Ag- Au- Pd Ternary All oy Bonding Wre [Technical Field] [0001] The present
invention relates to a bonding wire made of an Ag-Au-Pd ternary all oy
suitabl e for connecting base plates such as I C chip el ectrodes and
external ly drawn-out |eads used in a sem conductor device, and especially
relates to an Ag-Au-Pd ternary alloy bonding wire used under a high
tenperature conditionzgue-@8 TR rad rgutrQmeli e nvehkicchiexer in a high speed
devi ce. [Background Technol ogy] [0002] Conventionally, as a gold wire to
connect, in a sem conductor device, an IC chip electrode to an externally
dr awn- out |.ead, .a _gol ir.e having a purity of 99.99 mass % or hi gher nade
of a high[gﬁ¥?%§£6%1éqﬁﬁ%gd wth a trace quantity of another netallic

el ement has been used widely for the reason of high dependability. The
usage of such a pure gold wire as this is such that one end of the wire is
connect ed [0 0d Ipur e albmimugmgrAl Jnpadt den ar lalt ds oy agagbimani F €malaiep

el ectrode by neans of a ultrasonic wave-assisted thermal bondi ng net hod,
and t he otcHexn dndAus Pdomnecedat doarsieXtadriralbok eathrarcttihg bake pdmt@sci rcui t
board, and thereafter the circuit is sealed with a resin to nake a

sem conductath deviCehiBueheat pudes aduinextmrhAll)l ypadaandoan kdaus memdal | oy
pad as these are usually fornmed by vacuum deposition.

t her ei sdi sel #sedanenndapanetePatent A deationRubki eatsan HOX2A293L "a
gold alloy fine wire for sem conductor devices characterized by consisting
of , by weitghthary0-£6006Agbandifg008+Q 8%6d, upkbes i) EoghI RakipeR Atz t he
above, 0.005-5% by weight, in total, of at |east one elenent selected from
Cu, Pd andoRtitaneé 9uBH02s0:03% Byireeightve kBntetal orofnad HieastspeRey

el ement selected fromCa, Be, La, Ce and Y, and the bal ance being gold and
i nevitabl gekApUrities.” Al so, Japanese Patent Application
Publ i cati on 2000- 150562 di scloses "a gold alloy fine wire for bonding with
sem conduct or device nade of a gold alloy containing Ag by 1 to 50 wt. %
Pd by 0.8 to i@mﬁ. % Ti by 0.1 to 2 w. ppm plus one or nore selected
from Ca, BEASKITLEHy TECRHO589%E. ppm and the remaining part consisting of
gold and inevitable inpurities. The bonding wires such as these were

devel oped as alternative wires for gold wire and were intended to reduce

t he consurpuican of cosbhyegoldnbAuy, asswal hoasa worenabl echoemati an of nelt
ball in the atnosphere. [0004] However, in the case of a bonding wre nade

of an Ag- AunPdoakbleyow tvihe,skhver cAgp eorterbdexeeednnexe@r96.1 1kt has
been experienced that when it is ball-bonded in the natural atnosphere,

sone oxi dgsaf@pPanat echd, theyay ace Qévmﬁ g dribal biwbbhoa pesuld Sthat the
bal | does not bond well to the target such as an al um num all oy pad. Such

oxi des or hgyRakenbheM AN QM 3hRed ) @ol BeqsauuAG; c AN 3% SUeh glergnt s

added in trace anounts and t'he inevitable inpurities separate I n theé

surface Of :thgo bt realh ey cfionp!ies Mkt hec 9X4aRN J Pokhenalimpspper e and
turn oxides. en the content o? silver (Ag) exceeds 60 %
the rigidity t LNg: Wi.re i |f. be ol i.t, was a
comon prggtpg htggggﬁ?%%?g%h 'ng¥%i§sggﬁaﬁﬁg§§f§eaﬁggggﬁﬁﬁgf%Q%%égFing.

For exanple, .in_J e Paf ent pl i catiqn Puhbljcatiaon . HO3-79851

(her ei naf ttg?'srg erg{rggg ?%ags{gﬁ%]Pe%Eb# c%ﬁél 8’?%)%' ?lst r%nene%teléoqgits?c%ogéﬁe" W res
made of Ag-Pd.all oy, Au-Ag-Pd all oy, etc..which have n. heat-treated at
Cenper at U I GRey W nHATERE P odpEeri T T Wbr YEral Tt an' Saerseare.  and
Japanese Patent Application Publication 2010-171378 discloses a method for
manuf act uEiyn "%”Wpedﬁﬁjaief- %‘%0%6-‘“gé%’ldd’-csiidlS\f‘”é-r"}-ﬁéﬁ ]"éﬂfﬂﬁ?d?cflb “bﬂwf“@ﬁgﬁﬁls been
drawn to a@gﬁre di ameter of 0.050 nm- 0.010 mm and_contains gold by 8.00 -
30.00 wt . 29§ahle s5h Py 66. BONLCGPCOI WA S5aRd pal FaaT Ut By 018 6. 00
wt. % consisting of cleansing and drying the wire surface and then
anneal i ng®"[ B005] Polesi2Tdn 2Ke TEEE26F T4 BBRITHEC W T - heidé 1619 ¥nTAg- Au- Pd
ternary alloy, a fact exists that the greater the content of silver (Ag) is
the nore 8x¥gehtisC taikeh & ASPRERTEHETRENBSPhERe sP1Ehat AHE SUHFdeat ensi on
becomes so weak that the shape of the nelt ball gets unstable and al so what
with the dbeéveradrmibre@daseparahi dhley d aésthesfedr onlgadssithiracto

