- 1 - DESCRIPTION GOLD ALLOY W RE FOR BONDI NG W RE HAVI NG HI GH I NI TI AL
BONDABI LI TY, HI GH BONDI NG RELI ABI RI TY, H GH ROUNDNESS OF 5 COVPRESSI ON
BALL, HI GH STRAI GHTNESS, HI GH RESIN fLOMBLI TY RESI STANCE, AND LOW SPECI FI C
RESI STANCE TECHNI CAL FI ELD [0001] 10 The present invention relates to a
gold alloy wire for a bonding wire that is used to connect a chip el ectrode
of a sem conductor el enent sudEERIFTIO¥nsistor, LSI, or ICto an external
| ead part and has high initial bonding ability, high bonding reliability,

hi gh roundness of a conpression 15 ball, high straightness high resin
flowability resistance oW S eC|f|c resi st ance. articular, the

i nvention ~FelRiAdLq% "HR&oIFQRaB@'SQ (L RE HAGING BdAHi ﬁg }Eﬁ%&' can be used

in a wde_tenperature rangefrom ow tenperature to erature(for
veive €188

exanpl e, PANPARILENGe HIGH BENPING otk L1 3%%¥fh§§ GY BPY s than 20 pm
GROUN 0002] “An ultrasonic ve c [ [ essi on

boﬁﬁing §QP$§S i ﬁSFHaSE%$%F%§ §ES§ 8ﬂ§W%§fﬂf e in order

to connect an el ectrode on an_ | C_chi n.e ead part. A gold

al 1 oy wire havi ngREREST il LQ@W%SEFFFBG $éé§£ﬁhﬁ?é<nomn as a gold alloy

wire for a 2 bonding wire used in this case. The conposition of the gold

alloy wire includes at |east one of Pd, Pt, Rh, Ir, Os, and Ru of 3 to 1000

ppm Eu of 1 to 30 ppm at |east one of Be Ca, Ge and Sr of 1 to 30 ppm
and a bal.ance being Au and 5 TECEPICAR &1 F%%urltles (see patent reference 1),

[ Pat ent Requﬁ%ﬁ? 1)

10 The present invention relates to a.gold alloy wire for
a bonding wire that is used to connect a chip électrode,of a
semiconductor element such as a transistor, LSI, or IC to an
exfernal lead éart and has high initial bonding ability,
high bonding reliability, high roundness of a compression

15 ball, high straightness, high resin flowability resistance,
and low specific resistance. 1In 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)

20 and has a diametér less than 20 pm.

BACKGROUND ART
[0002] |
An uitrasqnic wave combined thermal compression bonding
25 1is performed for a2 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
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10 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON (00031
Recently, as the integration of the sem conductor elenents has increased,
an Al pad area becones snall and a 45 substrate havi ng a | ow heat

resi stance has been used. As a result, it is required to obtain excellent

initialLohdGri rabiulseldy iHr Bi st e, | mr@e@@mﬁbbmaisﬁ §OMHegwlIen balls from
the Al pad during the bonding of balls onto the Al pad) with a |ower

t enper a§ L&y AideSTRCLQHedr 88 1 8adr tdias@Ofpd, het 20rRh el Bt pdo@r tand [ 0009]  In
addi tion, the decrease of bonding strength due to a ball bonding or the

occurr epgeo®df3 kendiong Hpnl URESoflue o 3@ pF:;m$ean 1ehettsnsealf mesi stance in
t he bonding interface has 25 caused problens in an autonobile IC for
requiricw, ad)i gindr ki alfi Li ty 30 ppne severzebadanesvbe omgremd samef a hi gh-
tenperature and a high frequency 1Cin which the operating tenperature is

i ncreasatevifatde thpubondesg($eé |pHternts raffieranceoipradual |y occur due to the
deterioration of bonding conditions, such as a |ow tenperature joint or a
shrinking dfatbetbRefkrensr €ds, it is required to ensure the bonding
reliability (persistence of the bonding strength or 5 electrical resistance
due to the hiipanesedUngzamindd Bameditn@pplitetiase Birstome environnents)

hi gher than that of the related art. [0005] In addition, the roundness of
t he confuldsisiatiobaNbs Hel A®-1@M2&t the ball bonding, a portion of the
conpression balls are protruded fromthe Al pad, and a short failure occurs

by
10 DISCLOSURE OF INVENTION

PROBLEMé TO BE SOLVED BY THE' INVENTION
[0063]
Recently, as the integration of the semiconductor
elements has increased, an Al pad area becomes small and a
15 substrate having a low heat resistance has been used. As a
result, it is required to obtain excéllént 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
20 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
25 caused problems in an automebile IC for requiring a high
reliability at the gevere use environments of a high-
temperature and a high frequency IC in which- the operatihg

temperature is increased. Since the bonding failure is apt



the contact of a neighboring conpression ball. Since the 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
hi gher than that of the related art tonpression ball. [0006] Furthernore,
meanwhi e, at the sane tine the length of a wire |oop (hereinafter,

r ef err edot gra8usl 1P A@NAUB) £hOtha 2ot iWrag 1bhe oghbBnelegt r odes of the
sem conductor devices to the outer |ead beconmes |ong, the distance between

the W r gond POfomd)d sudhela@hBON b0t &RSE: MA@ lj@lintookhg whisnkixgp becones
narrow. In order to cope with the above-described states, it 1s required to

meke t hef digereddidioly Bheag! dt 2bs abdqyi reid @ cus@duds BhHOfSHdihgM I e
i ncreasingly thin. However, when the. dianeter of the gold alloy wire is

reducedrel el ithe (@Rirlsédrgatd aflehe Workling exteagtrRdofrom a spool, a
curling or meandering (curvature 'or bending) may easily 4 occur. in the

gol & al ébycttionl \Beardsthackoddé ngo i tthe raduckeddihy Usi tige thwendjalgd al loy wire
in which the curling or neandering (curvature or bending) exists, since the
nei ghboinoer frarediaty swinee enohachentesld e gdlear thancuhat éhectse bad
sem conduct or chips are produced to reduce the yield ratio. Mre .
parti cutatdatyed wiren t he di aneter of the bonding wre made of the gold all oy
is less than 20 m the curling or meandering (curvature or bendi ng) nmay
easily occur[0iCR3§he wre directly after being unreeled fromthe spool. The
10 property of which the |oop forned by the bonding w thout the occurrence
of the curl ilngaddifrbamdethgquuainegsupré bhe ecempiferpidm beldswiiee directly
after being unreeled fromthe spool does not contact to the neighboring
1 odp i slowfay tde bed labopdéngs raigtiess ofweiba cABPERIIYhtardds is 15
insufficient, since the |oop contacts to the nei ghboring '

are protruded from the Al pad, and a short Failure occurs by

the contact of a neighboring compression ball. Since the

contact failure is increasingly apt to occur by the

shrinking of the Al pad area and a bonding pad pitch, it is
15 required that the roundness of the compression ball is

higher than that of the related art compression ball.

