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- 1 _ DESCRI PTI ON
FEEErrrrrrrerrrrrrr e e rrrry el *1sQlsQ GoLb
ALLOY W RE FOR BONDI NG W RE HAVI NG HI GH | NI TI AL
BONDABI LI TY, H GH BONDI NG RELI. ABIRI TY, H GH ROUN
OF 5 COWRESSI ON BALL, HI STRAI GHTNESS, H GH RESI N
FLOMBLI TY RESI STANCE AND LOW SPECI FI C R | |
TECHNI CAL FI ELD [OOOlDE$ORTBEIpNesent .nvjﬁﬁﬂﬂﬂﬁﬁﬁﬂmmm
relates to a gold alloy wire for bondi ng wret.hat
is used to connect a chip electrode of a
sem conduct or el enent such as a transistor, LSI, or IC
t GGGID AXEEY NalRE 2R BONDIAHY WhigRE HAGAINGiHTIGH BoHH Alg
ability, high bonding reliability, high roundness of
BONART EBY orHIE! [BONDING e IshAR Ryt he L GHi RN REESS OF
flowability resistance, and | ow specific resistance.
COMPRIZY 3 1 QNI BALL ¢ HEL GHASHRA T TV ES St 51 G PaE%Hﬂ dFIéPW%@LITY
wire for wre bonding that can be _used in
t enper at BESIEARYEES r HPIé@WtéﬁE@FggﬁrEEﬁésTﬁﬁﬁﬁ
tenperature (for exanple, in the range of -20 to 60C)
20 and has a dianeter less than 20 m BACKGROUND ART
[0002] An ultrasonic_wave_conbined thermal conpression
bondlng 25 is perfofAeHNEGALaFgEE] alloy wire for a
gkﬂg‘MAre in order to connect an el ectrode on an
o an external |Iead part. A gold alloy wire

ha\&gl tr%es 1 e%%loﬁoq%q%t on N Jas g%ieqﬂ a]mlvy; AL for

gol WwTre for a

a ﬂdhr{djl.nil '1 re tilat IOUed +J c {1% VA £ Ut fode of a

he conposition of the gol d oy wre

serﬁf@ér‘r@@ét@f deasdniong: & £4.2 Rlraf¥isddr, @SI Angr RY to an
of to 1000 ppm Eu of 1 to 30 ppm at |east one of

ext@ﬁnaﬁaleg@dp@ﬂg and Hasl HiyB0i PP aBsbdhed afneelity,
being Au and 5 inevitable inpurities (see patent
higrefieseiiteg Ieliability, high roundness of a compression
ball, high straightness, high resin flowability resistance,
and low specific resistance. In particular, the invention
relates to a gold alloy wire for wire bonding that can be
used in a wide temperature raﬁge from low temperature to

high temperature (for example, in the range of -20 to 60°C)

and has a diametér less than 20 pm.

BACKGROUND ART

[0002]

An ultrasonic wave combined thermal compression bonding
is performed for a gold alloy wire for a bonding wire in
order to connect an electrode on an IC chip to an external
lead part. A gold alloy wire having the following"

composition has been known as a gold alloy wire for a

NGO
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[ Patent Reference 1] Japanese Unexam ned Patent

Application, First Publication No. Hei 08-109425 10

DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE

I NVENTION [ 0003] Recently, ,as the integration of the

sem conductor el ements has “i ncreased, an Al pad area

becones snmall and a 15 substrate haV|ng a | ow heat
borddBSi$ tviinee hasd beenHiseha s, a Tres Wdmpdditisrr exfuitted gold

to obtain excellent initial bonding ability
allldesiistance ivdaepar didyt afneopressitn trl,l sifram, and

the Al pad during the bonding of balls onto the Al
Ru pad)3 wid OG0 |pprer Renperiatiuy e3Gargbrsmedt eresateortehart Be,

those of the 20 related art. [0004] |In addition, the
Ca,deby,eased (fr bohdi np sI0 et h ahuk & doal dratd Hsoindi g gynd

the occurrence of bonding failures due to a rise of
inestigrtlrlie almpusi tstemces e paterdorcd fgrdnmerflace has 25

caused problens.in an autonobile I1C for requiring a

hi dRatenitalielfiemgnge tlle severe use environments of a.

hi gh- tenperature and a high frequency I C in which the

opefaRangpe tié?ﬁ?@fﬂaltflﬁ‘cé R%teff’ﬁcrpé%% -at5i%be ke hondi ng

failure is_apt radual |y occur due to the
Pquﬁ%ﬁq%ﬂ%uNQw1%ﬁlkﬂﬁuﬁ f2onditions, such as a.low

tenperature joint or a shrinking of the bonding

areas, it is required to ensure the bonding

et LA R
L O AP Tl

ro% gﬁs of the conpression balls is 10 Iom1at t he
bal'l” ‘bondi ng, a portion of the conpression balls are

pr @terdé%%q.yf rd the Andadadnt dshold dediilddriueeds s
the contact of a neighboring conpression bal

eléﬂéﬂ%%tﬁﬁé increased, an Al pad area becomes small and a
substrate having a low heat resistance has been used. As a
result, it is required to obtain excellent initial bonding
ability (resistance in separation of compression balls from
the Al pad during the bonding of balls onto the Al pad) with
a lower temperature and smaller area than those of the
related art.

[0004]

In addition, the decrease of bonding strength due to a
ball bonding or the occurrence of bonding failures due to a
rise of electrical resistance in the bonding interface has
caused problems in an automobile IC for requiring a high
reliability at the severe use environments of a high-

temperature and a high frequency IC in which the operating

temperature is increased. Since the bonding failure is apt
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contact failure is increasingly apt to occur by the
shrinking of the Al pad area and a bondi ng pad pitch,
it is 15 required that the roundness of the
conpression ball is higher than that of the rel ated
art conpression ball. [OUO@]‘FurthernDre, meanwhi | e,
at the sane tine the length of a wire |oop

to (eIRiaf ferd ad t@i@%&éﬁ% largt Dr ¥nd
joi ncﬁin%alt%zdccctﬁlg dEzfect rodes of the éaem conduct c?r %

corgﬁ\ﬂlc%?r% t o tde puten deadireeiRsd orantt e ¢ $aieing
bet ween the wire | -oop and a nei ghboring | oop -paralle

of tthd Mgy |0k s becones Mafdidwd kb @mdtird aHeop®nding
with the above-described states, it is required to
reImeks 1ihe, dipmiiert afcd her gold bZﬁlcﬁJrigO)st\Merrﬁgtlltseﬁ: as a
bonding wire increasingly thin. However, when the
elattaneifl wfsidwenrgsd dwd [toy e eald eduded; inwvidre tduending
coiled gold alloy wire is extracted froma spool, a
interfdoy ar gwenderiingprmeurhalt Urigherr bdrdi Adglatmf the
easily 4 occur. in the gold alloy wire. Wen the
relzoret rrti s conducted by using the gold alloy wire in
whi ch the curling or "~ neandering (curvature or
berddi0®d) exists, since the neighboring bonding wire
contacts and a short occurs, the 5 bad sem conduct or.
chilps a8i0d tHoBduEhe LOWENESs PﬁetFFeFﬁmpF§§§éonNP?éls is

- partlcul ar | when, the di anmeter of_the bondin
Lostrfe OTe (Rl LAARP G 1y 3 ST fi 26 e A dhpLls

o Bl BT R, hoﬁ 7T % e o
T
theozq‘zosmagcmfﬁo%fﬁﬁ%ﬁ% . Slp DR 408 e e o

£ ectf{el th%éec% altryéxeeggmwdafgw)ta NLINE Wy & he

elng unree romthe spool does not

sthlQﬂE_ d© de eighboridg 4000 'b%rfcf«fﬂtrﬁjéﬂij gixa@s, tihe is

strai ght ness. Wien the straightness is 1

rediistd il antshsi MGenddiesd oop wantasisrdds idie ball is
nei ghboring |oop and shorts out, the bad"

higresh ConCuct RNt deVi€ies ¢ at e et exdngp meediioen tdeel lyi el d
ratio. [00071
[0006]
Furthermore, meanwhile, at the same time the length of
a wire loop (hereinafter, referred to as a loop length) for

joining the chip electrodes of the semiconductor devices to

the outer lead becomes lohg, the distance between the wire

loop and a neighboring loop parallel to the wire loop

becomes narrow. In order to_cope with the above-described
states, it is required to make the diameter of the gold
allby wire used as a bonding wire increasingly thin.