achi eve a connection by neans of ultrasonic wedge bonding. As the

seni condubbovagevincesrseakednwith resin began to be used in ICs for

aut onotive vehicles wherein high reliahkility is demanded in spite of the
severe circunstances of heightened tenperatures and also in ICs for high
frequency waves and high brightness LED in which the operational
tenperature rises quite high, the bonding wires nmade of Ag-Au-Pd ternary

al | oys whi ch have been finished with annealing are not capabl e of

mai ntai ning their properties in such high tenperature situations. For these



of creating a durable ball-bonded connection with alum num pad that can
stay connected reliably even when the resin-seal ed sem conductor device in
which the wire is used is subjected to severe service conditions of high
tenperature, high humdity and high pressure. MEANS TO SOLVE THE PROBLEMS
[ 0008] The inventors of the present invention, paying their attention to the
fact that gduww3igondi ngas ecmde ofg-am-Ags AlbrPdh ityeranargy aldrayirdpes: mot
undergo oxidi zation as readily as cupper (Cu)-containing bonding wire,
bal | - bondethdrei § @1 BRI 088d @ call e MR Padat Bna il iegen catrmsiphere dro
investigate its connection durability at high tenperatures. They found that
they coul dygabtaizer ee gioldbahhsy( EAB: wiitdh hbghssphesididtor HdMces
at nrosphere which was not a conpletely closed nitrogen atnosphere, and even
Wit hout usimig-AdEXtANE BaS chshistiagenandpby drogen,, ang-ébs ewgn sufficed
to blow nitrogen gas during the formation of the nmelt balls.
5-gohl.e netal
f

The presenf gowentor fnal so,addedohhacg +apRuURL Sn AfhOXbAi 2, NG, 59

el ements to the highly pure Ag-Au-Pd ternary alloy, and by uniformy

di spersi nq,diheaddit fyes)in. £ he abhay, oLhey; SO ikad Lo d ebahnct hedrawn
structure inthe bonding Wire after the continuous draw ng through the dies

. by preveply @Q,tﬁﬁd06¥§é§blbﬂ§39r}§§3ﬁei hé,h%rﬁgb%%&?do%e%@afé(aﬂloqyefrom
bul ki ng by the anneal i ng treatnent, iI'ch i's applied'to the wire belng
drawn so re | ding (St ress. ] - ) al | oy
bondi ng m?$53Qgﬁ:gg%?%%%%dﬁ%%ﬁb%é&%%eggbfgééﬁgﬁﬁ %ﬁ@éﬁ%@@g}ggc%%%gg{ pose
of solving¥hgg above- ne tiqped robl.ens i,s one made fromsilver (Ag) having

a purity ﬁﬁ??ﬂbé%ﬁ ﬁﬁfg é%{l%ﬁﬁ%d (Au) having a purity of 99.999

mass % or hi gher and | | adi um (Pd) hayvi.ng.a purit f 99. mass, % or
Maner. and Chis tornBRyoal | SPHERE ng T | BPROHEBELAN of P L hibe. 96 of
gold (Au), - s % of palladiu Pd) and. 20 -, 10 SS m of

oxi di 31 g 2O it 51 PECSI ShmskS! PRAST ELF QG PO er P AGTS G ¢ hi s
bondi ng wi re has been thermall nneal ed before. being contjnuously drawn

t hr ough tﬁ&“ﬂic@é‘%qrsdteﬁé%%ﬁée@ @r%fgf%%obe‘? t%b‘h%?%dé%s%y *dr awn
through the dies and is suitable for ball bonding in a_nitrogen atnosphere.
[0010] (AGAaYPAEtt eF ndid Pyl Pogyto S wt. %, Ti byds biteséntty Privemtietd

Ag- Au-Pd ternary alloy is an alloy nade after thorou hlg honogeni zing a

sol i d sol GFiCoRTCBASEsTEheCbRd 4L oM Farads 96161 Lyodd 1(%;@), Opwt . ORIy of
pal I adi um (Pd) plus residual silver (Ag). in the case of the
present iy $TevL 1 1@ PAFB UMD Ofs Sintwef JoAg)and inevitasd et 84 ifsss %
and this is on account of a finding that when a silver-containing alloy
wire i s bGhgebiovdiocavpues abumiarumhEAle) wvpad devahopbdmaiumtariagyiyrad in a
nitrogen atnosphere, there is forned scarce internetallic conpound between
silver (Ag)irasdialkuwrinumi@Al 3ndweimhinsehdededh wiesedeohlé rgpri ssanip: itdre

nat ural atnosphere. [0011]Wth the present invention, gold (Au) does not
partici patd tosalfoyaiad i (@m)oksarelhter het@hdb te donpaundwottmal turbaium (Al )
in nitrogen atnosphere, and does have an effect of rendering the nelt bal
to be commess$ed ahinghipheaier.cul arly at the time of the first bonding. The
reason why the present invention prescribes gold (Au) in an anount of 4 -
10 mass % is that if the gold exceeds 10 mass % the tenperature of the
melt bl (3sif is fopaed becomes, so high dhat the.exi des. of . axidizing
non- nobl e 'net’al’l i ¢ el EMEntS becone easy t o féT%] ereby’ 6bt ai ni hyg of

hi ghly spheri cal beco on the other hand ss than

_ FAB. ifficult, _ t ot i |
ey oGS e AL e (s Padtat SR e 0 5P anTS hon
t ot r ef that th l.d t i 6 - 9. %
o2l Tn TR S e oG RIE bEaba t S R et L Tt O f T FS T i

formation of intermetallic conpound between silver (Ag) _and al um num

; (A),
and of reStFPEPPRG S e B graddat daPafat et hb8riEtifq9 e f ddpBtind et ween
sliver (Ag) and aIuninun1(Al% at the tinme of the use of the sem conductor
devi ce un#deéi-hcéndreidfistBRthF R Pahpefattrechntrd git hbinidithe target