[0006]
Furthermore, meanwhile, at the same time the length of

a wire loop (hereinafter, referred to as a loop lenéth) for
20 joining the chip electrodes of the semiconductor devices to

the outer lead becomes long, the distance between the wire

loop and a neighboring loop parallel to the wire loop

becomes harrow. In order to cope with the above-described

states, it is required to make the diameter of the gold
25 alloy 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



| oop and shorts out, the bad sem conductor devices are produce to reduce
the yield ratio. [0007) In addition, the loop is forned by bonding the
wire, 20 and then being nolded by the resin. However, at this tinme, when
the bonding wire is influenced by the resin, since the bonding wire
contacts to the neighboring | oop and shorts out, the bad semn conductor
devi cesoager pindicediald pédagewihe. ywhdrd thet bondinghisespeductsas t he resin
flow, when the 25 dianeter of the related art gold alloy wire for the
bondi ngbywising sthes apdorl3oynyirdein edilehr (tbe icyrhard| 9Tproblem  However,
as the high integration of the sem conductor devices increases, the

di st ancRearde NG Hioprakssteodesbonding axidtsenpdvhRauEb®r devi ces becones
narrow. In order.to cope wth the high integration of the sem conductor
devi cesPeigboEdibegdiagpei For aert a5t 1Sy 3t BBOREr BCRATS ngththe, t hi n

di aneter, However, when the wire dianeter is,less than 20,5 m the loop is
easity Paf | RN NGEPRgChRRS ndF 8l PEPHIcahdo redpRe BReoYHEHYly, it is
necessarg to have the p[opfrt ( erehﬂgéter, referred to as,resin

f I owabi FREYP r edfazieam@gF icBathy chvishe TesidHames@ri ST dFhei R4S produce,

cVen oral e ¥ L sy 8 AILE, 9SS 10 CH00R) Benthugh @ gold
b IR AERE R M
7P UL 34 8 §P3GEL R 091 28 LS R RELLBR of e sert conductor
o, R BT PO e £S5, S 1 T BERLATEE e B
occurrence of the curling or meandering ({curvature or
bending) in the wire directly after being unreeled'from the
spool deoes not contact to the neighboring loop is referred
to as the straightness, When the straightness is
15 insufficient, since the loop contacts to the neighboring
loop and shorts out, the bad semiconductor devices are
produce to reduce the yield ratio.
(0007] |
In addition, the loop is formed by bonding the wire,
20 and then being molded by the resin. 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 semiconducteor devices are produced to reduce the
yield ratio. With respect to the resin flow, when the
25 diameter of the related art gold alloy wire for the bonding
wlre 1s 25 pm or 30 um, the resin flow is hardly problem.

However, as the high integration of the semiconductor

devices increases, the distance of the chip electrodes of



20 alloy wire for a bonding wire that has a | ow specific

sati sfies the above-nentioned characteristics. [0009] For the
above-nentioned difficult demand, the gold alloy wire for the bonding wire
described in patent 25 reference 1 has problenms in that a work hardening
ability of a free-air ball is lowand initial bonding ability is low. For
t hi s r edsorgeniicondscnotr HeeicpoIsidimest aaabbai, n dngotdkr dd eppwi re for a
bonding wire that can cope with the recent 6 above-nentioned denmand. An
obj ect with Hdhe hvight inbhegsat bon proihee samivpedeztet | deniqed,dthkel oy wire for
a bonding wire having high initial bonding ability, high bonding
rel i abibartdinghiighpeotindmed sbpfusimgpmieegirenhbuihg thgtt st rai ght ness, high
resin flowability resistance, and |l ow specific resistance. MEANS FOR

SOLVI NGiigHe tRRCBL EMBe vE 00 10 eri (EHEheviirey dabbese have  tesre thegedfch so as to
devel op a tgﬁld alloy wire for a bondlng wire having high initial

abi I5i t ymhi

Bondi hgy ea$ikpiinflpendegh

,resistance and

bondi ng

poundnekes melding edpitissi on bal |,

hi gh straightness, high resin flowability resistance, and |ow specific

resi st aiREn Thécﬁgrﬁééﬁle 11@)b‘t%lﬂ$§(§331§§rﬁ’h’é0r]@%‘éﬁr%hﬁ HTOPRI Y O] | ows;

(A) A

gold alloy wire has a conponent conposition onprising one or nore of Pt
B"fewatfaeresgemalfﬁqm agFPsilp f—é@ﬁ@bll#%frqﬂl@&ams ppm and Ca of
han 30 to 100 ppm and Eu of  nore_than 30 to 100 ppm _which are nore
20 tharPk H’&léhth?hée%blP of 50 ohp WitEiryitt he BEMHGRy ViYe® thoufhe rel ated
art in_.a high-purit ol d having purity of 99.999% by nmass. The above gold
al | oy vﬁ%“%&? ﬁ?@hg %i‘%‘i‘aqla“t?d;r‘?&{)'ng ability, high bonding reliability, high
rogBdness o&oogbfonpre35|on bal |, high straightness, high resin

and Pd
nore t

15

Even though a gold alloy wire for the bonding wire in
which the above-mentioned severe conditions are improved is
obtained, the resistance of the gold alloy wire is desirable
so as to be low in terms of heat or high frequency driving.
In particular, as described above, as the integration of the
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

20

alloy wire for a bonding wire that has a low specific

_resistance ang satisfies the above-mentioned characteristics.

23

[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



25 flowability resistance, and | ow specific resistance. (B) The gold alloy
w re having the conposition described in (A further conprises Se. of 0.1
to 20 ppm Since Be distorts a crysgal lattice of Au'to increase the 7
mechani cal strength of the gold alloy wire for the bonding wre and the
work hardening ability of a free-air ball and |owers a re-crystallizing

t enper adp@ee-menyip seppadt o An gkeqthethahghtingenbiepobs W5 a resul t,
since it i-s 5 possible to _obtain the proper height of a | oop, Be can be
added, P¥ovidessaore errethengodeldlalopeiwiaehiorng perdbghptisia i on
described in (B) further conprises one or nore of La, Ba, Sr, and Bi of 30
to 100 Ppwind histhaiinigiiadebending Hulniidal, DA 9bt PeRFGiRdof the gold alloy wire
for the bonding wire and the work hardening ability of a free-air ball are
i ncr easERfEARL Lig Yre MdARs EaRNEIDE 37y e fh&iOMPEEESEenr Btk #¥P he gol d al | oy

wire, it is, possible to reduce the height of | oop of the gold alloy wre.
15 ?FD) %ﬁ&%\?&ﬁ%&l% 12350 1HL AR Woﬁ@éilﬁég“i:‘ﬁfﬁféd ¥ d alloy wire

that is described i.n %fo to (C) and has high initial bonding ability, high
bondi ng®RFH 3 158y SERPGR" roundness of a conpression ball, high
straightness, high resin flowability resistance, and | ow specific
resistance, 20 it has little influence on the properties. (0011] The

i nvention based on th ve- descr.i S esults is as follows: (1)
A gold alloy wire forﬁggﬁgnﬁqﬂf%\#ﬁﬁngﬁhﬁgwé 25 initial bonding
ability, hiﬁB ggzding reliability, high roundness of a conpression ball,
hi gh straig tR , high resin flowability resistance, and | ow specific

resigstance pp1ag; ge kPP Ve RMOTLELIN AP LSNP LAR1YE Tore of Pt and
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. The
15 results, obtained by the research are as follows:

(A) A gold alloy wire has a component composition
comprising oné 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

20 than those of the gold alloy wire for the bonding wire in
the relatéd art in a high-purity gold having purity of
99.99%¢% by mass. The above gold alloy wire has high initial
bonding ability, high bonding réliability, high roundness of
a compression ball, - high straightness, high resin

25 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



- 8 Pd of 500 to-less than 1000 ppmin total, Ir of 1 to 100 ppm Ca of
nore than 30 to 100 ppm Eu of nore than 30 to 100 ppm and a bal ance being
Au and inevitable inpurities. (2) Agold alloy wire for a bonding wire
having high 5 initial bonding abﬂ-ﬂti, hi gh bonding reliability, high
roundness of a conpression ball, high straightness, high resin flowability

resi st apeeharfithll QWrep8ehl be £8S1 GSIRNGA 1A% ieCOFPORRMLERIMRSI ti on
conprising one or nmore of Pt and " Pd of 500 to | ess than 1000 ppmin total,

T of Iyife 1M RE wb@kChalliedDi§ 1A t30 olf0a109epPair Bbb O dMy e than 30 to
100 ppm Be of 0.1 to 20 ppm and a balance being Au and inevitable

i npuriti®@serd 3 ré-@@FI\]/@taMwm@ reerfg¥radubendiegiwi pesdiyiag i gh initial
bonding ability, high bonding reliability; high 15 roundness of a
conpr essd e ld heligph sErai phdpesAs i gesnesi nsihewabi l1idy resistance, and
| ow specific resistance has a conponent conpasition conprising one or nore
of Bt amiksiktdeoftoS@Bthan! ese piwperl MeAghpnoifnat bbap, B¢ @fn beto 100 ppm Ca
of nore. than 30 to 100 ppm Eu of nore than 30 to 100 ppm 20 Be of 0.1 to
20 ppmaduesd, o fraeeeetakg, Ba, Sr, and Bi of 30 to 100 ppmin total, and a
bal ance being Au and inevitable inpurities. (4) The gold alloy wre having
hi gh initial{Chofbe ngolabilldy wiltieghabondi tige rednadsiltiitopy,  hi gh roundness of a
25 conpression ball, high straightness, high resin flowability resistance,
and | owlssymadibeidc ine{Bst fnckhele smniprddgeisnoaryonercd ¢f1)La,o0 Ba3) Sumy furt her
conprise Ag of 1 to 10 ppm In a nethod of manufacturing a gold alloy wre
for a bowliBigofi B8 to9l0§ apprriredidtiad .goBdnat| blye wheehandtasdi al s obt ai ned by
conducting a draw ng process_the gold aIIoK wire materials having the

¢

coRfonesfirengipositt EBAsueba cal et Wire( fprt ghesbpording wire and the

work hardening ability of a free-air ball are increased and
a re-crystallizing temperature is ralsed in ﬁhe gold alioy
wire, it is péssible to reduce tﬂe height of loop of the
gold alloy wire.

15 (D) Even though Ag of 1 to 10 ppm is contained in the
gold alloy wire that is described in (A) to (C) and has high
iniﬁial‘bonding ability, high bonding'reliability,‘high
roundness of a2 compression ball, high straightness, high
resin flowability resistance, and low specific resistance,

20 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

25 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



as to have a predeterm ned di aneter, when 0.2% proof 5 strength (

gold alloy wire for the bonding wire is

and fracture elongation percentage is EL, it -may manufacture the
wire for the bonding wire satisfyiﬁg‘the fol |l owi ng equati ons und
anneal i ng tenperature of 550C or |less which is |lower than 10 the

anneal i fig d€MRY FURRss . Ehdn "Pod®ppr( a9 26EL1>_12. 8 X1 Mb 311003?ﬂ>én6

10$ It

is nore preferable that a reduction ratio by one die 1

Pa) of the

ao, 2, Young's nodulus (Pa) is E,

gold all oy
er an
related art
2% 5 EL 5
ring the

drawi ngcPrOcemTd $ha 90 LeSsoovHmt) iER b@WRbrthgRant i@ ¢@l@iegpart reduction

ratio.

The gold alloy wire for ‘the bonding wire for satisfying t

above- dgsgrd %Qan@@nseahgnﬁum hirghar asli eak ghtpesseand hi gher re

flowability resistance.

he
sin

0 Accordingly, according to the invention, (5) when

a. 2% proof gpyenggbldPa)ley Witk gokdaabbeyinwerd dfavimg BagHi ng wire is
ao.2, Young's nodulus (Pa) is E, and fracture elongation percent
t he sgol thiddilaly bowdiaghayi e ghi ghhiboinaingopdl hgbabity t Yaigh gh bondi ng 25
reliability, high roundness of a conpression ball, high straight
resin frowandgst pfr @scehpneesi@ndadldy hiphRcktraigkshsdsndaohescri bed in any

one of

(1) to (4) satisfies the followng equations: - 10 - E ?

age i s EL,
ness, high

75 GPa,

(QO 2/ BefAin? BloW@biliapdre 2PE6HEEE)%and004R) spetief bt neddisrtanicke reason why

t he conponent conposition

of the gold alloy wire for the bonding wire

accor dilap tao comgongntzendtmprs Hadmgompglisingt oaé dombryy cbibtti fapd hi gh

bondi ng

10

15

20

25

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, and a balance being Au and inevitable
impurities, |

(3) 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
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
apility, high bonding reliability, high roundness of a
comp}ession ball, high straightneés, high resin flowability
resiétance, and low gpecific resistance described in any one