However, when the diameter of the gold alloy wire is reduced,
when the coiled gold alloy wire is extracted from a spool, a

curling or meandering (curvature or bending) may easily
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In addition, the loop is fornmed by bonding the wre,
20 and then being nolded by the resin. However, at
this time, when the bonding wire is influenced by the
resin, since the bonding wire contacts to the

nei ghboring [ oop and shorts ut, the bad

sem conduct or devi ces are produced to reduce the

ociel ghratd oo M tin T@ppeLte L O Wieh resd bddPmg M@ncéﬂmcted
25 diameter” of the related art gold alloy wire for the

by REH N0 n @ldl Sa 2oy w1 r S0 i wh 1én rasd nedd owid Sor
hardly prob However, as the high integration of

medritee SEAG co@ﬂwéwre dew i mim?r easesss | heinkisteamse of
the chip el ectrodes of - e sem conductor devi ces
ne MECOFESN O A S0 nd Nv Df eleforttta CoPpeandvid hsder bghurs, the
integration of the sem conductor devices, the bonding
bad ssqet fotdmc by cisipy dhe ptodudsyitng tdbudditthe yield
di aneter. However, when the wire dianeter is |less than
rat2p 5 myotdiepd oopcukaebgi | wheémfthetethalied nef thee bonding
nmol ding of the resin. Accordingly, it is necessary to
witmveaddheopriopergyld (dekey nbs tkess ridfar ridd Wo ashe esipling
flowability reS| stance) of which the resin flowis
or digdndes ing ol ProvRicere everPe MOy Hae S Tkl haRCeUE hih the
di anet er. 10#0008] Even t ho eﬁgeh a gold alloy wire for

Wilf%éjm el e ingi dnre LoV gt | TR sevEr®

R R R o B A
te t hi gh f

oottt K e art e %e?'%’?ve@?%ﬁ oFF of

eGP ofh SHENELL FLETROLD LA TLERPS ARy crop ome
spé%pdé?gq{?? éc%@?ét téAstl?e gﬁéﬁéﬁkrofﬂ?g 6§t9§]c§e9érred

oy wre tends t ong erefore

to tégerﬁq@aétlb@f?h@q@@mn%ﬁ@ﬁ ehdod dr 20y doyswige for a

bonding wre that has a | ow specific "resistance and
insiat f 5¢1 8t | hei pboendrend b9 nesh et act ©risd i €61 ghlh OO0

For the above-mentioned difficult demand, the gold

lod |yyd WHeriorolte tiondbag sémecaedortdeddn pad ente
produce to reduce the yield ratio.

[0007] |

In addition, the loop is formed by bonding the wire,
and then being molded by the resip. However, at this time,
when the bonding wire is influenced-by the resin, since the
bonding wire contacts to the neighboring loop and shorts out,
the bad semiconductor devices are produced to reduce the
yield ratio. With respect to the resin flow, when the
diameter of the related art gold alloy wire for the bonding
wire is 25 pm or 30 pm, the resin flow is hardly problem.

However, as the high integration of the semiconductor

devices increases, the distance of the chip electrodes of
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25 reference 1 has problens in that a work hardening
ability of a free-air ball is lowand initial bonding
ability is low. For this reason, it has not been
possi ble to obtain a gold alloy wire for a bondi ng
wire that can cope with t e r écent 6 above-menti oned
demand. An object of the invention is to provide a

thémsré?nl%ﬁidce;rgr gl o @add e frRir@WPondine, Md:e to cope
havi ng high initial bonding ability, high bonding

witeldradididy, it dirJousdnes sc i o ession ddlices, the
hi gh 5 strai ghtness, high resin flowability

bor @Sl ptiaNghr Rikhd OWy SREG ] ithd i ance.ndvEANS dieR
SOLVI NG THE PRCBLENB [0010] 10 The inventors have

didener esarwdive, ashdro wevelioe aigetknalioyledy eHar 20
a bonding wire having high initial bonding ability,

um hitgte Horeh ng reeddidbt Al udriad rdumdressheofmolaling of the
conpression ball, high straightness, high resin

redirmowalidadndimesli st ancel s artdsmagpen fliave adiestammgerty
The 15 results. obtained by the research are as

(hefng irpit e A)r A gotat! dld @p wiasd thesl cavagonipdnertesistance)
conposition conprising one or nore of Pt and Pd of

of Efd‘@tqu Yhesraign o0 1ppha i qwttalto Irrqsuce t ¢vEI0 though

and Ca of nore than 30 to 100 ppm and Eu of nore

'th% Hh‘-rF%d‘acso 206" PprAL 4TS -are nore 20 than those of

? g@ q alloy wire for the bonding wire in the
rell@P88lart in a hi gh-purity gold having purity of

e PR oBRE KT BPPABTE by <

dness of C ression b II hi ah
Whlci}?g;lhg tné@’se thlo%ees?on@eﬁ’frﬁ onsr gasrlesta roved is

oo @O Spe £ 0.851 518 qg;% C%J'&ﬁi 1Y W1

aving t conmposition descri furt her

so GETRId $8%s 188 ofn Gt 20 Hyp orS'H'ith Be-H &t %raivnlg
crystal lattice of Au to increase the 7 nechanical

In Yaanwh 0f, the gk ialdDyubdves 8 de handing oM I the
and the work hardening ability of a free-air ball and

semiconductor elements has increased, the diameter of the

gold alloy wire becomes smaller and a loop becomes longer.

As a result, the resistance of the gold alloy wire tends to

" be long. Therefore, there has been a demand for a gold

alloy wire for a bonding wire that has a low specific

resistance and satisfies the above-mentioned characteristics.

[0009]

For the above-mentioned difficult demand, the gold
alloy wire for the bonding wire described in patent
reference 1 has problems in that a work hardening ability of
a free-air ball is low and initial bonding ability is low.
For this reason, it has notLbeen possible to obtain a gold

alloy wire for a bonding wire that can cope with the recent
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| owers a re-crystallizing tenperature, it is possible
to raise the height of a loop. As a result, since it
is 5 possible to obtain the proper height of a | oop,
Be can be added, if necessary .(C The gold alloy
wire having the conposition® described in (B) further
conprises one or nore of La, Ba, Sr, and Bi of 30 to

bR RATE § $hedidimarid Ol Ry fERECN cale Lonadienat i ofto

oy wre for the ing wre and the work

prdwcqeera NghAabid:ldyn fn@ Jdre-Alropaldrarsd @r&ﬁﬁﬁ%@ﬂﬁre
a re-crystallizing tenperature i's raised in the gold
hav@ldPhidl rehiddal Sodessidla ot 5@ egErt heodieirght  of
| oop of"'the gold alloy wre. (D) Even though Ag of
rell 410 114G PP gh caitradiesh idY thecongtdb il droypali 1 e Higat
is described in (A to (O and has high .initia
st ot i [high g btineiatg el v atddidtgndd ghand low
roundness of a conpression ball, high straightness,
spauighic ressisfdroveabi | ity resistance, and | ow specific
resistance, 20 it has little influence on the
properties. [0011] The invention based on the
above-descri bed research results is as follows: (1) A
gol d al | oy WNMEANDIEQR B8N Y iHe BRBBIEISHI gh 25
|n|t|al bondi ng ability, high bonding reliability,
hi §R010dundness of a conpression ball, high
stralghtness resin flowability resistance, and