In the case of conventional Ag wires, an internetallic conpound Ag2Al is
forned acP¥s¥ £ReaBohUEH! 1t e flate et weHchheséderephgsnate from an

Thi s bonded interface between Ag2Al and the ball is corroded in

ci r cunst apgaslieantainsimgakeice e iher ebynagt apd AGRO3 takd epristhygddigsh t he
case of a wire made of the presently inventive Ag-Au-Pd plus trace anmounts
of additive elenments a, Ag2Al and a Pd rich | ayer are produced between the
Ag2Al and the ball, whereby corrosion of Ag2Al is restricted.

As is shown in the conceptual drawings of Fig. 1, in the case of Ag wire,
the intermetal lic conpound Ag2Al is formed across the bonded interface

bet ween the ball and al um num pad, and is liable to undergo corrosion in



(Thermal Iy Refining Heat Treatnent) The thermally refining
heat treatnment according to the present invention is designed, simlarly as
in the case of gold wire, to nodify the wire in a manner such that it would
be snapped by a tensile breaking strength testing machi ne when it has

el ongatedby 4 % and this is achieved through a controlling of the

t enper at ureomwh ide W e s pesd Aw, t hha hbestubud aemé tir fasede Lommont age 500
degrees centigrade and two seconds or so is adopted . Effects of the

| nventi on 40036] Asrdeseei bedvaboyes inkibiandi Ngeniaretef i hhens ientd e
Ag-Au-Pd alloy is put to the first bonding in the nitrogen atnosphere, so
that the hondali hity 10f1 1 henssl tobald WarOthBe PEyen ahughaumiAphdad and
alum numalloy pad is good, and it is possible to secure the circularity of
t he conpressed bal loxand; even when the sem conductor device is used in a

si tuation of hi ght enperature andhi ghhum dity, the internetallicconmpound of

al um num (Al) woul d ngfpukkel Rothenbonded i nterfageQtekhe Ebrst dpndi ng
with a result that high bonding reliability is secured. Furthernore, the
bondi ng NEEsE! Qe the Aonduabd,Atd O Lf A BE-BResent | WEOLLON (it
mechani cal tender so that leahing and irregularity 1n I oop helght are not
experi ence he | ity i : i far IC.1.Ng. econd
bondi ng mﬂc&%%sgcg%%%}?ggag{#lu % ;tgs%ﬁ}?%gg\g\c}deﬁ%gﬁ)&ioﬁgwkg nggggg‘ghﬁg%é

Enbodi ment s f ot ., pr.act.iCi t I ion:[O - Au- F I . havi
el enent co‘ﬂﬂrrg%)glat‘L iaonzrjl}]seas OWN | %%tr h%yﬁer@jte’héhg%@%?gaﬁg&grﬂéﬂ%lﬁe%leﬁgby

mel t - down ting,, and w 10,,mm di anet er wer to 3. .mMmianeter
and annealﬁe:'%i]?slc%a%tftﬁ.‘f1 dezgﬂrare_g@8‘(?§;e1ntiEﬂealrcFelq‘aorgr3C nl%enuetr(ejrge%yw;ntcf) next tﬂﬂeﬁvﬁ res
were dra ta a dianeter of 0. 1 mmand then anneal ed at. 600 _degrees

Cont | gr ade Por A0 TRy est o PEAT T b LBy LoNader BEOERE FPnER E et type
conti nuous draw ng,.the inventar repared, 20-m croneter_thick bondi ng
Wires 1 - BT ARIR S R AREPATIOYS eteh PG {oCEhe" GrdSEH=THVEIRS on
(hereinafter referred to as inventive wires) and al so bonding wires 28 - 36
made of AJHARSULARNIY OFCEBRHbSYEIGHE ikt ']d]ezatWéDrbBﬁ‘BE??foiFgﬁﬁlf rHiye of
the present invention (hereinafter referred to as con'?ar ative wires ) .
These i nvelRRarEsA Fasert-Anyl bl boppardticosd iy 68168171360 gk et o a
wire bonder (Maxim Ul tra, a product nane) manufactured by Kulicke & Soffa,
and wer e BFohRdelcdAPE TBOLHREqUETe AV IR Dals Ifeldl L EH 213 o)A Bl pl us
0.5 mass % Cu installed in a sem conductor |IC chip in an atnosphere of

bl owi ng nidirlsgenhhkbried hPEAB Srawn i oan vwdinvedi ghgkenfo38 - haP Ik g vtk e made,
the conditions for the bonding operation being such that the heating

t enper at umen wasl 200tdégrseesladdnt iSgrlidde, 3¢ he0lwop 3 engt AihwasrsoymR6 tHe | oop
hei ght was 220 nm the conpressed ball's dianmeter was 48 nm and the

conpr essed- [94).100s viiei ghendapaldanmumahgd @sOi mat ¢ ol wels. Nnadecandderiagspect to
FAR sphericity, conpressed ball circularity, 1st ball shear, and HAST
reliabilityf 16GH)ingretkiodriyanct hecest raatunfiaot FAR Sipheraroidaling.