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

method of manufacturing a gold alloy wire for a bonding wire



reliability, high roundness of a conpression ball, high straightness, high
resin flowability resistance, and |low 10 specific resistance is limted as
described above will be explained. {I] Conmponent Conposition (a) Pt and
Pd: Both Pt and Pd, which. forma conplete solid solubility 15 with Au,
cause the deterioration of the bonding strength of the conpression ball and
Al pad foriamndzlingngoildprdleyt iere bomick mig rselobébihedyby The | ayer ed- shape.
phase including Pt or Pd is formed in the vicinity of a bonding interface
to actcasdectinger Csevwiabl pdockss riler delyderalMioyhwiespezitetimlau 20

di ffusion) for decreasing a diffusion velocity of Au, thereby inhibiting the
gener at haginve| s toprpbneot dsompesict enangidacribedbdndi hy par t4)i saaccor dance
with the diffusion of Au. Accordingly, it is considered that Pt and Pd

i nhi bi ta% Heo devgr idoraedereoningd dbaeh Ry sthengPh2®dfpxert 25 conpression bal |
and Al pad and inprove the bonding reliability. As the anmount of Pt or Pd

i s A chstrenotdr fided ofofhenaebd tahkpeY iviFieodiorg thhebepttnhdi¥d ildbi lity) the
deterioration of the bondin? strength grows higher. However, - 11 when the
tmmeﬁmﬂw%%mm%%6mﬁﬁmeQmﬁﬁ@MmeWmt%eﬂmt
for inhibiting the deterjoration of the bonding strength s not obtained.
Meanwhi PEECEHeATe A8 Frotll mapdsnudpcsiEeokheofeldbeIPrYamd rPdiPE | arger than

1000 5 m, the resistance, of the gold alloy is raised. For,this reason, it
i s not fﬁfeef%n@ vhae PREIEHYHIO FOLJPWERE BAUSEARS GMAST 400 Pd be | ess

e SO0 %o HORDDRILSL, BN ACGOLd ML LIS ghak agount of one o
(D' T edd AR St NEn QLY Wl dltS, G0r sening of grains).
E > 75 GPa, | |
{6o.2/E) > 2.2 x 107, and
2% < Ep £ 10%
It is more preferable that a reduction ratio by one die
15 during the drawing process is 5% or less which is lower than
the related art reduction ratio. The gold alloy wire for
the bonding Qire for satisfying the above-described
conditions has higher straightness and higher resin
flowability resistance.
20 Accordingly, accofding to the invention,
{(5) when 0.2% broof strength (Pa} of the gold alloy
wire for the bonding wire is @p.2, Young’s modulus (Pa) is E,
and fracture elongation percentage is Er, the gold alloy
wire having high initial bonding ability, high bénding
25 reliability; high roundness of a compression ball, high
straightness, high res;n flowability resistance, and low
specific resistance described in any one of (1) to (4)

satisfies the following equations:



For this reason, when formng a free-air ball, it prevents the grain of a
wre part (heat-affected part) directly.on the ball from béing coarsened

" due to the effect of heat on 15 thejpall, and the solidified free-air bal

is formed froma great nunber of fine grains. In addition, the conpression'
ball evenly extends in a radial pattern, and the roundness ' of the

conpr essi onEodl 73i P& nproved. However, when the armount of Ir is less than 1
ppm it may not obtain a 20 predeterm ned effect. Meanwhile, when the anount
of Ir is |dPgarlEl a2 1D PPmi @che gold alloy wire for the bonding wire
containing gne or nore of Pt and Pd of 500 to less than 1000 ppmin total,
the effects2dré& BatudfPed and are not apparently inproved, thus causing IC
chips to destr%ﬁt or 25 inpair. For this reason, it is not preferable that
the amount 8PLF} be Iess than 1 ppm and | arger than 100 ppm Accordi ngly,
t he _amount %f I ig set within the range of 1 "to 100 %pnx 12 - (c) Ca: Ca
whi ©h i s anBAFRAPPERSY ¢ MR RA2S9Rd YR¥s TRRCHMRAUIC T GAPPEAELE™ | ar ger t han
that of Au.distqrts.the crystal lattice.,of Au, thereby, increasing the

e chani Eal Gt Bk ALOPY SIIE He PR POPAARFENTER THEBHTA 45 &P and wor k
har deni n hi | of the free-air ball., raisi the re-crystallizing
Fonper ttedt Lo hhsRbg Rt s Her g B oBrLPBORE bl it YU BOREY i r o
However, when . t.he apount_of i s less than : Si t he wor k

har denirneglla |1Ililtty i E??gmﬁ?%r&%aet%seroggﬁ meP]éﬁégll%rgpé%lel’i %ﬁt%ihal bondi ng
ability, it.Lon e__Si :§:LOW, LT [ fficulit to satisfy the
condi tisotnﬂsaqggﬂgqﬁ%’7gi%£>afe%vr¥1.e@'/%%biii!tg §eﬁ)§§mgérfd () <1E)EL S 10%

Thepef .t I S; resin.f plity j Sh:anc are | ower.

Ve dnun e s, SEREL AT, ARl e UYBPNCd LR SHATBe Ol St TTy o
oxi des dy8,139ReKat ed on the surface of

[I] Component Composition
{(2) Pt and Bd:
Both Pt and Fd, which form a complete solid solubility
15 with Au, cause the deteriloration of the bonding strength of
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
20 diffusion) for decreaéing a diffusion velcocity 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
25 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,



a free-air ball during the bonding of balls, and |large shrinkage hol es,

whi ch do not contribute to the bonding, are forned at the.bottomcenter of
the free-air ball. Since the initiaj Qonding ability of the ball bonding is
| owered, it 20 is not preferable that the anmount of Ca be 30 ppmor |ess or

| arger than 100 ppm. Accordingly, the amount of Ca is set wthin the range
of nor ewhémnt1d3d torall0Gmepnt ¢ ) ol oFunard oif iPt andaPd earldssretal "and has
the netal bond 25 radius larger than that of Au distorts the crystal

| atti cethafh Q0 ppwer ¢y efifectsfoy idielbigdmanitbel deteehorstidn tdfe gol d
alloy wire for the bonding wire and the work hardening ability of free-air
bal |, reheibendirg sdrengshalsizdhpbtaifed.enpleravhibe, avden o i ng t he

hei ght of |oop of the gold alloy wire. In addition, since Eu has a netal
bondi ngtokali arpwitgmiff coanet ymoxe g Rthamdottded srpeagsr han afe- nenti oned
effect is significant -in the gold alloy wire for 5 the bonding wire having a
smald  dPemetidre (Gesisdenceuphrthe galtbtdd aveds rRafedo nfor HdWever, when the
amount of Eu is 30 ppmor less, the work hardening ability is |owered,

t her ebyr$2%@ti i tlife ki Prafe e Mg adbitier Fotmdr aReNT of RNE t9Fe strength
is lower, it is difficult to satisfy the 10 conditions of E > 75 GPa,

(va_2/ Byoxe 0H Br fadsPdahg Degx than 300 ppey, oxndPRP PR e &fF&Li-ght ness and
resin flowabjlity resistance are |o Nbanmhile,{g@en the amount of Eu is

r.
| ar ger AFERFHTYLYpmthg §obdt i 35Ot &G @8 P BeReraf et o itk 1Surf ace of

free-air ball duri t he bondi of halls, 15 | ar ge shrinkage hol es,
which(ﬁFFKHIQRHﬁFE%uFQ“?% ?ﬂéﬂﬂ%dﬁhﬁﬁﬁﬁ §P8nfgﬁﬁ%dpﬁg'the bott om cent er of
thﬁofree-air bgl[. Since the initial bonding ability of the ball bonding

i Iomered,(Pﬁ i§ not preferable that the anount of Eu.be 30 ppmor |ess

and IargerI&h%gh%ggtgpggeegggﬁgj%%I%raggg (coarsening of grains).
For this reason, when forming a free-air ball, it prevents
the grain of a wire part (heat-affected part) directly on
the ball from being coarsened due to the effect of heat on
15 the ball, and the solidified free-air ball is formed from a
grgét number of fine grains. In addition, the compression’
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
20 pfedeterﬁined 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
25 impair. 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.