I oﬁ@péﬂvﬁ“ctorrés%é‘t"&n@@ne H§§e§r€8rrﬁ8né‘r§t tRoR5IELOPOR
o BB S P s S T
o3 0 PSP ! SR o
* qofase de iR St ?{*‘yl?g*ﬁq%lbonm hg

fldﬂ% abidy t ﬁfigﬁghcéOQQﬁpq%%(g pée COMPrassi A pal |, The

hi gh strai ght ness hlgh resintlowability resistance,

restNd d oW sPBEd I9y Masd St clasr& LHOMONIUs :
conposi tion conprising one or nore of Pt and

(A) A gold alloy wire has a component composition

comprising one or more of Pt and Pd of 500 to less than 1000

ppm in total, Ir of 1 to 100 ppm, and Ca of more than 30 to

100 ppm and Eu of more than 30 to 100 ppm, which are more
than those of the gold alloy wire for the bonding wire in
the related art in a high-purity gold having purity of
99.999% by mass. The above gold alloy wire has high initial
bonding ability, high bonding reliability, high roundness of
a compression ball,  high straightness, high resin
flowability resistance, and low specific resistance.

(B) The gold alloy wire having the composition
described in (A) further comprises Be of 0.1 to 20 ppm.

Since Be distorts a crystal lattice of Au to increase the
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Pd of 500 to | ess than 1000 ppmin total, Ir of 1 to

100 ppm 10 Ca of nore than 30 to 100 ppm Eu of nore

than 30 to 100 ppm Be of 0.1 to 20 ppm and a

bal ance being Au and inevitable inpurities. (3) A

gold alloy wire for a bonding W re having high

initial bonding ability, high bonding reliability,

| ahy ' So£f C@Im ' ,£4% Gthe bondin
me{ﬂ%@h%%?négg, |gH3€ég?% Iomg%%%i Qp?tiistance, and B

wid®WSPech i Gof BShSLARTENg NAS: A CPIPPNENtr SOPDSI KA 0N and
conprising one or nore of Pt an Pd of 500 to |ess

1owdd 1000 pppii 10t ahg dem@drde e 100 ppnpos@iwie to
nore than 30" to 100 ppm Eu of nore than 30 to 100

raRRM 20 Beight Ooft 4 0186b ppms oner@sulmy esicd ajt Bas
Sr, and Bi of 30 to 100 ppmin total, :and a bal ance
po i Bile Atlo apBt h eVt habbeopé npie i ghesof () 1ddwe, gésd dcan be
alloy wire having high initial bonding ability, high
addendi hf) netéabativty, high roundness of a 25
conpression ball, high straightness, high resin
f | oMEbiTHd ygo¥de s Stanod, rearith iow specidampasdsiisirance
described in any one of (1) to (3) may further
desunprédeing (Bf furbhad ppnprisea opetpbdnefe of La, Ba, Sr,
manufacturing a gold alloy wwre for a bonding wire 9
and o1 aphiedli hg é@gdpﬁmlby %PF%lnat%%?%?st%%t%?ﬂ%@nbﬁal
conducting a draMﬁngéfrocess the gol d al

stppigknaPs thaveagdtf %bn%bﬁ%n?%o%%s‘???gﬁ%gm d‘régﬁ?i%% the
in (1) to.(4) sp. .as t ha¥e a gredetginined.digggég&,and
Woﬁhe%aBQQQGBEOBPlglEYr%gg?h FRR)2of PR gofd ATby ive
f t he_bondi ' ' 60, 2, Vi ' d h §
o 10T oL BOTUL0o Lok o 00024 YRUDGLS TROUUSHLRD) 5oy
wifBnul ctur 8.L0g, 901 foal LOYoW! LRe! fLighbeo PORgbDdo M e
satisfying PrRe ?o | oW ng equati ons Uhder _an anneal i ng

upeaf 550C or less which is lower than 10 the
go%%rggég§artrannealing tenperature: E >_ 75 GPa,

((ThR/Rer_tRodgik AP-3 BNb 206rpm Hs <corbddd it the
nore preferable that  a reduction ratio by one die
gold alloy wire that is described in (A) to (C) and has high
initial bonding ability, high bonding reliability, high
roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance,
it has little influence on the properties.
[0011]
The invention based on the above-described research
results is as follows:
(1) A gold alloy wire for a bonding wire having high
initial bonding ability, high bonding reliability, high
roundness of a compression ball, high straightness, high

resin flowability resistance, and low specific resistance

‘has a component composition comprising one or more of Pt and
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15 during the drawi ng process is 5% or less which is
lower than the related art reduction ratio. The gold
alloy wire for the bonding wire for satisfying the
above-descri bed conditions has higher strai ghtness
and higher resin flowabiTi®y resistance. 20
Accordingly, according to the invention, (5) when 0.2%
pd %ﬁfog.fooStt%?ri%!% ¢Rah e@bobhepgokd abkay, wireffor tbhe00 ppm,
bonding wre is ao.2, Young's nodulus (Pa) is E, and
frragiuie talaangat icen 1per eeht age bg Ebret RBagoBJ &bl 2P0 ppm,
ca it g‘%%aevitﬁﬁﬂhigght?niti AP ohond ng ability, high bonding
and23 %%h%%%%!%%Xngh%&hab@uﬁﬂ@@§$a@ﬁeaimpmpﬁeisbon bal |
igh straightnéss, high resin flowability resistance,
andz ) ow gspeckiieyr esist aeeadesndihgdwineanyving bigh
(1) to (2) satis?ies the follow ng equations: - 10 -
iniEial ForPag @@Q124F), R2iZhxbbddingameli2®iditFl. Ripd%
[0012] 5 Hereinafter, the reason why the conponent
roweQResi tdforn  cofnptrtes sgoind balllley hiighe stor ighé nissrdi hg gh
W re according to the invention having high initial
re sdondilrg i Uity rewigt apoedi agd dew gipielgify.C Kiegh stance
roundness of a conpression ball, high straightness,
hashiagleamgsinerfd ewatpds it one SICFPFAGE N REs GF T91§ped fitc and
resistance is limted as descri bed above w%kl be
Pd @fplHhéd Jags ¢hiornddO0 pfpddt tiosR L (4 B dndpd: 00 PP
Both Pt and Pd, which forma _conpl ete sqlid. g}qPilf&@/ o
Ca pf Wane Adarcaitsdd N WEREi FatiofodrF t no§ difg PP,

strength of  the co essi an bal |, and pad, t. .
Be igthithik hd] rPé%“bvéHtpéLé‘ S breéqga'k%]ﬁ Eae heyitable
, kﬁﬁgned-shape phase including Pt or Pd is forned in
1M B4%inity of a bonding interface to act as a |ayer

Rk e G e
initial bonding ability, high bonding reliability, high
roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance
has a component composition comprising one oOr more of Pt and
Pd of 500 to less than 1000 ppm in total, Ir of 1 to 100 ppm,
Ca of more than 30 to 100 ppm, Eu of more than 30 to 100 ppm,
Be of 0.1 to 20 ppm, one or more of La, Ba, Sr, and Bi of 30
to 100 ppm in total, and a balance being Au and inevitable
impurities.