A hundred FAB's in the case of each conposition of the alloys were nmade by
means of the wire bonder, and the lengths of each FAB in X direction

(per pendi -0 the mire ' s.|lepglhw Frecti a Lrectian (wire
' s lengt V\nogjtr'-é)]di rect iﬂ\gﬁq)e%\%felhegg%rge\éd&gn t g)toéll(&?%j rg’%&% @é@ﬁe{%}h aphese

| engths was the basis for the estimation. The result of the estimation is
ae Shown. R Uhe T GH T HaY P OF Y TEbh B T OS] et Hod™ FoF of Reaetl et on o
conpressed ball's circularit N .. .....Ahundred times of bonding
Rerb conddtt st WEE N Faspact S BOBS IS BSITISH of THE® SPFYS R S | C
chip prepared for the estimation, and the | engths of each_conpressed_ ball
in X dired Gh2CpEPBeRdr cafart 227 1P TUT iwﬁaﬁ\(fnii’gﬁtt hBEuTFRR dHi ¢ wave
was directed) and in Y direction (the direction in which the ultrasonic
wave was dinFdet gahanwe g8 et Fd-© and e 13 elulF AP BRI & T Hat T8 Bet ween
t hese I engths was the basis for the estimation, and the result is shown in
the right SR adforapf ex1depooRop s[HErhBas f 6P EHE @Sk #at Porrtealstobal |
shear ] Wth respect to each alloy conposition, a hundred

ti mes of Bondioggwes corfdicad UpHitn 1CE RIS prepared specially for this
purpose byneans of the wire bonder, and the shear strength of each 1st
conpressed bal | was eésitiu sgnbyondantodiican ceal 38 Y YWBbRAT eFé St g BT)
(Type 4000) " a product name of Dage Cagyporation. The result of the
estimation is shown in the right half of Table 1. [0021] [nethod for the
estimation of HAST reliability] Wth respect to each all oy
conposi tion, bonding was conducted upon an IC chip (200 pins) specially
prepared for this purpose by neans of a wire bonder, and this chip was
sealed with a plastic resin specially prepared for this purpose whereby a



el ements (mass % oxidi zing non-noble netallic elenents (mass PPM)

Esti mated properties Ag Au Pd Ca La Eu Be Sphericity of FAB Grcularity

stability 1st ball shear HAST reliability Exanples balance 4 2 0 5 10 0
to be used in IC’'s for automotive vehicles wherein high
reliability is demanded in spite of the severe circumstances
of heightened temperatures and also in IC’s for high frequency
waves and high brightness LED in which the operational
temperature rises quite high, the bonding wires made of Ag-Au-Pd
ternary alloys which have been finished with annealing are not
capable ofmaintaining their properties in such high temperature

situations. For these reasons the fact isthat thebondingwires

of Ag-Au-Pd ternary alloys have not yet been put to use.

[Prior Art Publications]

[Publications-in-IP}

[0006]
[IP Publicaticn 1]

Japanese Patent Application Publication HO03-74851
[IP Publication 2]

Japanese Patent Application Publication H09-2720931
[IP Publication 3]

Japanese Patent Application Publication 2000-150562

BRIEEF DESCRIPTION OF THE INVETNLON

PROBLEMS THE TNVETNION SEEKS TO SOLVE

[G007] The present invention was made in view of providing

a bonding wire of an Ag-Au~Pd ternary alloy, which is capable



0000 2balance 4 351015500 @@ 3 balance 4.5 4 10 15 20 10 00 O
@ 4 bal ance 4.5

of creating a durable ball-bonded connection with aluminum pad
that can stay connected reliably even when the resin-sealed
semiconductor device in which the wire is used is subjected to
severe service conditions of high temperature, high humidity

and high pressure.

MEANS TO SOLVE THE PROBLEMS

[CC08] The inventors of thepresent invention, payingtheir
attention to the fact that the bonding wire made of an Ag-Au-Pd
ternary alloy does not undergo oxidization as readily as cupper
(Cu) ~containing bonding wire, ball-bonded the former on an
aluminum pad in a nitrogen atmosphere to investigate its
connection durability at high temperatures. They found that
they could obtain free air balls (FAB) with high sphericity in
an atmosphere which was not a completely closed nitrogen
atmosphere, and even without using a mixture gas of nitrogen
and hydrogen, and it even sufficed to blow nitrogen gas during
the formation of the melt balls.

The present inventors also added trace amounts of
oxidizing non-noble metal elements to the highly pure Ag-Au-Pd
ternary alloy, and by uniformly dispersing the additives in the
alloy, theycontrivedtoretainthedrawn structure inthebonding
wireafter the continuousdrawing throughthedies, by preventing
the crystallinegrainsof the Ag~Au-~Pdternaryalioy frombulking
by the annealing treatment, which is applied to the wire being
drawn s¢ as to remove the molding stress.

5
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[0009] The Ag-Au-Pd ternary alloy bonding wire for
semlconductor devices presently invented for the purpose of
solving the abeve-mentioned problems is one made from silver
(Ag) having a purity of 99.99 mass % or higher, gold (Au) having
a purity of 99.999 mass % or higher and palladium {(Pd) having
apurityof 99.9%%mass % or higher, and this ternary alloy bonding
wire is composed ¢f 4 - 10 mass % of gold (Au), 2 ~ 5 mass %
of palladium (Pd} and 20 - 100 mass ppm of oxidizing non-noble
metallic elements plus residual silver (Ag); and this bonding
wire has been thermally annealedbefore being continuously drawn
through the dies and 1is thermally tempered after being

continuously drawn through the dies and is suitable for ball

bonding in a nitrogen atmosphere.