20 anmobunt of Eu is set within the range of nore than 30 to 100 ppm (e) Be:
Be has the netal bond radius snmaller than that of Au and distorts the
crystal lattice of Au, thereby |ncrgfslng 25 the nechanical strength of the
gold aIon wire for the bondi ng wireand the work hardening ability of
free-air ball. 1In a case of containing Be together with Ca and Eu, since

t he re-cryst{all cakng tenperature |lowers and the height of 14 |oop rises to
realize the proper height of loop, it is possible to add, if necessary.
However, when whecAnbsingn oflkaBe iemritdsmethinafd hgypmhe tmeray not obtain a
predeterm ned effect. Meanwhile, when the anobunt of Be is larger than 20 5
ppm a lspraditiddd uaf laxbdesthsn gener atfedhwonishersartlaeecofstdlr ee-air bal |
during the bonding of balls, |arge shrinkage holes, which do not contribute
'to t he bondiaeg,ofake,f oherebat indimdioig divecmatbanbéal het fargghaiof bal | .
"Accordingly, the initial bonding ability of the ball bonding is | owered
and 510 thee gilzke adflogr @iins Hér tttee dioneldinigy vappeangaverlofhdraddniangd t he bal |
part increases, thus deteriorating the roundness of the conpression bal
part. Foriltitiys ofe&benfree-asr notll prefisnabl shehae-chigstadduiringf Be be | ess
than 0.1 ppmand Ilarger than 20 ppm Accordingly, the anmount of Be is set
15 wi t Hiemper@tugsgeant doverin@thspieioght) ofalodd oBrthea®lRl : La which is a
rare earth nmetal, Ba and Sr which are alkali earth metals, and Bi which is
in a 5@Jg1rcuuprléﬁ t hHowpEeF oihens Jiee AMQNBT pBE ST b9 t ke el dhant 3Recessary, in
order 20 to increase the nechanical strength of the(gold aIon wire for the
bondi nPRRr S1888 the Werk ¢Qﬁ4ﬁﬂ%ﬂ@ga&BﬁPFVyléfl?W%Eﬁ aifheFgbyY, raise the

re-crystallizing tenperature, and | ower, the_height of |0 of the gol d
aIIny qq;rlp@“gpgrggég%@g bonéﬁng ability. In aébltlon, %% g

strength is low, it is difficult to satisfy the conditions
of E 2 75 GPa, (0¢.2/E) = 2.2 x 1077, and 2% < By < 10%.
Therefore, the straightness and resin flowability resistance
are lower. Meanwhile, when the amount of Ca is larger than
15 100 ppm, a quantity of oxides is generated on the surface of
a free-air ball during tﬁe bonding of balls, and large
shrinkage holes, which do not contribute to the bondling, are
formed at the. bottom-center of the free-air ball, Since the
initial bonding Ability of the ball bonding is lowered, it
20 ié 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: l
Eu which is a rarelearth metal and has the metal bond
25 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



t hough the amobunt of at |east one of La, Ba, Sr, and Bi is 25 less than 30
ppm it may not obtain a predeterm ned effect. Meanwhile, when the anount
of at |east one of La, Ba, Sr, and @i_is | arger than 100 ppm a quantity of
oxides is generated on the surface 0of free-air ball during the bonding 15
of balls; and | arge shrinkage holes, which do not contribute to the

bondi ngtemperdtormed aald lbeebdhyothe antigyhtofoft heopr eé-thergdld | . Accordi ngly,
the initial bonding ability of the ball bonding is | owered. For this
reason, alloy svint, 5 Ipr efidiabhbe, t itce B dhasuat metadt bohdirsy one of La, Ba,
Sr, and Bi be less than 30 ppm and | arger than 100 ppm Accordingly, the
anount opadfws |slagti famantlylLaar@ar Sign andierBmeitalset the takboveg-he range of 30
to 100 ppm (g) Ag; 10 Even though Ag of 1 to 10 ppmis contained, it has
little bemticreck edifecheipr opgnifesantAcootdiengbyd Aloy whrrlddr i f necessary.
However, when the anount of Ag is over 10 ppm the initial bonding ability
tends tBheddrglimgedireThavenare, small sdligpetpreflénappetimatathe anount of Ag
be 15 over 10 ppm [I1] mechanical Property Al of the gold alloy wires for
t he bondiaRet@n dessomhann?fgitithe disiadedeswhppelihe odpRmehtofc Epositi on have
high injtial bonding ability, high bonding reliability, high 20 roundness of
a conprissibiPHFalor, 1rS5h 5he aVeRk dasedendnghabisaty #5 oleistady resi stance,
and | ow specific resistance,  However, when nmanufacturing the gold alloy
wire fornerRPY gomaragonwihe tpigkak bangdings gbihétgondf¥¥diRtof E > 75 GPa,
(60.2/E),2 2.2 x 10-3, and 2% <- EL 5 ,10% hy, defining 0.2% 25 proof strength
(Pa) ofgjc’i‘]%e Joied SAFFBYTRI +2 BeWe, At v@uﬁggﬁlcwiaumssitﬁa%fvaghe, and

[r G Ur St Onga) on ROLORDIANE a5 Frn) 8'h 9T Uipagolgadfd glies for the
10%. Therefore, the straightness and resin flowability
resistance are lower. Meanwhile, when the amount.of Eu.is
laxger than.100 ppm, a quantity of oxides is generated on
the surface of free~air ball during the bonding of balls,

15 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 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

20 amount of Eu is set within the range of more than 30 to 100
ppm.