(4) The gold alloy wire having high initial bonding
ability, high bonding reliability, high roundness of a
comp}ession ball, high straightness, high resin flowability
resiétance, and low specific resistance described in any one

of (1) to (3) may further comprise Ag of 1 to 10 ppm. 1In a

method of manufacturing a gold alloy wire for a bonding wire
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t hereby inhibiting the generating velocity of voids
generating in the bonding part in accordance with the
di ffusion of Au. Accordingly, it is considered that Pt
and Pd inhibit the deterioration of the bonding
strength of the 25 conpressi®%m ball and Al pad and

i nprove the bonding reliability. As the anount of Pt

for |ttt 1‘3%%%0‘? o1 ot s e T P e Pty N
co bcgmgtlr nfxngv{z %eﬁ?orc@égh@ﬂ? g?ﬂ?v@ 10 v?'llre whene £he s

nor e is | ess than

ha'\?qu ptﬁr[:ré &gﬁ)gﬁéﬁ@tcérgé%é phibigi @egséf‘?oéj@tﬁ[ Forati®n(4) so

ng stre IS not obtained. Meanwhil e,

as W%é\h@ t 0L &b AODHNM e @ 3 PAMRe O r MOGBe9f0 Pis afebdX s
| ar ger fhan 1000 5 ppm the resistance of the gold

st AV | SPApi §EGh&Ofoldi S116@a50Pe ForithdGonding wire is
preterable that the total anpbunt of one or nore of Pt

andy Rehdes | Rsguthan (B0 PPNk prad@0dr pptuos ¢ Bsgeation
Accordlngly t he total anount of one or nore of Pt and

peReehsagsels WL it they mangef aft HG0 te Igssl Hidoyledde for
ppm 10 (b) Ir: Ir inhibits the growh of grains
thd doandeng ngi oé grial asying Fonet ivSloedsonequderoddrumdrr an’
a free-air ball, it prevents the grain of a wire part
anmémﬁdn@ftempedapwxe)Oﬂl5@@%1ynbdeﬂﬂuyhxﬂﬂ #ﬁwﬁﬁ%ﬁﬁlﬁ?an
coarsened due to the effect of heat on 15 the bal
thandet sicedob i ti 4l ive- BePPOBATUTS: forned froma |
great nunber of fine grains. In addition, the
cofpreski éiFabal | evenly extends in a radial pattern
and t he roundness of ;t he conpression ball is
VBNEGE Howevier< Mhen 3B& anount of Ir is |ess than
H&% pot obtain a 20 predeterm ned effect.
WWH|§? 84 the amount of Ir is | arger than 100

R BT (bR £
du%bﬁ& tﬂgogrgaregt?igEégs tbesef fecigsargnsat U at edw@ndchan

re’no roved, thus causing IC chips to
thge§%iHEEdOérgsréﬂﬁét[onFQ&tEB'S TRASEPLIdI §116y@ire for

preferable that the anmount of Ir be |less than 1 ppm

th@ngohai 88" wi hanrdBO0spPM fying the above-described
conditions has higher straightness and higher resin
flowability resistance.

Accordingly, accofding to the invention,

(5) when 0.2% proof strength (Pa) of the gold alloy
wire for the bonding wire is op.2, Young’s modulus (Pa) is E,
and fracture elongation percentage is Ep, the gold alloy
wire having high initial bonding ability, high bénding
reliability; high roundness of a compression ball, high
straightness, high resin flowability resistance, and low

specific resistance described in any one of (1) to (4)

satisfies the following equations:
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Accordingly, the anmount of Ir is set wthin the range
of 1 to 100 ppm - 12 - (c) Ca: Ca which is an al kal
earth metal and has the netal bond radius |arger than
that of Au distorts the crystal lattice of Au,

t hereby increasing the nmeehafical strength of 5 the
gold alloy wire for the bonding wire and work

har_deni bility of the free-air ball, raising the
reﬁg§§§#gﬁﬁﬁying tenperature, and | owering the height
of ] oop,.of ¢ -al | wire. However, when the

ano ﬁ%gg é%eﬁégﬁégé)thé%¥§0 ppm since the work
haggﬁni@% abjhity is lowered, thereby 10 |owering the
initlal Bonding ability. In addition, the strength is
I(mwggfzfs difficult to satisfy the conditions of E

75 a, (a0.2/E) 2.2 x 10-3, and 2% <_ EL _< 10%
Therefone rdde stial AU Nas siANE Hee Hdhddrwabiddripbsition
resi stance are |ower. Meanwhile, when the anount of

of Ghésgbaiugr1bPani A6 40P PR benddRtiye coxtdiagg ito the
generated on the surface of a free-air ball during

intdet bondhagi 0§ Babhsinantal asgedisdravkegey hdtiesh bonding
whi ch do not contribute to the bonding, are forned at
relhebboi t pm cedih erowhdhdes f s Bea acompead 351G el t héhigh
initial bonding ability of the ball bonding is
sttaighedesst ROghsrasinpfkdezlabl Ly hatsiseamrounndflaa
be 30 ppmor less or l|arger than 100 ppm
spectdidi ngsystahee ahpuhinbtedaz $ sdeeerilhed pothevhhdgee
of nore than 30 to 100 ppm (d) Eu: Eu which is a rare
exphihedet al and has the netal bond 25 radius |arger
than that of Au distorts the crystal lattice of Au,
t helelbyC RIS APHRRS Helcani cal strength of the
gold alloy wire for the bonding wire and the work
haerQniEFﬁ; a%iqqiy of free-air ball, raising the

re-crystallizi 13 . tenperature | overing they:14
. . t

heﬁ%ﬁ%ho I?ﬂé;%ﬁ't%ﬁ?{ﬁﬂfar%ﬂﬁ(ﬁfﬁ%ﬁ%%e}%iﬁicﬂ%ﬂ on} Ty
wi?ﬂnﬁg E?%QQQ %QE&@{?P?QQé@%onrﬁg'Pﬁesﬁgﬂﬁiﬁéig%féhgth of

argef an other netals, the above-
the compression ball and Al pad to inhibit and improve the
bonding reliability. The layered-shape phase including Pt
or Pd is formed in the vicinity of a bonding interface to
act as a layer (so called, barrier layer with respect to Au
diffusion) for decreasing a diffusion velocity of Au,
thereby inhibiting the generating velocity of voids

generating in the bonding part in accordance with the

diffusion of Au. Accordingly, it is considered that Pt and

"Pd inhibit the deterioration of the bonding strength of the

compression ball and Al pad and improve the bonding
reliability. As the amount of Pt or Pd is rich, the effect
for inhibiting (improving the bonding reliability) the

deterioration of the bonding strength grows higher. However,
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mentioned effect is significant in the gold alloy wre
for 5 the bonding wire having a small dianeter (in
particular, dianeter |ess than 20 n). However, when
the amount of Eu is 30 ppmor |less, the work
hardening ability is |oweretl -thereby | owering the
initial bonding ability. Further, since the strength

ok Sl B 5 s o
crd2oTHEE! U B e and o AL o
thd Soor{c?j{r%rs‘é #0% LBt %k%%mécfy Qfe AN | Svhen the

a on t f

gener e surface o ree-air ball during the

totgaqndér{lﬂnpé balds b5 and | g8 siHd nkades haleser WHGh 1000

o0 not contribute to the bonding, are forned at the

pprPOtim cant &ra e thee HH@Q{@M albaly .iSincesdde imidiwalis
bonding ability of the ball bonding is lowered, it is

red¥¥n pref erabl & thatrdhe jamuide afhdEle e BGimqpd Gf one or
| ess and | arger than 100 ppm Accordingly, the 20

mordTmntpofarkkl P Isetladd iart OO atge @f IM0e ggamB8Qarger.
to 100 ppm (e) Be: Be has the netal bond radius
Acomdiresl harhd hadtaf afwourand fistord:s ndmwee cryRtaland Pd is
|attice of Au, thereby increasing 25 the nechanica
setstwignigih wfe thengplaf @00yt wikes$ grhamel Bohdiawg wire
and the work hardening ability of free-air ball. 1In a
casi®@)oflrgont ai ni ng Be together with Ca and Eu, since
the re-crystallizing tenperature |owers and the hei ght
ofl 114 nhiddE 5 itdes FrEWtdnlal g 4FHE Hr GRAT IR G f grains).
loop, it is possible to add, if necessary. However,
Foqteht § Wt Rt WD BRI & oF 1% ©F ibap%]m 1% REfvents
not optain a predetermned  effect. anwhi | e,
the iFr et DY BE iR %r Qé‘?’att_had efot?l\%parﬁma leurae\rl:(?ﬁ]ﬁg/ on
of j des | ener at e h 0 e-
erg T e ont o g 6 My i fRgdfear on