[0010]
(Ag-Au-Pd ternary alloy)

The presently invented Ag~Au-Pd ternary alloy is
an alloy made after thoroughly homogenizing a scolid solution
consistingof 4 ~ 10mass % of gold (Au), 2 ~ 5bmass % of palladium
(Pd) plus residual silver (Ag).

In the case of the present invention, the amount
of silver (Ag) is not less than 84 mass %, and this is on account
of a finding that when a silver-containing alloy wire is bonded
ontoapurealuminum (Al) padoranaluminumalloypadinanitrogen
atmosphere, there is formed scarce intermetallic compound
between silver (Ag) and aluminum (Al), which is formed when

bonding is in the natural atmosphere.
6
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(0011] With the present invention, gold (Au) dces not
participate in a formation of an intermetallic compound with
alvminum (Al} in nitrogen atmosphere, and does have an effect
of rendering the melt ball to be compressed highly circularly
at the time of the first bonding. The reason why the present
invention prescribes gold {Au) in an amount of 4 - 10 mass %
is that 1if the gold exceeds 10 mass %, the temperature of the
melt ball as it is formed becomes so high that the oxides of
oxidizing non-ncble metallic elements become easy to form,
whereby cbtaining of highly spherical FAB becomes difficult,
and on the other hand, if less than 4 mass %, the melt ball gets

so instable that the sphericity of FAB is not easy to secure.

It is preferred that the gold (Au) content is 6 - 9 mass %.

(0012} In the present inventiocn, palladium has effects of
thwarting a formation of intermetallic compound between silver
(Ag) and aluminum (Al), and of restricting the degradation of
the intermetallic compoundbetween sliver {Ag) and aluminum {(Al)
at thetimeof theuse of the semiconducterdeviceunder conditions
of high temperature and high humidity.

In the case of conventional Ag wires, an
intermetallic compound AgpAl is formed acress the bonded
interface between these elements.

This bonded interface between AgzAl and the ball
is corroded in circumstances containing water, whereby Ag and
Ag;03 are produced. In the case of a wire made of the presently

inventive Ag-Au-Pd plus trace amounts of additive elements
7
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o, AgyAl and a Pd rich layer are produced between the Ag,Al and
the ball, whereby corrosion of Ag;Al is restricted.

As 1s shown in the conceptual drawings of Fig. 1,
inthe case of Agwire, the intermetallic compound AgAl is formed
across the bonded interface between the ball and aluminum pad,
and is liable to undergo corrosicn in water-containing
circumstances [ref. (A) of Fig. 1].

In contrast to this, as shown in (A} of Fig. 1, in
the case of Ag-Au-Pd wire of the present invention, although
the intermetallic compound Ag,Al is similarly formed across the
bonded interface between the ball and the aluminum pad, Au and
Pd are so compatible to each other that AusAl and a Pd rich layer
areformedontheball sidewherebythecorrosionofAl isretarded,
with the result of extensively improved share strength and HST
reliability.

The reason why palladium {Pd) is prescribed 2 - 5
mass % is that if it exceeds 5 mass %, the melt ball formed in
the nitrogen atmosphere turns too hard and if it is less than
2 mass %, the effect of restricting the degradation of the
intermetallic compound between sliver (Ag) and aluminum (Al)

igs not secured. 1t is preferred that the palladium (Pd) content

Q

is 3 -~ 5 mass %.

f0013]
(Oxidizing non-noble metallic additive elements)
In the present invention, the dosage of oxidizing

non-noble metallic additive elements is 15 - 70 mass ppnm.
8
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According to the present invention, the purity of silver (Ag)
is required to be 99.99 mass % or higher, and the inevitable
impurities substantially amount to 20 ppm or so. These
inevitableimpuritiesaswellastheoxidizingnon-nobleadditive
elements are uniformly dispersed in the Ag-Au-Pd ternary alloy,
and by virtue of their flux pinning effect they discharge their
mission of preventing the crystalline grains of the Ag-Au-Pd
ternary alloy from bulking. Themain missions of the oxidizing
non-noble metallic additive elements are to improve the
mechanical properties of the wire and the roundness of the
compressedball at the first bonding. Ifthecxidizingnon-noble
metallic additive elements are in a total amount of 70 mass ppm
or less, then even when the Ag-Au-Pd ternary alloy is annealed
in the natural atmosphere there occurs little formation of a
thick oxide film in the alloy surface, which would change the
color of the alloy surface. It is preferable that the total
amount of the oxidizing non-noble metallic elements is 20 - 60
mass ppm, and more preferably 20 - 50 mass ppmnm.

The oxidizing non-noble metallic additive elements
can be calcium (Ca), a rare earth element (Y, La, Ce, Eu, Gd,
Nd and Sm), bellirium {Be}, magnesium (Mg}, tin (Sn), indium
{(In), andbismath (Bi). Preferablecandidatesarecalcium (Ca),
and rare earthelements, especially lanthanum (La) andbellirium

(Be) .

[0014]
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(Annealing Treatment)

The annealing treatment according to the present
invention is designed to remove the molding stress caused by
drawing of the Au-~Ag-Pd ternary alloy and to thereby prevent
the cracking caused by the stress. It is necessary that the
cxidizing non-noble metallic additives are highly uniformly
dispersed in the Ag-Au-Pd ternary alloy so that the temperature
at which the system is heat-treated must not be raised to a
proximity of the melting peint of the Ag-Au-Pd ternary alloy
(about 1000 degrees centigrade). Ordinarily, the heat
treatment may be roughly at 500 degrees centigrade for two hours,
600 degrees centigrade for 30 minutes or 700 degrees centigrade
for 10 minutes. When the alloy is drawn into a wire after the
annealing, a drawn structure is formed in the bonding wire.
Therefore, it is desirable that the annealing treatment is
conducted before the final continuous drawing. Alsc, if the
annealing treatment is repeated, the drawn structure of the
bonding wire is thought to become more dense so that it is
preferable that the annealing is done twice or more, but this

impairs the productivity so that twice or thrice is the best.