{e} BRe:
Be has the metal bond radius smaller than that of Au
and distorts the crystal lattice of Au, theresby increasing

25 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 contalning Be together with Ca and Eu, since

the re=-crystallizing temperature lowers and the height of



t he above-descri bed conponent conposition have hirgher - 16 straightness and
hi gher resin flowability resistance. (0013] The reason is. as follows; In a
case of E < 75 GPa, that is, when-tlAd ¥Young's 5 nodulus is |ow, the bonded
gold alloy wire largely flows by the resin (that is, the resin flowis

I ing, th | di the wire ding, thereby th tact
{1 equentolna-Sor Aeahidrey o PERRehaI el Gf WPPBe Ladlacent (o each

ot her ipncrease. Theregfore, the yield ratio 10 of sem conductor chips is
FeducedPE TR Eo A o 5 pefSabaty TN, Phetobp, BRRTRE S apldly i s
0 aucle PTG B BBk G ShRTORYS P BRRCS BPIAB R 12" 7ok s
fractur SeEFhgatan barsanr sl HE R ¥ 88" 1oR SRBEE B KL Tt es

t he £congj ti ons : n . - hegefore, the
stréfgh?%%%§gcpgﬂp§&§bég S ?ﬁg g%g n %#%gﬁq<ﬁ§r§2§e%8r€%%%ﬁff 20 Accordi ng
to the j i tyh Lagt i r.Cce 9 he 0. 2% pr oof
st rengt E?g‘%[%if%%l,l ?ﬁ%l?l %eldﬁ%oﬁéllg%%!b&gq(s Pa?ggggt%rigﬁacféal | oy W ?g for
the bong g, WH:i&HR HBRSHLRE Diuiensd %@ie“%ohh?n??'ﬁré" ES¥meM & up to be
fractured by a tension tester in the conditions of the 25 di stance between

gauge pehdlsot tii)l JERcardod tRESELEe- ¥ A1 - ABCBPAIMGLY € @le @ TOOM
tenperature. [0015] Here, strain and tension stress afe defined as foll ows.

17 Strgafcral ndieldabi 00t { ¥ ©e 8 1904 dahhoys W seafed ddde  bondi ng
wire / 100 mm and tension stress (Pa) = tension
10 the slze of grains of the directly upper part of ball and
the ball part increasesg, thus deteriorating the roundnesé of
the compression ball part. For this reason, it is not
preferable that the amount of Be be less than 0.1 ppm and
larger than 20 ppm. Accordingly, the amount of Be is set
15 within the range of 0.1 to 20 ppm.
| (f) La, 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

20 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

25 less than 30 pbm, it may not obtain a predetermined efféct.
Meanwhile, when the amount of at least 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



load (N) / initial sectional area (nR2) of the gold alloy wre for the
bonding wire. In addition, the fracture 5 el ongation percentage EL (%, the
0. 2% proof strength ao,2 (Pa), andighe Young's nodulus (Pa) are defined as
follows. The fracture elongation percentage EL (% = strain when the gold
alloy wire is fractured x 100 = [el ongation (mm when the gold alloy wre

i s fracPhrealys ;1609 daypexshonkage hges, 20hdeBoflo shel R EHPYEE( Pa) ;
tension stress (Pa) in applying a permanent: deformation of 0.2%to the gold
all oy Werighg diondiddnoAdenferned. al thedrotiten-centexovhgthe fdd@Gus (Pa);
the ratip of tension stress and strain, that is, tensjon (;sdér ss (Pa) /
strain, 2+h R r aRGEORAEPELY enchoninifsadt peadingdaki+th o &hen direct
proportj o EFFECTS ,OF. THE | NVENTI ON. ,[0016] As descri bed above, the gold

al l oy wp fkiﬁmgﬁ‘@ BEndPHgEe20 wite %o?&?%@nt olt e i¥fenti on has excel | ent

s WP i Sltinfl i frina e e o o
pol a2y 2 A sk S Pt iOEadll, W Fethomsi bl o s mrove
fe191[ eE:Pe %%? lﬁ)i&n "rg‘gf:%r_g?%?ﬁgofoaa ﬁe?aisﬁ\légﬂﬁ Sﬁ ?%SG C%,rsrpTﬁiEglI%ﬁi//E%fg\ll ent

[ 0017] S% &ﬁ%e& ﬁgékémxr%h%g?nﬁggg&w%&i grojgt 7719 p.mwas 5 manufact ured

by a draw'n gPr RGESS a gold alloy wire material having a wire dianmeter; 50
m and havi ng conponent conpositions indicated in Tables 1 to 3 at a

redyction rabbf eR¥udadlict Qf ¢4 8% phil" thelon@Aidl Al 1eynykres for a bonding
little influence on the properties. Accordingly, Ag is
added, if necessary. However, when the amoun; of Ag is over
10 ppm, the initial bonding ability tends to be lowered.
Therefore, it is not preferable that the amount of Ag be
15 over 10 ppm.’
[IT] mechanical Property
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
20 roundness of a compression ball, high straightness, high
resin flowability resistance, and low specific resistance.
However, when manufacturing the gold allby wire for the
bonding wire so as to satisfy the conditions of E = 75 GPa,
,(Umszf 2 2.2 x 107, and 2% £ E. < 10% by defining 0.2%
25 proof strength {(Pa) of the gold alloy wire as ap,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



wire according to the invention (hereinafter, referred to as 10 wires
according to the invention) 1 to 34, conparative gold alloy wres for a
bonding wire (hereinafter, referredigo-as conparative wires) 1 to 20, and
the related art gold alloy wre for a bonding wire (hereinafter, referred
to as the related art wre) 1 were nmanufactured by annealing the gold 15
al | oy mFFéabﬁh?QﬁﬁﬁN%ﬁQJmégmﬁéléﬁﬁéﬂ flowalilds 4 ne§16L2BR8: t aken-out by an
i mredi at e spool radius: 50 nm Here, in the annealing and w ndi ng

process, tImaQQ%ﬁ of all of sheaves (pulleys) using for changi ng paths of
the wires ar e el ongation percentage EL, Young's nodul us 20

ﬁ; mm A fractur

(Pa) E, and GS2%5r-68f 1§-t?%n§‘i‘I‘1l‘{"Iisa') 60.2 were neasured by wi ndi ng by a
spool having a radius of 25 0, m,t he re taﬁen- gut - by the

i medi ate spdbl? &ﬁaerQEDQi %i 8 °5fl?herF?et%? 4% S and 60,2 / E was

| cul h I d bl 6 h he 2
Cpect 1| BRI Ceidetof e L 5&3&&6 Jadoehe R of e
t ' t ed Tabl I fi
i L ﬁ%‘?lerﬁifﬁﬁ eyt AYEREEnrte. Resi ot ances
(1) hleil? 4 AP 58 WSLE BERILEd B A QS UL L et er 11 the

condi t i ORS stancé ween uge pornt’s: mMmat a room

t enper h e re obtained with
t he fo?Iyéﬁﬁlﬁgp H?fgﬁB? e%u&%?resﬁﬁlt%t é%EIE%IEI §lr%§|stance (0) x
Cross- I Pl r ording to
t he |nvéag:I:aI(I)ér)III-'a edgg%gﬁgflbgg%ﬁes 111?%%%%%% gﬁﬁe rQI(giIre%qg)rt W ?e 1

having of @ena%%%%rcemg@ Iéoi:@ddéw Laggpdy EI%'E?I?I es 1.0, 30and 10 the

mechani cal properties indicated in Tables 4 to 6 were set in wre bond

(maxam QA&'%&ofEﬁm{fb@C@EEﬁ@gﬂhé@é I féﬁd&y Saf '1ﬂ1pr60@dt hgndoftingneas perfornmed
on the substrate in

fracture elongation percentage 1is less than 2%, the residual
distortion of the gold alloy wire after drawing the wire
regides after annealing and the straightness is low. 1In

15 addition, when the fracture elongation percentage is higher
than 10%, Most of them satisfies the conditions of E < 75
GPa and (6o.2/E) < 2.2 x 107°. Therefore, the straightness
ig reduced or the resin flow increases.