th%]%arefl‘;%, \gt]rg&h%}gé) Ml&%é‘d %%—t t‘ f I']z?albpr]:l.dé. nﬁ%rr@éc? from a

t he bottom'center e free-air bal

gr$§@oﬁ&%5§EYGftffheid&éiﬂ%. bonydi gy abidn t e ddiohaddion”
bonding is | owered and
ball evenly extends in a radial pattern, and the roundness
of the compression ball is improved. However, when the
amount of Ir is less than 1 ppm, it may not obtain a
predetermined effect. Meanwhile, when the amount of Ir is
larger than 100 ppm in the gold alloy wire for the bonding
wire containing one or more of Pt and Pd of 500 to less than
1000 ppm in total, the effects are saturated and are nof
apparently improved, thus causing IC chips to destruct or
impéir. For this reason, it is not preferable that the
amount of Ir be less than 1 ppm and larger than 100 ppm.

Accordingly, the amount of Ir is set within the range of 1

to 100 ppm.
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10 the size of grains of the directly upper part of
ball and the ball part increases, thus deteriorating
the roundness of the conpression ball part. For this
reason, it is not preferable that the anount of Be be
less than 0.1 ppmand |afgéf Than 20 ppm
- Accordingly, the anobunt of Be is set 15 within the
rangs @f;.0.1 to 20 ppm (f) La, Ba, Sr, and Bi: La
which is a rare earth netal, Ba and Sr which are
al kal iyreadH h el kand BirvWindt d1S dridl &8 tdeowe tafl
the- periodic systemare possible to add, if
borECESSARY 14 PgOF OefaR Ot K&t | HErRaSE: § her e ctiadi ©dfstal
strength of the gold alloy wire for the bonding wire
lat@iccd hef wor K figs skepy npn@bed 4 1ryg of hd reechaiicdil st rength of
raise the re-crystallizing tenperature, and |ower the
thdegghd ofldopopiod fde got datdiyg wire dHodwewmerk levetening
t hough the amount-of at |east one of La, Ba, Sr, and
abBiity @6 tessftdaraBO pphi, itaiwinqothebtederwstallizing
predeterm ned effect. Meanwhile, when the anount of
tenpetazste onendflover Bag 'Ge hedwhBiof sloew gef thaargabd
ppm a quantity of oxides is generated on the surface
allgfy fwiee ai rH@ad veBurviRy t Hee boheliy of 182 b3 ¥rgg sthan 30
and | arge shrinkage holes, which do not_contribute to
PP heS Horkli FRE WK f R FRRN BT 131l bbtY ohs ckieredr tireby

free- air bal|., 6 Accordingly, the initjal ndj n
Lowg 119 ytlof %wetl%JaWO%Hg‘?y@b%Ql%mer%fa.a Cidiis the
reason,.it.is not 5 preferable that_the ampunt of  at.
SCTGRITR okt b1t pos ST LGN B0 T DS (A %0 oS
I than 1 Accoy-di n 4 h o Of
of prd?r eggstg(:e%an’e cf°'f_gé,)) E‘g@ G gl% ’ Biglll%sz"se% %I%:?r? ‘the

Th({%é%ré)f ngg)e t Qt}ngMsé gegrﬁ?gre%pn Eff&é@fi“ﬂ@y A.geé){sg-ance

ppmis contalned, It ittle influence on

ard ek Operiid £8wh £ACEOT (&gl the Andnt aslfleth id larger than
necessary. However, when the anount of Ag is over 10

10PEBm}t he dudht 2ty bondbagdediid tyedehgised cobechlOVRILthce of
Therefore, it is not preferable that the anmount of Ag

a thedmiveasalDd opring the bonding of balls, and large
shrinkage holes, which do not contribute to the bonding, are
formed at the bottom-center of the free-air ball. Since the
initial bonding ébility of the ball bonding is lowered, it
is not preferable that the amount of Ca be 30 ppm or less or
larger than 100 ppm. Accordingly, the amount of Ca is set
within the range of more than 30 to 100 ppm.

(d) Eu:

Eu which is a rare earth metal and has the metal bond
radius larger than that of Au distorts the crystal lattice
of Au, theréby increasing the mechanical strength of the

gold alloy wire for the bonding wire and the work hardening

ability of free-air ball, raising the re-crystallizing
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[11] mechanical Property Al of the gold alloy wres
for the bonding wire containing the above-described
conmponent conposition have high initial bonding
ability, high bonding reliability, high 20 roundness
of a conpression ball, hi@hl%tTaightness, high resin
flowability resistance, and | ow specific resistance.
te M&Ipe WS MR AGIHIHHRY H@rolod aldy o e @fold
he bonding wire so as to satisfy the conditions of E

allay arda 1d 8Add/Bor_ Anck xulla3 amrEt2% ddding
10% by defining 0.2% 25 proof strength (Pa) of the

raddld fldoyr Wdre 185 1aligdr Yoy & hafoeigdss (,Palheaasdgve-
and fracture el ongation percentage as EL, all of the
mer@Aldhedl |eprady ess foargriie dondiing thier ggodantadilniyngritehefor
above- descri bed conponent conposition have hi gher 16
thestoa@idihiesiseandihirgher smesliln dilaoweedsid i tiyr mesitsitcanes,
[0013] The reason is. as follows; In a case of E < 75
didBReert Hadsd sshasheé? tyrg .Youlwyey es  nodhgrughies dmpwntt e Eu
bonded gold alloy wire largely flows by the resin
is (Athatpni r tiwsg.edihe Mok iR1daeY dRlig® He ity
after the wire bonding, thereby the contact frequency
thexrrbys higrte F ey e yi Toft dtehle RESIHLTE 1353 MiTres F&b‘j“glf‘e‘in
_to each other increase. Therefore, the yield ratiqigo
singfe detf CYMRIGGY Ichi e s rdducedit Bo. gaedsfy the

10-3 _and . the strai M o0 o
coq%%jﬁfé%%n%rfdm%ﬁén Qe @ﬂ%?%séfﬁgg O AL aEr <
Lo 55 5245 £ g ) 40 S

resan -eﬁar%%%?a%dlcgv{]{r .St rbffg%él@e];%,oivﬁlénov’éhé rémdlLﬁnt of .Eu.is

en the frac ngati on percentage is

la&%%?%rﬁ]m ]1:%%2 h@%ﬁu:ﬂitftﬂ?%ﬁ%)ﬁﬁ%@%é I'$ener:|-ate'c:.1 on

75 "GPa and (co.2/E) < 2.2 x 10-3

thl NI LFQEE, o f Ner IR YIUNES Squd Sng edcasbrafiddieod esd s,
flow increases. [0014] 20 According to the invention,

and hea fg@ciwF el ngad iy, el serdageElcd®n idlee kR%he
proof strength ao.2 (Pa), and the
bonding, are formed at the bottom-center of the free-air
ball. Since the initial bonding ability of the ball bonding
is lowered, it is not preferable that the amount of Eu be 30
ppm or less and larger than 100 ppm. Accordingly, the
amount of Eu is set within the range of more than 30 to 100
ppm.

(e) Be:

Be has the metal bond radius smaller than that of Au
and distorts the crystal lattice of Au, thereby increasing
the mechanical strength of the gold alloy wire for the
bonding wire and the work hardening ability of free-air ball.