[0015]
{(Thermally Refining Healt Treatment)

The thermally refining heat treatment according to
the present inventiocon is designed, similarly as in the case of

gold wire, to modify the wire in a manner such that it would

10
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be snapped by a tensile breaking strength testing machine when
it haselongatedby 4 %, andthis isachievedthroughacontrolling
of the temperature and the wire speed within the tubular furnace.

Commonly, 500 degrees centigrade and two seconds or so is adopted.

Effects of the Invention

[0016] Asdescribedabove, thebondingwire of the inventive
Ag-Au-Pd alloy is put to the first bonding in the nitrogen
atmosphere, so that the bondability of the melt ball onto the
pure aluminum (Al) pad and aluminum ailloy pad is good, and it
is possible to secure the circularity of the compressed bail,
and even when the semiconductor device is used in a situation
of hightemperatureandhighhumidity, theintermetallic compound
of aluminum (Al) would not bulk in the bonded interface of the
first bonding with a result that high bonding reliability is
secured. Furthermore, the bonding wire made of the Ag-Au-Pd
alloy of the present invention is mechanically tender so that
leaning and irregularity in loop height are not experienced and
the irreqularity in the bonding strength during the second

bonding which is conductedbyultrasonicwavebonding is reduced.

Embodiments for practicing the Invention

[0017] Ag-Bu-Pd alloys having element compositions shown
in the left half of Table 1 were prepared by melt-down casting,

andwiresof 10mmdiameter weredrawnto 3mmdiameter and annealed

11
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at 600 degrees centigrade for 30 minutes, and next the wires
were drawn to a diameter of 0.1 mmand then annealedat 600 degrees
centigrade for 30 minutes. Thereafter, by conducting the £final
and wet type continuous drawing, the inventors prepared
20-micrometer thick bonding wires 1 - 27 made of Ag~Au~Pd alloys
according to the present invention (hereinafter referred to as
inventive wires) and also bonding wires 28 - 36 made of Ag-~Au-Pd
alloy of compositions outside the compositional range of the
present invention {hereinafterreferredtoas comparativewires).
These inventive wires 1 - 27 and comparative wires 28 - 36 were
set to a wire bonder (Maxpm Ultra, a product name) manufactured
by Kulicke & Soffa, and were bonded onto 50-mm square Al alloy
pads made of an alloy of Al plus 0.5 mass % Cu installed in a
semiconductor IC chip in an atmosphere of blowing nitrogen
wherein FAB's with an aimed size of 38 mm-large were made, the
conditions for the bonding operation being such that the heating
temperature was 200 degrees centigrade, the lcop length was b5
mm, the loop height was 220 mm, the compressed ball's diameter
was 48 mm, and the compressed ball's height was 14 mm, and
estimation was made with respect to FAB sphericity, compressed

ball circularity, lst ball shear, and HAST reliability.

[0018]
[method for the estimation cof FAB sphericity]
A hundred FAB's in the case of each compecsition of

the alloys were made by means of the wire bonder, and the lengths

12
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cf eachFABinXdirection {perpendiculartothewire's lengthwise
direction) and Y direction (wire's lengthwise direction) were
measured and the difference between these lengths was the basis

for the estimation. The result of the estimation is as shown

in the right half of Table 1

[0019]
[method for the estimation of compressed ball's circularity]
A hundred times of bonding were conducted with
respect to each composition of thealloysuponan IC chipprepared
for the estimation, and the lengths of each compressed ball in
X direction (perpendicular to the direction in which the
ultrasonic wave was directed) and in Y direction (the direction
in which the ultrasonic wave was directed) were measured, and
the irregularity in the ratio between these lengths was the basis

for the estimation, and the result is shown in the right half

of Table 1.

[0020]
[method for the estimaticon of 1st ball shear]

With respect to each alloy composition, a hundred
times of bonding was conducted upon an I1C chip prepared specially
forthispurposebymeansof thewirebonder, andtheshearstrength
of each 1st compressedball was estimatedbymeans of an "almighty
Bond Tester (BT) {Type 4000)" a product name of Dage Corporation.

The result of the estimation is shown in the right half of Table

13
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[0021]
[method for the estimation of HAST reliability]

With respect to each alloy composition, bonding was
conducted upon an IC chip (200 pins) specially prepared for this
purpose by means of a wire bonder, and this chip was sealed with
a plastic resin specially prepared for this purpose whereby a
sample for electric resistance measurement was completed. Each
sample was let to sit in a highly accelerated life tester (HAST)
for 192 hours under the conditions of a temperature of 130 degrees
centigrade, a humidity of 85 %, and a pressure of 2.2 atms;
thereafter the electric resistance was measured. The
measurement of the electric resistance was conducted by means
of "Source Meter (Type 2004)" a product name of KEITHLEY
CORPORATION, with the help of an IC sccket specially prepared
for this purpose in an automatic measurement system specially
constructed for this purpose. The manner of the measurement
was lnaccordancewiththe so~calleddirect current four-terminal
methed. A constant electiriccurrent was let to flow froma probe
for measurement to a neighboring external lead probe (a pair
where a pad on the chip was in short circuit was selected), and
the voltage between the probes was measured.