(0014]

20 According to the invention, the fracture elongation
percentage E, (%), the 0.2% proof strength o,.2 (Pa), and the
Young’s modulus (Pa) of the gold alloy wire for the bonding
wire are measured by tensicning the gold alloy Qire up to be
fractured by a tension'tester in the conditions of the

25 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.



which 1 C chips of the sem conductor were nounted under the conditions of
heating tenperature: 150C, the length of 15 loop: 5 mm the height of |oop:
220 pm the dianmeter of a conpres§iqn_ball: 34 m and the height of the
conpression ball: 8 pm The straightness, initial bonding ability, and
roundness of the conpression ball with respect to the wires 1 to 34

accor di g radnt kethavehtngat idrhe{mmdnpér ehe vegold raekldy walet 6o20thand t he
related art wire 1 were estinmated by followi ng nmeasurenments. Strai ghtness
Esti mat bondib00090ré o6pE0vere rmmautacsiiordsatess pddlpit tendishance of 45 m
Wi th respect to each of the sanples, and. the nunber 25 (contacting nunber)
of pl acdsaborNEont tettiml betakdionalhereai gifdorcifnghkogpidwablarasur ed.
Accordingly, the straightness was estimated by indicating the results in
Tabl es #ire 6or2the bhending wBaoedabilhi agdEsidmmttiten £ragdodel oops attached to
each of the.sanples were manufactured, and the nunber (nunber of bal

i ft®) oflonpabsontpexcanriadtomor éski dhendl.2% praef BbreRUth Fohe Al pad
during 5 the bonding of balls was neasured. Accordingly, the initial

bondi ng (8B v i 85dviake ckunttsedogplpadiRak i awp tded inesuess fphlovabl es 4 to 6,
Conpressi on Bal|l Roundness Estimation: By.observing 100 conpression balls
with redpectrasteserelomadionheesaaptade fndfh)ar Sgira%%ewﬁ%n dhfood, it
indicates_as _"0", and even though one bad exists, ,it indicates as "x".
Accor di ALY, atheY rebifines L ARgs vEsei fat QY Dyl sledigesirRg (TRE WR¥ults in
Tables 4 to 6, Bonding Reliability Estipation: 15 Af hol di ng for 1000
hours i AP§i FOLE A5HRY WigE dod ac{%%?é ggidpr@%%écf ﬁaeadﬁh%anple wer e

CO”PHCt8ngyppggglg¥&ength Go.2 (Pa}): tension stress (Pa) in

apﬁlying a permanent deformation of 0.2% to the gold alloy
wire for the bonding wire. In addition, the Young’s modulus
(Pa): the ratio of tension stress and strain, that is,
tension stress (éa) / strain, in the range where tension

15 stress and strain are in direct proportion.

EFFECTS OF THE INVE‘.i\JTION
(0016]
As described above, the gold alloy wire for the bonding
20 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
25 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.



a tool on a bending part (kink) of the loop directly on the conpression
ball. The fracture in the proof tests is referred to as a fracture (ball
lift) in the bonding 20 interface of the conpression ball and Al pad. By
observing the conpression balls, WHén-all the fractures were occurred in a
neck, it was estimated.as "0", and even though one ball |ift exists, it was
estimated as "x". Further, the height of loop and the resin flowability 25
resistance with respect to the wires 1 to 34 according to the invention

havi ng the conponggisTCARBRSHOR OMERRINE ORiredHENINTBRTESN 1 to 3 and the
mechani cal properties indicated in Tables 4 to 6, the conparative wires 1

to 20, and theoRl) - related art wire 1 were estimted. Height of Loop: The
wires 1 to 34 according to. the invention, the conparative wires 1 to 20,

and the rel ategbias tal\MolyewiraamwgngSatvmzecmraa\@ta& copp@aiwaons indicated in
Tables 1 to 3 and the nechanical properties indicated in Tables 4 to 6 were

set bn whaushtetubeddy rxEWings provsss actayledl da duhiickem&tetpif a, and the
| oopi ng were nounted was perforned under the conditions of the dianmeter of

t he conpaesagon witd :didnenertO S0hgmhend Mawiing heonmpamenessi on ball: 8 m and
the length of loop: 1 mmw thout doing reverse. The highest part of the
| oop andotmpesheight iofditda¢eslr da TibDés phd e @ measwdedthynaratight
m croscope, and the difference of the highest part of the |oop and the
hei ght bl bhe dieaDf4 A% .padfuntibeoht @dhibd v awides Keirght bofidimpp.
Accordingly, the height of loop was estimated by indicating the results in
- Tabl es wire Bccqeding Floowdhlei HLnvenResn sthaissinaditegy, gederngdwie hasin epoxy
resin the substrate in which the bonded I C chips of the sem conductor were
moukl edwizesuaeeyrding dondhei dnventier) |lergt Blof doowprasiveng®ly using a
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 drt wire) 1 were manufactured by annealing the gold
15 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 Ep, Young’s modulus
20 (Pa) E, and 0.2% proof strength {Pa) 6&# 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, the
25 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



nol di ng apparatus, the inside of the sem conductor chip was X-ray projected
by using a soft X-ray non-destruction inspection systemand the flow ng
rates where the maxi num portion of the wire flow were neasured at 20 tines.
By 25 dividing the average val ue of 1thé neasured flow rates by the length
of | oop, the obtained value (% was defined as a resin flow, and the resin

flow wa%amgqs.yrﬁélre Arsontidlty, a Higitgsi mult oneddd iihy thesi stance was
estinmated by indicating - 22 - the results in Tables 4 to 6. [0018] 23

Tabl e 1cdnd@tiols Uofl the) di stathce BethéleN g’a&—?éj pbm%sl 500 hmlad 4 1 1111
111211111 10000010111 I 111 auN11111
|1

1
111 lrboh tedpdrdtdrd, lank theusbeblﬁlé ﬁeilétdndeslof theé wited |1 0
n"a 1111111111111 I(Do 8w 0 700000000000 MmO