In a case of containing Be together with Ca and Eu, since

the re-crystallizing temperature lowers and the height of
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Young's nodulus (Pa) of the gold alloy wire for the

bonding wre are neasured by tensioning the gold

alloy wire up to be fractured by a tension tester in

the conditions of the 25 diitance bet ween gauge

points: 100 nmand a tension® velocity: 10 ' m nut e

at a roomtenperature. [0015] Here, strain and
loé§n§i§@sSﬁéﬁﬁéaﬁiﬁedﬁﬁé dHopgsr fioél @s. of ILdop Stiwins =

e elongation (nm of the gold alloy wire for the

pobondi g ¥i s@d/ 1P0nsressadyt ensowevst f easer Pale =amount of

tension load (N) / initial sectional area (nR) of the
Be 0D$ d1 @b $ oyhami 0 €1 fepm} het beadi ngt wiveaid na aodédé tarmined

the fracture 5 elongation percentage EL (%, the 0.2%
efpeoof smesmghhl 60. Zherf Pae amdutheo¥okmgls hadueusthan 20

(Pa) are defined as follows. The fracture el ongation
pppereseqtagei B ¢#)oxidésain ghearabed oolthal $oytageeot

is fractured x 100 = [el ongation ( when the gold
fra¢tayrwhakl i gufingt thedbpnddog (ef)Paklaoolamme gronkage

proof strength 60.2 (Pa) : tension stress (Pa) in
hohppl yWhich germaherenteibriat Fonthe BOPOARG: t #Ee gbpgmed at

allo wire for the bonding wire. In addition, the
th&o@%étgmnﬁﬁﬂF%§ of Palye fRBSFalFoPaElt erBFOArLtRGLY. ahbe

strain, that is, _tensi gn stres stral

inibhge QH%?énﬂeﬁgi%htXSO tFEgsbﬁib(g?%g?%ga+% F%W%F?é ¢nd

t HE | ENTI ON 6
enBeSPet bell %agrés Cﬁtﬁél BV MVECF rot b bomat g™
enf it oL AL POaL oLV BOLA O, DB CEhL SPhuncnss of
th%e'{m%&égg# w@g .rOpegnsﬁ%%%zsmpw%gonot

exce tness excellent resin

prékgﬁﬁﬁhé'EMa£e§hét§ﬁs&nta8@ bew,spegkti €nak sl 5t pReand
Accordingly,. when the gold alloy wire is used 25 in

1abgudi pHARr 90EEEAS, hAtcbsdpAgsihl ehéoahophovertBe ysebdt
rati o of sem conductor devices. As a result, the gold

wighlfaythwi eenferothe. bondi pg ppme according to the
invention has especially excellent effects in an
i nduYt rya, Ba, Sr, and Bi:

La which is a rare earth metal, Ba and Sr which are
alkali earth metals, and Bi which is in a 5B group of the
periodic system are possible to add, if necessary, in order
to increase the mechanical strength of the gold alloy wire
for the bonding wire and the work hardening ability of free-
air ball, raise the re-crystallizing temperature, and lower
the height of loop of the gold alloy wire. However, even
though the amount of at least one of La, Ba, Sr, and Bi is
less than 30 pbm, it may not obtain a predetermined efféct.
Meanwhile, when the amount of at ieast one of La, Ba, Sr,

and Bi is larger than 100 ppm, a quantity of oxides is

generated on the surface of free-air ball during the bonding
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18 BEST MODE FOR CARRI NG QUT THE | NVENTION [0017] A
gold alloy wire having a wire dianeter: 19 mwas 5
manuf actured by a drawi ng process a gold alloy wire
material having a wire diaggter: 50 mand having
conmponent conpositions inditated in Tables 1 to 3 at
a reduction ratio by one die of 4.8% Further, gold
of baDYsW 868 [orga Honthkhgge Vihe Be@c ot ttngdd ondthecontribute
invention (hereinafter, referred to as 10 wires
to acgordbngiheg, tdeei fyvenédoa) thé doddiomorparat i vE god diree-
alloy wwres for a bonding wire (hereinafter, referred
aitobasl. conpavedivglw rese inioi2D banditdeakel Atedo@rthe
gold alloy wre for a bonding wire (hereinafter,
balkfleonétngoiasleheredel afed @iniswieajord, wekels not
manuf actured by annealing the gold 15 alloy wire at
prefapebhtuteat ndieatedunh Jabkesldasy oneaptl La ak@h- obk,
by an i nmedi ate spool of radius: 50 nm Here, in the
andnBeab¢ ngeandt e ndd AgPprozed slarger riary bf0 aPPmof
sheaves_(pul |l eys) using for changi ng paths of_the
AcGp¥@snats, ShemiMRUuRt aef urle EFBRGati®nCpetzenPageSEL,and

. Young' s npdul us. 20 %Pq& E, a&? O.quﬁroof strength
Bi(pg)Seb. pitRiR HRAstrRACLYT W ntP ng® ByPRE spool havi ng
a r@d;us of 25 mm by 2000 mthe wre taken-out by the
[ |&V%'spool and renmoving the tip of the wire by

sl it &' F S s et SR
li#@fésgggfﬁg?gé 5Hetwér §o§£§tf§§§uaﬁgcoggg?%fghb%%si%

estlts o fmeasurenent were | ndi cat

ad&Qd?‘iEhﬁeQH§?§£%9f 880RLES, I $nkhVenbNaR8GH ob£thE is over

nmeasurenent, thereby obtaining an average val ue.

10 RSt 8REESN{ D) 2 O bERE1ng 18b 1 $20P| €SnMET €0 NBASUSREr &Y .
adigital nultimeter in the conditions of the

Théketaneg bet weenogapgerpobnls: thdP theatmaunt 00MAg be

tenperature, and the specific resistances of the wres
ovaer g0ooppal ned wi.th the follow ng equation. 5 Specific

resi stance (Dcm) = resistance (Q x cross- sectiona

ar ebI I kg cliarbifain) P odesty

All of the gold alloy wires for the bonding wire

containing the above-described component composition have
high initial bonding ability, high bonding reliability, high
roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance.

However, when manufacturing the gold alloy wire for the

bonding wire so as to satisfy the conditions of E 2 75 GPa,

(00.2/E) = 2.2 x 1073, and 2% < E; < 10% by defining 0.2%

proof strength (Pa) of the gold alloy wire as oo.2, Young's
modulus (Pa) as E, and fracture elongation percentage as Ei,
all of the gold alloy wires for the bonding wire containing

the above-described component composition have higher



10

15

20

25

The wires 1 to 34 according to the invention, the
conparative wires 1 to 20, and the related art wire 1
having the conponent conpositions indicated in Tables
1to 3 and 10 the nechaniga{Gpgoperties indicated in
Tables 4 to 6 were set in Wre bond (nmaxam pl us)
manuf actured by Kulicke & Soffa, and the bondi ng was
stperdrormeds ahd hel gidstred i |71 owsdd idh 1yC wdd ipst aofcd he
sem conductor were nounted under the conditions of
hedoiong jt enperature: 150C, the length of 15 |oop: 5
mm the height of |oop: 220 m the dianeter of a
cofpreessiasonbalsl as34ohloarsd t he hei ght of the
conpression ball: 8 m The straightness, initial :
bordi g calsiel iofy E and5 Eandihbss o/t HeesopeedSLsa’ s
ball with respect to the wires 1 to 34 according to
mochHeus mventdvon, theheautgshralideMiqeyire deige o, T kg by
the related art wire 1 were estimated by follow n
theretfenEhiat 15t rdightaeids By st i G Ioobir 1sbpde
wer e manufactured at a pad pitch distance of 45 pm

molG 4Ny rakictthe whth N4 s dRAELY aMf THE 3ftnber

e 5SS PUTbE ) of 01365 o ottt

20 {H TG AT T (8 T | el Ghs e thigyield ratio
o B BRI, S0, g e 1

and'YREL ({Hgﬂ§¥ﬁ§§?ﬁﬁﬂéséif§éﬁs t(}é'ﬁﬁbré&ﬁﬁ the&d when the

conpr essi on S not bon the Al pad during 5

£ rddte; RONdi (g of 1 bal hsr vase Apasils etk s Acodrli 9] Yohd heesidual

Initial bonding ability was estimated by indicating

didthecdesulds ine Jotd es1 Ao Qvfre Conpyesst O Balthe wire
Roundness Estimation: By observing 100 conpression

rediadds aftdr raspectii® @athchd tofaidietsaspl s, laven In
all of themare good, it indicates as "0", and even

addhoitgh, orteebacthexf sistuie ¢ hvhgatiesn getraentage is higher
Accordi ngly, the roundness was estimated by indicatin

thamel0%, Most of them satisfies the conditions of E <

GPa and (op.2/E) < 2.2 x 107%. Therefore, the straightness

is reduced or the resin flow increases.