This measurement of the electric resistance was
conducted before and after the stay in the HAST with respect

to 100 pairs {200 pins} of external leads, and the rate of rise

14
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in the voltage was estimated.

is shown in the right half of Table 1.

26 balance 10 2 0 510500 27

The result of this estimation

[0022]
[Table 1]
oxidizing
Ingredient non—noble
elements metallic Estimated properties
{mass %) elements (mass
ppm)
Sphericity | Circularity st HAST
Ag AuiPd ! Ca|LlLa|Eu|Be . ball o
of FAB stability reliability
shear
1 | balance 2 5|10 O ) O O
2 |balance | 4 | 3 10|15} 5 @) O © ©
3 |balance (451 4 | 10| 15|20 | 10 O @) @) ©
4 |balance |45 5 [ 15(|20| 0 O O © ©
5 | balance 2 12010 |5]|5 © © © O
6 | balance 2.5 5|10 10 © © © O
7 | balance | 55 3 10|15 © O © ©
8 |balance | 55135110 |15|20| 5 @) © © ©
9 | balance 4 (15[(20| 0 | 10 © © © ©
10 | balance 4520/ 0| 5 © O © ©
11 |balance {651 6 1 0 | 5 |10| 5 © © © ©
§ |12 | balance | 6.5 10|15 10 © © © O
£ |13 balance 10 | 15|20 © @) © O
u% 14 | balance | 7 12511520 0 | 5 ©) © © O
15 ibalance 1 7.5 12520 0 [ & | 10 © © © O
16 {balance 1751 3 | 0 | 5 | 10| O © O O ©
17 | balance 315 110115 5 © © © ©
18 | balance 35110 1520 10 © © O ©
19 | balance | 8.5 {35 15 | 20 © O © ©
20  balance | 8.5 20005 @) © © ©
21 | balance | 9 01 510]10 © © © ©
22 | balance 4515 1101 15 © O © ©
23 | balance | 954511011520 & O O © ©
24 | balance |95 | 5 [ 1520 0 | 10 O O © ©
25 | balance | 10 20001510 O O © ©
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15 10 0 0 O Conparative Exanples 28 balance 5 0 0 40 30 0 0 0 0 x 29
balance 6 1 10 0 40 5 @@0 x 30

26 | balance | 10| 2 510 5 O O © O

27 {balance | 4 | 5 | 5 |10 |15 | 10 O O © ©

28 |balance | 5 | 0 40 | 30 O O O X
g 129 |balance | 6 | 1 /10| 0 |40} 5 © © O X
S |30 |balance | 7 | 6 |20 10| 0 | 10 © © A X
2 |31 balance | 8 | 1 [30 |20 10 © O O x
_g 32 | balance | 9 6 (40 (30:201 5 O O X X
*g 33 |balance | 1 | 2 | 0 [40{30] 10 A A A X
£ |34|balance| 2 { 3 10| 0 | 40 A A A X
S |35 |balance | 3 | 4 120 110| 0 | 5 A A A %

36 | balance | 11| 5 {30 ,20|10| 10 A A X %
[0023]

In the right half of Table 1, with respect to the
sphericity of FAB, a symbol ©@ indicates that the observed
difference was 1 micrometer or less, O indicates that it was
2 micrometer or less, and A indicates that it was greater than
2 micrometers.

In the right half of Table 1, with respect to
circularity stability, the symbol © indicates that the value
of standard deviation was less than 0.8 micrometer, O indicates
that it was 0.8 micrometer or largerbut less than l.0micrometer,
A indicates that it was 1.0 micrometer or larger but less than
1.5 micrometer, and X indicates that it was 1.5 micrometer or
largern.

In the right half of Takle 1, with respect to lst
ball shear, the symbol @ indicates that the shearing load was
15 gf or larger, O indicates that it was 12 gf or larger, A
indicates that it was 10 gf or larger, and X indicates that

either it was less than 10 gf or the kall was shorn off.
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In the right half of Table 1, with respect to HAST
reliability, the symbol @ indicates that the ratio of increase
in the electric resistance value, that is, the incremental value
divided by the resistance value before the sit-in in HAST, was
20 % or smaller, O indicates that it was 50 % or smaller, and

o]

Xindicates that it was greater than 50 %.

[0024] As is clear from the results shown in the right half
of Table 1, the wire of the present invention is superior in
the sphericityofmoltenballs, thecircularityof the compressed
balls, bondability of the 1st balls, and HAST reliability,

whereas each of the wires of Comparative Examples 25 - 31 fails

in at least one of the properties tested.

[Industrial Applicability]

[0025] The bonding wire of the present invention is useful
insuchICpackagesthatareusedinasituationofhightemperature
and high humidity and are wanted to be cheaper, and in fthose
IC packages such as stacked IC and Low-k IC to which use of Cu
bonding wire is not is easy, or with semiconductor devices for

high brilliance LED for automotive vehicles.

