values were produced,
exgetiaanty 6a igopeicic dite d Rfetydre 1ot smr@qdmwass greater
pal | adi um | a (;coating |ayer) thickness of O. )

e &l &P I"ﬁ‘i/ ( 8nfr aleRt iﬁeFHF P&?&F}lmﬁﬁitcl%n%sn}}ﬂcrl the

a% wieQLé) Os%:"e@gféb%va%][%e%tsur a acH L!I.Sfl.so I@ﬁ.lap ﬁco&g) e£he

g Wre each wire,

Qﬁfﬂé}‘ RO £ plRid) 515 (vmiweg’od@%ﬂ‘dl ’cé{dl\ﬁron
spot plating) wWth a Ioop | ength of about nmm by

amrige wasa obtamichenf 80t hevedpendadetitiyg 3 lendil4 rias which the
energy, by using 10 a bonder (Mdel EAGLE AB339
rﬁarﬂﬁ kel d tEenmy) vamdathdess tihanf o 2 aiam’ahys not
ood bonqug condi tio Qange) wi t hin which the
qéacfterraﬁ ¥ 22 M/ fber of occurrences of short

tail defect and no-stick defect, in total, per
mllion bonds) was | ess than 200 ppm (one defect 15
fEManied Y4 5000 bonds) was exam ned. The results are
shown in Table 3. The yield strength here is the
Erpeayianerdisuel 0f3 t he val ues obtai ned at 10 points by

puIIin%ta 100-mm l.ong sanple at a rate of 1
nm ni ndt £118p ofa90d & sErideE Rdt 1ngz s f°rmed to a

thickness of about 0.04 yum by strike electroplating on a
copper wire having a purity of 99.995% and a diameter of
200 pm. After which a f£ilm 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

pm.

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 dilameter of
200 pm. After which a f£ilm of palladium plating was formed
to a thickness of 0.8 mm by electroplating, and then, a

film of gold was formed to a thickness of 0.16 pm by
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0.2% yield strength 0.1090.1230. 1280. 1530. 1600. 178

(M un2 ) Good bondi ng condition range

100- 14080- 16080- 18080- 18090- 170120- 160 (U trasonic

energy range) As can be seen fromthe results shown in
Tabl e 3, the good bondi ng condition range was

extrenely narrow in the experinment 6 in which the 0.2%
yield strength was greater than 0.165 nlNV pn2 and al so
ielediropd@dringent BY drawtinghthiis w@rg% wni bbddihgewdirk was
was | ess than 0.115 m\/ pn2. On the other hand, a
PHAGUGA%Gr MAVINGE ERPRSGhEaRE comatiedh of 28 gun wes gold

. . . . . 0

e S Ty R P e tak 1RYse Hhiownses of
o t 1 ]EE%.“Fgﬁ e A |

Qﬁ%ﬂ,&e foi 'Idmfﬁg'o%g ﬂs%% I ke up t :Hrﬁgﬁ\/gasl]a&(ﬁ(req?c{dﬁg} ¢ 1]ayer)

tihicdkiesss off dhautpn)). Ghara o1 Pl el Alayed Atddat 191y

a copper wire having a purity of 99.995% and a

disarent & -ofoutr@e tprhaysin)erthiidkyless fdfl @ .6¥2 pimat i ng of

each netal was 15 fornmed to a thickness of 0.8 pm by

el ectroplating. By drawing this wire, bonding wres

I , each having a copper core dianmeter of
?@{p%rﬁ&“%q‘ﬁ%g strike plating layer (different netal

| ayer) pyhigelaRAany @f gaheuii®elBavifg aa@;@ratgew 99.99% and
plating |ayer (coating layer) thickness of 0.1 20 pm
a diameter of 200 pnm, a bonding wire having a core diameter

of 25 pm was produced.