(0014]

According to the invention, the fracture elongation
percentage Ep (%), the 0.2% proof strength .2 (Pa), and the
Young’s modulus (Pa) of the gold alloy wire for the bonding
wire are measured by tensioning the gold alloy wire up to be
fractured by a tension tester in the conditions of the
distance between gauge points: 100 mm and a tension
velocity: 10 mm/minute at a room temperature.

[0015]

Here, strain and tension stress are defined as follows.
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results in Tables 4 to 6. Bonding Reliability
Estimation: 15 After holding for 1000 hours in air of
150C, 100 proof tests with respect to each sanple
were conducted by hanging a tool on a bending part
(kink) of the loop directryldn-the conpression ball
The fracture in the proof tests is referred to as a

St{%ﬂ?ti"r@hé b@ién&%\g#%n;mﬁ&eo%g%}?é ?;O?@ At ey fack ofor the

e conpression observing the

boﬁ@fP$S§§.Qn/b?bbsmmwmgﬂda%én§f5hf§@§%§£e§P¥ﬁr£ tension

occu in a neck, It was estimated as "0", and even

1oddiough pnenibakl LiftisXhBlSred t (MBS AStinmlRd BR1V6Y:
Further, the height of |loop and the resin flowability

widd £68I shansenMihf wespect1d caddier vér eStie tOrBdture
according to the invention having the conponent

el &GPOsHH | pascéndhgated i9), Tald €s 2k todand rdmyth oo.2
mechani cal properties indicated in Tables 4 to 6, the
(PEOpai@tthe Ywurs’ & nod20ys ateh )t her@ldefimdédtas Gotlows.
wre 1 were estimated. Height of Loop: The wires 1 to
Th&4f aecouté nglbogat heni pyecenionge the (Wompatataive whieneghe

1to 20, and the related art wire 1 having 5 the
gokdnpbhent witoapdsi fransuredixat@ T nl Thdrest 1on ol(m@nlamhen
the nechani cal properties indicated in Tables 4 to 6
theegeldsaet 1oy vheewiselpareuiadixant OP usihhnuf 528 ur ehe
by Kulicke & Soffa, and the |ooping were nmpunted was
0. perpopabdsthgRFTRhEo.2coR ti BARS PR tRET P anet@t bt the
conpression ball: 3§ﬁ$g 10 the h

i ght_ of t
2PRbYpR@s3i BRTBANFNT 8T OFRAT t f ?gn@t%ﬁ of© F‘g%pgolldrﬁ&loy
. Wi t bout _doi . _The_hi ghest . part _of J
i P RheciR) BREHE: REeal eorbrSAFEL B r B ilEnm 8 e
| ight_ni f . . t
R R S i R T S ST T o oo

teM%§oﬁb§@.Q§g }?a?s/tE@rQ?ﬁghinO{héoPQngémﬁﬁégénﬂéﬂsion
the hel g

ht of [oop was ~estinated by indicating the
stF&sKl L84l B Fabhegrd 1A 8irkesi pr&povedbhity

Resi stance: After sealing with an epoxy resin the
substrate in
EFFECTS OF THE INVENTION

(0016]

As described above, the gold alloy wire for the bonding
wire according to the invention has excellent initial |
bonding ability, excellent bonding reliability, excellent
roundness of a compression ball, excellent straightness,
excellent resin flowability resistance, and low specific
resistance. Accordingly, when the gold alloy wire is used
in bonding processes, it is possible to improve the yield
ratio of semiconductor devices. As a result, the gold alloy

wire for the bonding wire according to the invention has

especially excellent effects in an industry.
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whi ch the bonded I C chips of the sem conductor were
mounted 20 under the condition of the |ength of | oop:
3.5 mMm by using a nolding apparatus, the inside of the
sem conductor chip was X-ray projected by using a
soft X-ray non-destruction lBnspection system and the
flow ng rates where the maxi num portion of the wre
fl ow were neasured at 20 tinmes. By 25 dividing the
average value of the nmeasured flow rates by the

| engt h of ﬁo&oﬂﬁ%cﬁp@ﬁﬁ%e}’.@&e i) I‘f%@%bﬂ%‘?med as

a res!n ow, and the Tesin fl ow was neasur ed.
Accgg@%pgly, _the resin flowability resistance was
estimated by indicating - 22 - the results in Tables 4

to f. g 3. N ] -

D T 5D U BT OB U DU O
ma&@fé&kgrég gkf§ Bg%%hﬁgb Eb@@sglg)églgféiib -#ird méterial

T e S N U (CTd (BUS (6 USL(C (CN(>S (0 (15

ha&&ﬁg hDy¢ Qe 09288+ 00: 090 Pam 08nQ0n 80109 Oohp&8ReRO 00 00
POOO OO WPOOO I 1T L 1112011 1 1 11

cohpbsitibnk knHitated knlTébles 1 tol3lat & ked@&Ft@onUratio
1ttt rrr 11Uy NN
bylohel dielcE k.B%l | Flhrthér} goldlalldly vikek For & bohding
1111111 0kOO0C O
wire according to the invention (hereinafter, referred to as
wires according to the invention) 1 to 34, comparative gold
alloy wires for a bonding wire (hereinafter, referred to as
comparative wires) 1 to 20, and the related art gold alloy
wire for a bonding wire (hereinafter, referred to as the
related art wire) 1 were manufactured by annealing the gold
alloy wire at temperature indicated in Tables 4 to 6, and
taken-out by an immediate spool of radius: 50 mm. Here, in
the annealing and winding process, the radii of all of
sheaves (pulleys) using for changing paths of the Wires are
9 mm. A fracture elongation percentage Eg, Young’s mbdulus
(Pa) E, and 0.2% proof strength (Pa) c@é were measured by
winding by a spool having a radius of 25 mm by 2000 m the
wire taken-out by the immediate spool and removing the tip
of the wire by 15 m, and op.2 / E was calculated. The
results were indicated in Tables .4 to 6. Further, fhe
specific resistances of the wires are measured, and the
results of the measurement were indicated in Tables 4 to 6.

The number of samples is five in each of the measurement,

thereby obtaining an average value. Resistances (Q)) of the
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The wires 1 to 34 according to the invention, the
comparative wires 1 to 20, and the related art wire 1 having
the component compositions indicated in Tables 1 to 3 and
the mechanical properties indicated in Tables 4 to 6 were
set in wire bond (maxam plus) manufactured by Kulicke &
Soffa, and the bonding was performed on the substrate in
which IC chips of the semiconductor were mounted under the
conditions of heating temperature: 150°C, the length of
loop: 5 mm, the height of loop: 220 pm, the diameter of a
compression ball: 34 pm; and the height of the compression -
ball: 8 um. The straightness, initial bonding ability, and
roundness of the compression ball with respect to the wires
1 to 34 according to the invention, the comparative wires 1
to 20, and the related art wire 1 were estimated by
following measurements.