0
0 N Ca k@r8 6btamdd 'witl) the Hohlbwifgléqidtibl0 b 10 M-4 ID10 Il 0 a Q
0O0O0O0D0DO0OO0O0O0D0ODOD0ODODAaoOoO0OVW'" 1 Nei r-1r1r12'2¢tiri ede r1 . -I
tisrl 'rl Spedific resistance (uQcm) = resistance () x cross-

1
N ti
sectional area (cm?) / S50(cm) x 10°
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
10 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 undexr the
conditions of heating temperatpre: 150°C, the length of
i5 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 pm, The straightness, initial bonding ability, and
roundness of the compregsion ball with respect to the wires
1 to 34 according to the invention, the comparative wires 1
20 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 pm with respect to each of the samples, and the number
25 (contacting number) of places for contacting between the
neighhoring loops was measured. Accordingly, the

straightness was estimated by indicating the results in

Tables 4 to 6.
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1 1 1 1tbatOtheacgmpression ball is not bonded to the Al pad during

5 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
10 of the samples, when all of them ére good, it indicates as
"O", and even though one bad exists, it indicates as "x".
Accordingly, the roundness was estimated by indicating thé
results in Tables 4 to 6.
Bonding Reliability Estimation:
15 After h&lding for 1000 hours in air of 150°C, 100 proof
tests with respect to each sample were conducted by hanging
a toocl on a bending ﬁart {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
20 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
25 resistaACe 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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Height of Loop!:
The wires 1 to 34 according to the invention, the
comparative wires 1 to 20, and the related art wire 1 having
S5 the component compositions indicated in Tables 1 to 3 and
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 um,
10 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
15 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
20 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
inspéction system and the flowing rates where the maximum
portioﬁ of the wire flow were measured at 20 times. By
25 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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6 that t res 1 to 34 according to t i nvention_have | ow specific
reS|sta%€%le%k%éV? thets ths; YhFsesk, tq:ﬁ%.%ﬁc°6 ﬁBﬂn@oaBP?lty roundness, of

the corpr esi 90 Bald - BOngLIg L€l ] 8bl e 1Y L55bR, 1 owabl ity

5 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

10 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.



resi stance, and nore particularly, with respect to the excellent
straightness, initial bonding ability, roundness of the conpression ball,
bonding reliability, and resin 10 f1dfability resistance, the conparative
wires 1 to 20 and the related art wire 1 have a defect of at |east one of
the ,ab desceippskpraperties, 30 - WHAT IS CLAIMED ISt 1. A gold all oy
Wre forﬂgﬁgoﬁ%|%% MAggzgﬁat has high initial bonding ability, high bonding
reliability, high 5 roundness of a conpression ball, high strai ghtness, high
resin flowability resistance, and | ow specific resistance, the gold alloy

wre having: g c n [ [ g and Pd of
500 to less than 8'%pt8%1§|82pﬁg%éa 6t Cdog‘brnfahg W%Q %afrg{n%es chdoﬁf nore than

30 to 109nppMm1 Esbrghr@ra%ltlh@;g 39159 x;&(a;nﬁnra&c;bameyanﬁfgrbel ng Au and

i nevitable inmpurities. . gold alloy wire for a bondlng W re that has
hi gh 51 nikbhRdn®SNUHMG @aﬂprbﬁslbhgﬂappndu% rslria3dhkhbYs, Mhobh 15 roundness
of a conpression ball, high stralghtness igh resin flomablllty

resi stane@slﬁnﬂldmlsm:@ fle@gibeaheé ANGed 1dwepeelidial keyistdscdavi ng: a
conponent conposition conprising one or nore of Pt and Pd of 500 to |ess

than 1000h@pgoid 41U} wikke Bhvingp 100 20 ppm 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 bei ng
Au and ineviad amponentr tomess Lt oA q@aipd ialihgyote rer fmsren dfokdi ng. Wi re t hat
has high 25 initial. bonding ability, high bonding reliability, high
roundnessndfPd abriflessi desbathan hl @0 gipraiighttoeésd/, brghf Y esi nldd.owability
resi stance, and |ow specific resistance, the gold alloy wire having: 31

10 ppm, Ca of more than 30 to 100 ppm, Eu of more than 30 to

100 ppm, and a balance being Au and inevitable impurities.

2. A gold alloy-wire for a bonding wire that has high
initial bonding ability, high bonding reliability, high
15 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
20 ﬁpm, Ca of more than 30 to 100 ﬁpm, 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 ﬁire for a bonding wire that has high
25 initial bonding ability, high bonding reliability, higﬁ
roundness of a compressiAn ball, high straightness, high
resin flowability resistance, and low specific resistance,

the gold alloy wire having:



a conponent conposition conprising one or nore of Pt and Pd of 500 to.less
than 1000 ppmin total, Ir 1 to 100 ppm Ca of nore than 30 to 100 ppm Eu
of nore than 30 to 100 ppm Be of @l1-to 20 ppm one or nore of La, Ba, Sr,
and 5 Bi.of 30 to 100 ppmin total, and a balance being Au and inevitable

mouri LS. 4ol Lo o d8ftha bondng e thatpas hi oh

initial bon ndi ng re Iity, roundness of a

conpr esghanpdads sdy A Sidsadi 9RLACEH90 NhOR f@se&afﬂ,f%bhl E&ymgsi stance, and

| ow specific resistance according to any one of clains 1 to 3, further

conpri Sb?ﬂi cd\% Pmclrd Enkd @,mo_l@o@-%axﬁy_e €0/ dk HorY tWhh €36 0fo t he bonding
wre tha as high initial bonding ability, high bonding relitability, high

roundnesggooppi, GRIMIEII10Rb2L! pphi IbnStERIHHNFS Lalli BB, §£31dhd | owability
resi stance, and | ow specific resistance according- to any one of clains 1

to 45 28iVhersd o W pm¥nPEeehl stEed el hdiRdccObelilg 8R! gndalloy wire for

the bonding wire is ao,2, Young's nodulus (Pa) is E, and fracture
el ongat i pav peswentis digikk, the follow ng equations are satisfied E > 75
GPa; 25 (ao0.2/E) ? 2.2 x 10-3; and 2%5 EL 5 10% :
4. The gold alloy wire for the bonding wire that has
high initial bonding ability, high bonding reliability, high
10 roundness of a compression ball, high straightness, high '
resin flowability resistance, and low specific resistance
according to any one of claims 1 to 3, further comprising:

" Aq of 1 to 10 ppm.

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

20 wherein, when 0.2% proof satrength (Pa} of. the gold
alloy wire for the bonding wire is o2, Young’s modulus (Pa)
is E, and fracture elongation percentage is E;, the
following equations are satisfied

E 2 75 GPa;
25 (Go.2/E} 2 2.2 x 107%; and

2% £ Ep € 10%.