(Method of evaluation)

To evaluate wire drawabillity, (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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Experiment 4 A filmof gold strike plating was forned
t hi ckness of about 0.04 pm by strike
25 copper wire having a purity of

to a
el ectropl ati ng

on a

99.995% and a di aneter of 200 pm After which a film

of palladium plating was forned

pm by el ectropl
dledbdiendt t hi s wi

ating, a

re,

nd then, a

a bondi ng mﬁre was

filmof gold was
formed to a thickness of 0.16 pm by el ectropl ati ng. By

pr oduced,

to a thickness of 0.8

fravimg—a copper
pl ating | ayer (
about 0.005 pm

core di
di f f er en

ameter
t netal Iav

PR Einess o

stTike

a pall a

di um pl atin

1 nm ahd

g layger (

|l aver)y 5 thickn
—Hy-efH)——+H-GKh

(oRahittehl | ayer
pm__Experi nent

SS nfo
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b Bv dra

rmst;oi,@yer)

wi ng a gold
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b5 d

t Fedppéress
Wi re havi

Ofofped 2

ng a

joatlmg 5
B+ \[CE!‘

Gold

%%%%aﬁf 9. 99«

gglgm

o@@ﬂéﬁig

Plypiss |

i “Palfadium

None

e ha
oduce

i aF@F§N Th
éfﬂ%‘“@ % he pre

")

pd—of eV
thew | i
sence or

argation) 1
f e o#400 he
absence of

0 evaluat
15 vgspe dr
cracki ng

WTe

or

aw pgp di ¢

Q%héﬂﬁ&ﬁ%h
3dyeng a 10- Ie

drawi ng- die wea

f| the coa
ngti¥ene he

s duri
GHH

tWigkers/iapdaesgofind
wedtimgdavetBe 20

on t he
surf ace

ting [ayer
reome@re e

reel begins
roughness d

on the dr3
xan?h@@. I

to'appear
f the wird

iwn wre

f tGuid

ce of

None

gl api ng

I ncreases. The

qofLiifeed diawigatiers208£000 e

fini shed di anet

i fe of

er) dr aw

the drawn
| ¢6My000 mof
n until the

gdiein (
t 5E000im e
gl ari ng

1) was
(30008D m

600,000 m

(2) Presence or
absence of
cracking/delamination
of coating layer

None

Certain amount
of cracking/
delamination
occurred

Cracking/
delamination
occurred

None

None

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 ceoating layer

occurred, and the life of the drawing die was short.

the other hand, in the experiment 1 according to the

On

present invention in which the Vickers hardness of the

coating layer was 300 or less,

coating layer did not occur,

die was long compared with the experiments 2 and 3.

particular,

crackling/delamination of the
and the life of the drawing
In

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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appeared. Table 4 Experinment 12345 Core

mat er i al Copper Copper Copper Copper Gol d Coati ng

mat eri al Pal | adi unPal | adi unPl at i nunPal | adi uniNone

Vi ckers hardness of 210400650210- coating | ayer

Materi al of coating NoneNoneNoneCGol dNone | ayer B

Vi ckers hardness of---50- coating layer B (1) Life of
draw ng di e200, 000 m00, 000 nb0, 000 nB0O, 000 600, 000
rad@ir Praggk e dridey tefi ntheenolrawdmar ld ey /waab Sleimger than the
of Noneof cracki ng/ del am nati onNoneNone

@RRME nghel diLRatlonsddeneohatrosYEEdceef0dT MOsAt PHgCtical
| ayeroccurred In the experinents 2 and.3 in i.ch a
T e et OR8] At (g O the
Vasd' S Y ddit aat él&héﬂbﬁ?ént 5).
cracki ng/ del am nati on of the coating |ayer occurred,

and the life of the drawing die was short. On the

ot her hand, in the experinent 1 according to the

present invention in which the Vickers hardness of the
coating |layer was 300 or |ess, cracking/delam nation

of the 10 coating layer did not occur, and the |ife of
the drawing die was |ong conpared with the

experinments 2 and 3. In
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particular, in the experinent 4 in which the palladi um
| ayer (coating |ayer) was covered with a gold coating

| ayer B, cracking/delam nation of the coating | ayer
did not occur, and the life of the drawi ng die was

| onger than the above. The life | ong enough to
suffice for nost practical purposes was obtained,
though it was shorter than in the case of the gold
what (lexpeldimad 13: What is clained is: 1. A bonding
Wi re conprising a core and a coating |layer fornmed on
the core, wherein the coating layer is forned 5 froma

riEt al Ila\f)iorllx%i% '{yg{} ;ng @gﬁgﬁ&o iantcot]:féta%ntdh% %(?)ra"al:\’l:\i)rrl1&I layer

and thé wet Co he Coating layer

LHSEM&P ¢h I thdRId, ivhd¥dirs fald &odtialy d&féexg :riesesffoz%.ea

A bonding wire conprising a core conposed nainly o
cihyrpera anetad domtinmyg d disghdmmekt iorg tgelrcorithanviiieeicore ,
the 10 coating layer is formed from an oxidation

