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bonding wire suitable for bonding with IC chip

el ectrodes and such as outer |eads of substrates using
for sem conductor devices, and relates to the
structure of bonding of this bonding wire in order to
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sem conduc environnent .
Al so, the present invention relates to sem conductor
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ompoun of AugAl, which is dpt to couodc y halogen ingredient at
bonding boundary, is relatively inhibited, and deterioration of bonding section between
Al and/or Al alloy pad and Au alloy wire is inhibited, so this Au-Pd alloy wire has a
merit which does not generate deterioration of bonding strength. Though this Au-1
mass % Pd alloy wire is superior at mechanical characteristics compared with pure



merit which does not generate deterioration of bonding
strength. Though this Au-1 mnmass % Pd alloy wire is
superior at nechani cal characteristics conpared with
pure | Au-wire of purity of 99.99 mass 0% An, the
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of Ag, under circunstances of heavy duty of high
tenperature. The reason is that it brings increase of
el ectrical resistance of bonded boundary by fornation
of Au4Al bonded this Au-Ag alloy bonding wire to Al
pad as general pad material when it used for

sem conduct or device. On the contrary t hough
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As we have seen, Ag forms Au-Ag alloy solved as continuous solid solution in the case
of small amount of it. It is considered that Au-Ag alloy is formed as atomic Ag is
interspersed among every lattice of Au. For this reason, it is formed Au-Al inter-metallic



additives. The sane results have gotten in the case of
substitution of Al pad to Al alloy pad. However, My
shoul d not be applied as sinple partial additive
because of increase of electrical resistivity. For
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l[imt of Ag is defined as 0.02 mass % of Ag. [0009]
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Moreover, semiconductor device of the present invention is comprised: Al pads or Al
alloy pads bonded with Au alloy bonding wires, which are composed with 0.02 - 0.3
mass % of Ag, 10 — 200 mass ppm of total of at least one clement of Al and/or Cu, and
residual Au.
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becomes difficult to keep the electrical resistivity
at sane |level of nore than 99.99 nass % An, anxiety
such as signal delay increases. Therefore, the upper
limt of the total anobunt of at |east one el enent of
Al and/or Cu is defined as 200 mass ppm On the other
hand, in the case of tot al anount of | ess than 10 mass
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and/ or Cu, and residual An. [0015] Moreover,
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As' s%%wg gllaég Q;ig alloy wire for bonding wire of 25 pm diameter (described
as the present mvcnuon wire hereinafter) depicted as No.1 — 24, and Au-Ag alloy wire
for control bonding wire (described as the control wire hereinafier) depicted as No. 25 —
31 were manufactured, after Au-Ag alloy which has the composition shown in Table 1
was melted and cast and drawn into wire. The results of measurement of electrical
resistivity are shown in the right column of Table 1. On each measurement of this, 5
wire examples were used and the mean was obtained. The electrical resistivity of the
above mentioned was obtained by using the method of 4 terminals of digital multi meter
and was calculated from equation of clectrical resistivity (micro-ohm-cm) = resistance
(ohm) x section area of Au alloy wire for bonding (em?® / 10 (em) x 10° under the
condition of room temperature and the 100 mm of mark point-to-point distance. Then,
the examples of the present invention wire 1 ~24 and the control wire 25 ~ 31 on the
wire bonder (Brand name: Maxum plus) made by Kulicke & soffa were set, and were




Mor eover, sem conductor device of the present
invention is conprised: A pads or Al alloy pads
bonded with Au all oy bonding wires, which are conposed
with 0.02 -- 0.3 mass %of Ag, 10 - 200 nmass ppm of
total of at |east one elenment of Ge and/or Si, and 10
- 200 mass ppm of tot al of at |east one elenent of Al

bo 1q % ‘Iand rpea n t@n /tl %Eggr qgl]log/ﬁgomgcﬁ &(émAﬂnduclm
i 1oy A Ay l%ﬁgfwclflﬁ%t ReRHIC 599,%;:@[?%1 Crlshipiop leneth:
5 gswionp dieighyt 320 pex. aﬂmi]“dﬁic@frﬁ@l}ﬁ'@‘*@ﬂ uadpgl bajly 54 gum, height of
copussist kortded iail M@ pinnalzbadiliag on o€ bbmbing rdpbilitdarhiph gimperature

antleopanahpdretued weddmicances. Moreover, bondi ng by using
Og@ys Au-Ag alloy to Al and/or Al alloy pad, since it