Straightness Estimation:

10000 loops were manufactured at a pad pitch distance
of 45 um with respect to each of the samples, and the number
(contacting'number) of places for contacting between the
neighboring loops was measured. Accordingly, the
straightness was estimated by indicating thé results in

Tables 4 to 6.
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the bonding of balls was measured. Accordingly, the initial

bonding ability was estimated by indicating the results in

Tables 4 to 6.

Compression Ball Roundness Estimation:

By .observing 100 compression balls with respect to each
of the samples, when all of them are good, it indicates as
"O", and even though one bad exists, it indicates as "x".
Accordingly, the roundness was estimated by indicating the
results in Tables 4 to 6.

Bonding Reliability Estimation:

After hoiding for 1000 hours in air of 150°C, 100 proof
tests with respect to each sample were conducted by hanging
a tool on a bending part (kink) of the loop directly on the
compression ball. The fracture in the proof tests is
referred to as a fracture (ball 1ift) in the bonding
interface of the compression ball and Al pad. By observing
the compression balls, when all the fractures were occurred
in a neck, it was estimated as "O", and even though one
ball lift exists, it was estimated as "x".

Further, the height of loép and the resin flowabilify
resistaﬁce with respect to the wires 1 to 34 according to
the invention having the component compositions indicated in
Tables 1 to 3 and the mechanical properties indicated in

Tables 4 to 6, the comparative wires 1 to 20, and the
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the mechanical properties indicated in Tables 4 to 6 were
set in the wire bond (maxam plus) manufactured by Kulicke &
Soffa, and the looping were mounted was performed under the
conditions of the diameter of the compression ball: 34 pm,
the height of the compression ball: 8 um, and the length of
loop: 1 mm without doing reverse. The highest part of the
loop and the height of the area of Al pad were measured by a
light microscope, and the difference of the highest part of
the loop and the height of the area of Al pad was obtained
as the height of loop. Accordingly, the height of loop was
estimated by indicating the results in Tables 4 to 6.

Resin Flowability Resistance:

After sealing with an epoxy resin the substrate in

which the bonded IC chips of the semiconductor were mounted

‘under the condition of the length of loop: 3.5 mm by using a

molding apparatus, the inside of the semicbnduétor chip was
X-ray projected by using a soft X-ray non-destruction
inspection system and the flowing rates where the maximum
portion of the wire flow were measured at 20 times. By
dividing the average value of the measured flow rates by the
length of loop, the obtained value (%) was defined as a
resin flow, and the resin flow was measured. Accordingly,

the resin flowability resistance was estimated by indicating
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'straightness, initial bonding ability, roundness. of the

compression ball, bonding reliability, and resin flowability
resistance, and more particularly, with respect to the
excellent straightness, initial bonding ability, roundness
of the compression ball, boﬁding reliability, and resin _
flowability resistance, the comparative wires 1 to 20 and

the related art wire 1 have a defect of at least one of the

~above-described properties.
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F 29 - [0024] It can be understood fromthe results
indicated in Tables 1 to 6 that the wires 1 to 34
according to the invention have | ow specific

resi stance, excellent 5 straightness, initial bonding
ability, roundness. of thé 3Qoﬁpression bal |, bondi ng
reliability, and resin flowability resistance, and

WHﬁ@rfspﬁﬂAiﬁﬁbaféy’ with respect to the excellent
stral ghtness, initial bonding ability, roundness of

the compression ball, bonding reliability, and resin

10 flowability resistance, the conparative wires 1 to

20 ;and p therd el et ®d wirde Wide dl hawei g defecttioft atas high

| east one of the .above-described properties. 30 -
inVWHAL | SokiAhYERLL Sitd, Wigbldoadliny weieabdlityponigimg

wire that has high initial bonding ability, high:
robotdé 8g ©€l babbhptrgsshdghbslt punilgesst oé ightoeps esii on

bal I, high straightness, high resin flowability
resesi Slamekilany rewispauncéi candsisvaspecifipergsisgtance,

all oy wre having: a conponent conposition conprising
thengobd abteyotiPe hamin®d of 500 to |ess than 1000 ppm

intotal, Ir of 1 to 100 10 ppm Ca of nore than 30

t 0 A 0TORPIRSEY @IMPRTE 1IarrSW TS 1D Ppinoafpee of Pt

bal ance being Au and inevitable inpurities. _2. A gold
ang| P@yo P@Ofgp 4cpsnBhAg WPE PRAt 1RatChAgh 1 nPi g|t° 100

bondi ng _abi lit hi gh bonding reliagbilit hi 15
Ppmou9@n@gsmefeagbéﬂpggsg?oﬁbﬁaPPT’h ﬁhogt%gfﬁhgﬁggs?o to
igh resin flowability.resistancge, and,_lI S iLfie.
T R T R e
conmposition conprising one or nore of Pt and Pd of
500 to I ess than 1000 ppmin total, Ir of 1 to 100 20

P i T 0 PR gl ane e W
inf¥i 30dpohRe¥Lt abk @ik yPURi bheBonding reliability, high
roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance,
the gold alloy wire having: |

a component composition comprising one or more of Pt
and Pd of 500 to less than 1000 ppm in total, Ir of 1 to 100
bpm, Ca of more than 30 to 100 ppm, Eu of more than 30 to

100 ppm, Be of 0.1 to 20 ppm, and a balance being Au and

inevitable impurities.

3. A gold alloy wire for a bonding wire that has high
initial bonding ability, high bonding reliability, high
roundness of a compressidn ball, high straightﬁess, high
resin flowability resistance, and low specific resistance,

the gold alloy wire having:
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3. Agold alloy wire for a bonding wire that has high
25 initial. bonding ability, high bonding reliability,
hi gh roundness of a conpression ball, high

strai ghtness, high resin fhgmability resi stance, and
| ow specific resistance, gold all oy wire having:

. 31 a conponent conposition conprising one or nore of
Pt a althg¥hdérft Xhdds s tdwip A Ppnd ot aicde df Pt
to 100 ppm Ca of nore than 30 to 100 ppm Eu of nore

and hed 80 500 460Lepsm tiBen of 000 lppw 20 Pphal onBr o twre00
of La, Ba, Sr, and 5 Bi of 30 to 100 ppmin total, and

ppi, b@d anfembdee nghéu a0dtoi hediprb) eEu nplirméresthan Jheto
gold alloy wire for the bonding wire that has high

100 nppral Bdoodi figl ate | 2@ ypprhi gbndéondimgre ebf abi ) i By, Sr, and
hi gh 10 roundness of a conpression ball, high

Bi s¢f a3@htmes8) ppmhimesonall owadi &ibylarce stahes, Aangnd
| ow specific resistance according to any one of

inevhidsld impdriti®sher conprising: Ag of 1 to 10 ppm
15 5. The gold alloy wire for the bonding wire that '
has high initial bonding ability, high bonding

i g SUEE GRILELL GR 15 oy naeoﬁvﬁogfoherf’qi'v?l&sqb?tl%@as

o STt el UILP ﬁmfiﬁﬁ?ﬁﬁéﬁﬁwfa@# P, nior
A AR U L A do
re%}ﬁngaélgg ?f£%eg%§g§t Z%E%Gbo %§Q%iggce%%§%é9§§ce
acg8@§}n;Lto—a&99@ne of clalms 1 to 3, further comprising:

" Ag of 1 to 10 ppm.

5. The gold alloy wire for the bonding wire that has
high initial bonding ability, high boﬁding reliability, high
roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance
according to any one of claims 1 to 4,

wherein, when 0.2% proof strength (Pa) of.-the gold
alloy wire for the bonding wire is op.2, Young’s modulus (Pa)
is E, and fracture elongation percentage is E;, the
following equations are satisfied

E =2 75 GPa;

(00.2/E) 2 2.2 x 107%; and

2
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