rangd sthehtweteteantiact mpelehivghidr the teoating nkaxerawhene the
core, and erein en t bondi n ire is hung down
e 1 i eE it eraies dran 21 dedzeetng | <

t at p,a ' d
i ot Ao g A TR HISA copitpsed rdliMly of
dopper faided cUating AmyeRr Forrdd&n thd cdi®e bGHERIN the
wire according to claim?2, wherein the curvature

reehtusnaflayer fig regreed fom Gmmoxiddttiqgerresiist/ant metal
hondi ng wi_re conprising a core coqgosed nainlxiof

QAR P LIRT e 1) ROy ATH Fe S, A TR
o i e 5 AP S8 oo
B zHKh WA dte, 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 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
the 0.2% yleld strength is not smaller than 0.115 mN/pm?
but not greater than 0.165 mN/pm?.

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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the 0.2%yield strength is not smaller than 0.115

M\ n2 but not greater than 0.165 nN/n2. 5. The

bonding wire according to claim4, wherein the 25
0.2%yield strength is not smaller than 0.125 nlN nR2

but not greater than 0.155 nNnR2. 6. A bonding wire
conprising a core and a coating |layer formed on the
core, wherein the coating layer is forned froma neta
Havam @ andtighdravigld ismdviglien mdildrinde@ciorte, thaandhe core,
wherein the Vickers hardness of the coating |ayer is
Y ofhensddt the Vigkermdiaringsse ofc ddwisnptidic | kayan is

6, erein 5 the core material is conposed mainly
g‘{oocé)ﬁp OWe: The bondi ng wire according to any one of

G} ai s phe bondANY lhf@%%o&dlfﬁ% GRRWIRA n AY :63, wherein

formed froma neta whose nelti'ng point 1s at |east

2HC dohematidraial hiai cmpoypaiainlyy Sf Yupgeandi ng

wire according to any one of clains 2 - 5, 7 and 8,

vher ei Thehdoniddagamiae geconding tes anyeomeowd] cladams 2 - 5
nmore. 10. The bondi W re accordin

i ;;432%%%18{13%@ ng Laypr; Ls dopad S fp metal
FldyS Wb ity U 3SR o00t s SRR thh that of

ppexr ger than 1 weight percent relative to the

wei ght of the core. 11. The bonding wire according to

d .ai m Ther bondingy eiire Elocordimgrdiccany one ofnMudwdths 2 -
mainly of silver. 20 12. The bonding wire according to

d aimand \fhi thekglm the elongation per unit cross sectional

area is 0.021%/pm® or 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.

13. 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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coating |l ayer B whose Vickers hardness is 150 or |ess,

out side of the coating |layer, as the utnost |ayer. 13.
The bonding wire according to claim 12, wherein the
material for the coating layer B is gold. 25 14. The
bondi ng wire according to claim12 or 13, wherein the

t hi ckness of the coating layer Bis smaller than that

of the coating layer and not |arger than 0.002 tines

tIfe wThe dYoaddngr wirelsccpydibandiongnyi caeaoforcdiadgys 1 -
t.o any one of clains | - 14, wherein the coatin Ia]?r

it of M dhes GRRtEng JSHsTsIF RaTse dTom 4

I r r | St f
AP e e ae Re b DTN rom tne
WYricup? Golsdistd i o Panibaiuhenfidtitrign, @Rt inGKeayer
is formed frompalladium 17. The bonding wire
decor diThg bondiypgondrel acicendiny +ol@ladimensi,nwhierein the
t hi ckness of the coating |layer falls wthin the range

SaAEME AgYey dodFermedyiran eallgdum.y = (cross 10
I colBe BeRdde, HiZe Blcoriing s BRY RRFe of cgine 1 -
v tiiRidedn the tHYCKMINY R WHL c%‘actqrr% Qyer FW 1Y G1thin

of claims 1 - 17, wherein a different netal "layer iIs
mlﬁ&@eb@a&qeﬁ“fgm@ &P, gowd L he 509t p8Y WAKeE. Y12 (cross

19. An integrated circuit device that is produced by
watdaned poed vf Woad ing dralery 4 eross crestdfondlaianea of
Icofg% 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 i1s produced by

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

18.
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