ﬁch ?&ka%iﬁ de &{%s'i‘atbl%f?a' 0Qpelafilrl )ab' lity of
R

B‘H g 8?%%115*84 gl SHRRIG B0 issr gy b I ool
meRHEH ogren (Kpe ofitpe lgap Wavm%Fiepoe%omg%ccflaplesscd bonded ball,
pudldpdtvadlase.or device. Moreover, this structure of

Friomei mgpldkteseercuiueitgr al hay Immtublﬁbi wird/ aratAouaddrepetween ball
anB3fAdiis tsd mblie ob BAElifthi BérefoROMB MRS bise oFineEl MkamEefire, bonding
widDfall B& B&:ﬂg' iNGedaelsl ARk B&%b&&v A%%ﬁ)?&gé’&f)&{deg%\éhcgase of all
neg}??‘ra) g?ﬂlcﬁ]@@ £S L%a'i‘&f e I?l%d case oi Lv¥n one §ﬁ1 R modc fracture

Fesent i nventt 6 provi des erio
Wit |ndust ry. DESCRI PTION OF THE MOST PREFERRED
“EIVB@PWMQ’S pwoiojabind. Hsstleqriet apsidtyirmicdl wisnt isithe range of
2.3t + &6k donhléayeAwcoAgpoaitiboyofithe predes iGeendiod r8ige @wde radrtioned,
anflaitsol horgdelintioV @sredf inAhe amd PuddaRdaalidaddnvuatl &g, Si, Al and
ClefirbiAga bv%ldlﬁq{a% IbRadtiRalolupdd tl TV%coélcéth@Eﬁ(icus‘ﬂwty has

1at|ﬂ@1r fo'v@kfalﬁ ls ht\llgsa's 1S Blee(s‘éxﬁlllﬂenlﬁ%gef u1hlé e g glﬂ}?e%f"(ﬂg? mass Pd

allo?[bg #ﬁoﬁ@sasé:fm?%'tvé'l““ gfmunt of partial additives
MexsRyaqilenonyboddayliyy %dﬁamn@nw&raiﬂm flgefipe jof rejfsbality g shown, as

thyepaeseAgfor paiial addiivealis onmtfehe rapgabf presand ipeuien. like example

Nd.@on?22 a:ah30.[ 0020] As shown in Table 1, Au-Ag all oy

(R QT bBAdd ) AEcMAiLE (@PhpctiuRtiexgbamet er (described as

Mb %Své}rﬁﬁ Eél’idahgf ‘Eﬂtvlzé?é‘ iéY? fied S? %hﬁf}&k‘ér&{ dﬁﬁ@fdhbg;g d;?ﬁc,twccn Au
an&bAl m oce’ss éﬁmtr{h 0? ﬁicn m%lta\Mcl QPPN S K %lg?lfs w e ge Qerated at

esc

boa% ‘}S QB’V"&g an 5“““ gt %"”ﬁ%FHl}F‘a e eS“v‘a‘l“’c“ésr ang cragks are
gengrhisg, hidate Hsetischeaspbdhere dncasoekivg perifemlelectiiciyamay flow,
everelftdedliznadf loastingasickndthawus gaverated, et it Thenat dsulehisd dfat bonding
betmasUen®dn, of electrical resistivity are shown in
In toRGerNth AL IuER! d{%ﬂu&fuc-r(ﬂbxlf(ﬁds andPraB8C uﬁ%%%iz%tﬁ%t m@sured after
ZOBIE{)tQILS a§17 geee a@f?!; Wer © used an an was
.resi st|V|t of tgﬁ (Pg}/ 4. bondi