[Brief Description of Drawings]

[0026]
[Fig. 1] Fig. 1 ceonsists of a echematic diagram (A) showing

a bonded interface between an Ag-Au-Pd ternary alloy wire and
¥
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an aluminum pad, and a schematic diagram {B) showing a bonded

interface between an Ag wire and an aluminum pad.
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In the right half of Table 1, with respect to the sphericity of FAB, a
synbol i ndi cates that the observed difference was 1 mcroneter or less, O
indicates that it was 2 mcroneter or less, and A indicates that it was
greater than 2 m croneters. In the right half of Table 1
Wth respegtaimscircularity stability, the synbolindicates that the val ue
of standard deviation was |less than 0.8 mcroneter, O indicates that it was
O. 8 mcronmeter or larger but less than 1.0mcroneter, Aindicates that it
was 1.0 mcroneter or larger but less than 1.5 mcroneter, and x indicates
that it wasCladumkrorfet &S dru1bst geyrnary alloy bonding tHeq ifght hal f of
Table 1, with respect to 1st ball shear, the synmbol (c) indicates that the
sheari ng | oei eeedustef devilcgsgupdeot Foisddives (Rat haviws a1pugiiterof ar ger,
A indicates that it was 10 gf or larger, and x indicates that either it was
| ess than 39. 9? messtherfaldhamsoshdriwf kaving a purity of 99.99hmelse $i ght
hal f of Table 1, with respect to HAST reliability, the synbol indicates
that the ratiligfer norkgsd liaddittre (@dacheivdngesi ptanty véal B8, 9Phasssss the

i ncrenental value divided by the resistance val ue before the sit-in in
HAST, was @0 Wagresaddier ,wil-d ndiicat esnipoated biwds ~-500%essstmabf esaidnd
xindicates that it was greater than 50 % [0024]As is clear fromthe
results showndi (Ruihe 7 i-ghtt maalsf sobfTablid palthdiwinr ¢Pdf ,the preSeniss
invention is superior in the sphericity of nolten balls, the circularity of
the conprgssedhaklai zbagdadididlyl ©hettha 118t ebahbat saneh HAST awelli abbfity,
whereas each of the wires of Conparative Exanples 25 - 31 fails in at |east

one of thespropentbesAest e6d shliadustd bak ndpmdealily dyhealed at least
once before being continuously drawn through dies, and saidwire
being thermally tempered after being continuously drawn through

said dies, and said wire being applicable for ball bonding in

a nitrogen atmosphere.

[Claim 2] An Ag-Au-Pd ternary alloy bonding wire for
semiconductor devices as claimed in Claim 1, characterized in

that said wire contains 6 - 9 mass % of said geld (Au} and 3

- 5 mass % of said palladium (Pd).

fClaim 3] An Ag-Au~-Pd ternary alloy bonding wire for
semiconductor devices as claimed in Claim 1, characterized in
that saidoxidizing non-noble metallic elements include calcium

(Ca) .

[Claim 4] An Ag-Au-Pd ternary alloy bonding wire for

semiconductor devices as claimed in Claim 1, characterized in
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[ 0025] The bonding wire of the present invention is useful in such IC
packages that are used in a situation of high tenperature and high humdity
and are wanted to be cheaper, and in those |IC packages such as stacked IC
and Low-k IC to which use of Cu bonding wire is not is easy, or with

sem conductor devices for high brillance LED for autonotive vehicl es,

[Brief Desgiaiptsizar okif awhggsin 1026 mekiag.l it] &1 gmedt sansilsice af rare
schemati c di agram (A) show ng a bonded interface between an Ag- Au- Pd
ternary aldfoycmi&emae: . an al um num pad, and a schemati c di agram (B)

showi ng a bonded interface between an Ag wire and an alum num pad. d ains
[Caim1] An Ag-Au-Pd ternary alloy bonding wire for sem conductor devices
made from silv,eroéAg) having a purity of 99.99 mass % or higher, gold (Au)
havi ng a pUsiaim 199.2’9“9@973%*& dreHilagherd Wiy fanEidiumi@sd)tHavi ng a
purity of 99.99 mass % or higher, said wire being conposed of 4 - 10 nmass %
of sai d gotehigmnduetar slavHse vmaef csalgepfalt ddiaim (Pdyhargcterdzptdssnppm of
oxi di zi ng non-noble netallic el enents and residual_ % of said silver (Ag),
and sai d viilrat bei g ehedvalng nemaatiee gtetabkic onkendef HrinGbidy
continuously drawn through dies, and said wire being thermally tenpered
after bei ngprcidmniumuotisd ly. drawn t hrough said dies, and said wire being
applicable for ball bonding in a nitrogen atnosphere. [C aim 2] An Ag- Au-Pd
ternary alloy bonding wire for sem conductor devices as claimed in Claiml1,

characterized in that said wr tains 6 .-. 9 nass, % of said. gold (Au) and
3-5 nnssﬁf’ﬂ/c%ao]fms d 5)51 |A§d~%ﬁ%€§§3?rr{aayai%lﬁyAﬁgg@l&ﬁ Iyd“:teer%%y al | oy
bonding wire for sem conductor devices as claj.ned in aim characteri zed
T that SES I G, ROHORGH GonBLATFED OF erdhics Gl abaCF CFar {ta)

[ C ai m 4] Arh Atg-Au,-ci]d ternary allo onding wire for sem conductor devices
as cl ai med 13 G IThsR dder i HTE R SET DX I YY" non- nobl e
netallic elenments include a rare earth elenent. [C ai m 5] An Ag- Au- Pd
ternary alloy bonding wire for sem conductor devices as claimed in Caiml,
char act er i zedh i 1hat ssaixd 0xi-diZing Nory nobl s, miallds el .erengs incl ude

| ant hanum (La) . [(gl aim6] An Ag-Au-Pd ternary alloy bonding wire for

sem conducl gl d&@@oﬁ%eﬁtli%e@ags' DAk iy chanpqt echzedckprthal $gid
wire is thermall'y annealed twice or nore. [Caim 7] An Ag-Au-Pd ternary

al | oy bondig vi.ig ol SeMGARIVELYr LEVhGEs: 83 ol AR (O M dney

characterized rn that said thernmal "annealing s con at a tenperature

higher than, 8, LeMRGIALUE AL WH:Gh 8814 SR  LAERET DY J Sofqnducs ed.
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