?‘i"BHS‘&F %Hdncé nGiEIshy ‘P‘Hb TREFbRRbndgAl-pad, bonding
S“?‘éﬁbrﬁﬁ‘d?%s%fané|P§TC(~&1I%%§ rpctgstaede of gl \Naﬁtsmer@pw at ed
Pefacotrgeqlibeli b inflragivee mode all Or%ési Bl Vavistdepictadc 8- shimesodllence,
10246r-e30 %% BnbpictddNBY axirsgsid, a0 %ar&a %fis AdpidlcdO¥ ™ wk i fair, more
thefn030 %qyaéﬁl&eﬁenﬁhs in¥f (cm x 106 under the condition
l“uﬁfmr ﬂg’iﬂ%trﬁﬂpﬁr Al Wiceal ?LQ%&L “Jaggvg'%%tgé ad'’ lﬁws

THEY i P RS0 &lﬁﬁzﬁ Grepn ﬁ&lpc‘%”%%? @(Zxo ‘safggame and
del opHcq rfbectijal etispitaard (hia s FRBPIOVIRY MRYIES ) Viflhdesin. This
expyplRuvisckept §os dfH08 e ns e aiand Wérdegree in Celsius, the electrical
resistance of the example was measured, then the rising ratio was obtained from the
value measured in advance right after molding. Less than 20 % of rising ratio is shown

in “E”, 20 % - 50 % of it is shown in “G” and over 50 % of it is shown in “B”. Each



6 bonded to 60 m square pad consist of Al - 0.5 nass
Cu al l oy nounted sem conductor | C chip under the
condition of heating tenperature: 200 degree in

Cel sius, loop length: 5 nm |oop height: 220 m

di ameter of conpressed bonded ball: 54 m height of
conpressed bonded ball: 8 m and eval uati on of bonding
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coben of Tabde bf Ge, Si, Al and Cu to Au-Ag alloy which
has | ow additive volune of Ag, the electrica
resistivity has rather | ow value as sanme as the
present invention. Further, exanple of Au-] nass Pd
alloy is showmn as control wre 31. Moreover, also on
bondability at room tenperature, decline of
reliability is shown, as the range of Ag or partia
additives is out of the range of present invention,
i ke exanple No. 26, 29 and 30. (Reliability of
bondi ng after high tenperature exposure) Moreover,
Ki rkendal | voids were generated by difference of
di f fusi on speed between An and Al in process of
gromh of inter-netallic conpound, and cracks were
generated at boundary between An and inter-netallic
compound. Wien these voids and cracks are generated,
bondi ng strength declines. If there is conductive
portion, electricity may flow, even if decline of
bondi ng strength was generated, but it cannot be
deni ed that bondi ng becones unstable. In order to
eval uate occurrence of voids and cracks, pull strength
was neasured after 200 hours at 175 degree in
Cel si us. Wien occurrence of voids and cracks
i ncreases, then between ball and Al -pad, bonding
strength decreases, and percentage of fracture node of
ball Iift increases. Percentage of ball lift in
fracture node of 0 %- 10 %is depicted "E'" as in
excellence, 10 %- 20 %is depicted "G' as in good,
20 % - 50 %is depicted "F' as in fair, nore



than 50 %is depicted "B" as in bad. Further, rising
ratio of electrical resistance was eval uated as
follows. The wire was bonded to TEG (Test El enent
Group) chip die bonded to lead frane and was forned

el ectrical circuit, and then this exanple was nol ded

Wth resin. This exanple was kept for 1,000 hours in
{thgliir at 175 degree in Celsius, the electrical

?%éi tance of the exanple was neasured, then the

rising ratio was obtained fromthe value neasured in
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4 residual 0.10 50 237 GG GG 5 residual 0.15 90

2.41 GGGG 6 residual 0.20 120 2.46 GG G 13 7

residual 0,24 150 2.53 GG GF 8 residual 0.28 180
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] ?%3%3 gl wugw?%% arEe G G g amost
samg \uehinlophglestipeld egpt YNNG de dHEe M%lﬁmoww jof thespurity of
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highatehirelataddo tAlvead/oard abloy padfaltdé lmaegeugh strength and stiffness to
anti-flow ability, it is applicable to in-vehicle semiconductor device and semiconductor
device for high speed work for high temperature environment use, furthermore, it meets
to needs of thinner wiring promoted with finer pitching, it is envisaged that it may use
broadly in the field of these semiconductor devices among industry.



[0024] As above nentioned, shown in the right colum
of Table 1, the present invention wire sustains
rather small increase of electrical resistivity, and
it is excellent at bonding reliability and anti-fl ow
ability, but it is found that control wire 25 - 31
beconmes defect at |east on one of these
characteristics. POSSIBILITY FOR | NDUSTRI AL USE
CIWEHIS As above nentioned, An alloy bonding wire of
the present invention has the al nbst sane val ue of
| ow el ectrical resistivity near to pure Au bondi ng
Whirie coimedes: purity of 99.99 nass % Au of it, it is
superior at bonding reliability at roomtenperature
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senlconductor deV|ce and sem conductor device for X
2. vy Rliey Berling Mirercommisgi: £ drpet-atase “e Al Neohtreri00uaass ppm of
tofalipt #ideasboes elementadt’d and/or Aweds! whidudliAiner wiring
pronoted with finer pitching, it is envisaged that it

3.NBY alse boliR@dlin dothprRBigf DOLA Of hREeSE o5 AR CONDVOLRss ppm of
10%?31' e&2 0? oy guehp%é fié(d/orl@l %‘MZOW@B&&B&H%&@%QP&" dt? st one
fot

onpr|5|ng mass  Ot
dﬁPa“§ﬁ§l r@g§§d % total at |east one

elenent of Ge and/or Si, and residual An. 2. An all oy
4. prmeicpiugtor alexisasempriaige: 0l gads oA affas pads bendag WllfeAu alloy
b0 greisss, piuabofre compadedofitlad.ORedsd nese YebbARNtO oR20Mmass ppm
ofandl & at @ast @rtlémsit@fiale «Ad/or i, a0A rédidy Abondi ng wire
conprising: 0.02 - 0.3 nass @6of Ag, 10 - 200 mass ppm

5. oge%g&ﬁcﬂcto?tdcl/fc@fsv{){ngﬁﬁgllng % %/a slr boSf d’u g %u alloy
Dol iBEG TS, T SamBgsEr %HW; ‘%h o(mef 0
of dejae i & ot ongjclgsaeny 0ol apd/ar fryandaeddidided with An

all oy bonding wires, which are conposed with 0.02 -
6. (Bedniomshiclir aleving cotPrising 0A1 prads oppinallod phdd Béndefl vaith Au alloy
bo'n@ﬂ%tm@&eu%ﬁ&lrﬁ?@tcoﬂf)o@@ VAREO 00 - 3 ndiRdles eshgduad - '500 nPass ppm
of %81 5 8 Q)rnc%ﬁéf & o?‘%i@éﬂ (Jnr% afhd 1Bad§00°1'h @ %ﬁ"l} oPYotal of at

led3P et IghgsT oediegdt Of{‘bf Ag 10 - 200 Mass
ppm of total of at |east one elenent of Al and/or Cu,
and residual An. 6. Sem conductor device conpri sing:
Al pads or Al alloy pads bonded with An alloy bonding
W res, which are conposed with 0.02 - 0.3 nmass % of
Ag, 10 - 200 mass ppm of total of at |east one
el ement of Ge and/or Si, and 10 - 200 rmass ppm of
total of at |east one elenent of Al and/or Cu, and
residual An. 11

11



