BONDI NG RE FOR HI GH SPEED Sl GNAL LI NE BACKGROUND OF THE | NVENTI ON Fi el d of

the I nvention The present invention relates to bonding wires for

hi gh-speed signal lines that are used for connecting pad el ectrodes of sent
conductor devices and | ead el ectrodes on circuit boards and, nore
particularly, to a bonding wire for a high-speed signal line using a

frequency of 1 to 15 GHz. Description of the Related Art [0002]

Recently, with the devel opnent of manufacturing technol ogy of sem conduct or
devices, it has becBONDING SAREGOR RIGTHSREED SheivA L LINEcel | ul ar phones and
the Ii ke, sem conductor integrated circuit devices for high-speed signal

I i nes using super-high frequenci es exceeding a several GHz band,
Conventional ly, high-purit old bonding wires with purity of 99.99 mass%
or nore have been com@ﬁ%ﬁmw QiFéﬁ{EMH@NTé?Ntransm ssion. However,
when the normal bonding wire is used to connect the sem conductor device
for the HigAospedavantigRal |ine using the super-high frequency and an wiring
el ectrod nd the like, in a several Giz to over 10 GHL band,

hi gh-frejﬁ@ﬂ y resistance by a super-high frequency signal increases
further since e super.- high frequency .signal flows through skin | ayer of
the bondi ng wi & PESFILIRYStPR 5 ?t"rnl?é%’glr\glgﬁléesst{%&gﬁisy?et I&Iall Eﬂgslrﬁ’%tsi on
output and the . like are reduced,when the high-purit ol d .bonding wire is
caeh. " [ ogesed for coniedtiagnd FE gk i RabieBndistoraRiicht gl o BRI R 'ag)

W re havi ng .puri of 99.99% an vin n e b€ 1S { f:Lc.hesi stance
val ue of CIg%lP&arﬁh%ﬁld{ P}?ze g ?lé%l?l\%gg’qnﬁ&)ggdlgé Vglterr%%fagggh\?\ns%? ﬁd %k%hlhglgrl ty gold

(Au) haviulgjﬁ;l %q{eqllugﬁ(]t},r(;fq %ﬁg)cdﬂt&c resi stance value of 2.4 Ccm However,

bul k hi gh-parity silver i's too soft to undergo a manufacturing process
of the b LG\ i mel ting, casting, cleaning, and continuous
Wre draﬁ%@?ﬁrﬁ%‘?f}%@@ (Ag) is sulfurized in the atnosphere, and a
silver suyphdde (Ag2S) filmis fornmed on the skin layer of the bonding wre.
For this reason, the pure silver bonding wire has not been used as it is
for the high-f RREMRRCWith R &VeRphRt of ManThGhriddRcieididd! off | ows through the
skin layer having the thickness several m and the pure silver bonding wire
is nade seinicdhbigtdralevivea Gl hadecsifimRfdayinglyt ®mrho ® goh, jplcallulag, as

di scl osed in Japanese Unexani ned Patent Application Publication No.

2003- 5994Bondddnt thidlke) s¢reicehducer ilegdtedginshit devists fonbighispvet signdl f | de ( Ag2S)
hardens a nolten ball at the tinme of formng the nolten ball to be used fbr
bal | bondinagusiagpshipehaighffeag@endi¢s dxseatiitg posstadd GHz anflor Qotentisnalbl,e nol t en
ball, before being used as the high-speed signal |ine using the super-high
f r equencyiglop@ty gold bondingsminestivitle putatylod 9898 gnasis Yocorwfiora haygbegn bi nary al | oy,
in which 10000 to 55000 mass ppmof Au and 1 to 100 mass ppmof Bi are
added t o commantiused foaigh-feieqbenedlitrigsmissienof Haweygs, wherpthemermalry al | oy, in
whi ch 20000 mass ppmor less of Pd is added to the above-described wre,
have bee®oadingMirsdd useidpsaerast hesgrminondectendeyine fapibeihighrsnsad sightli cati on No.
2012-49198), for_ the purpose of preventing electric specific resistance of
. Ag, havili#g uping ﬁheeqll@errhl@gcfﬁrau@tqy\ﬁnéw wiriggelsetreds A4l ke B SESRAL al | y, and

allowing the electric specific resistance of Ag to be 3.1 Ocm or |ess,
which is }%tos‘ﬁ’r‘?ﬁw g\%ﬁ tpaég highyfregpencydesiztange by %W?r'ﬁﬁg BarTRSy S2999% and
that is w del sed at esent ..Here, an additj on anount of .Pd is 20000
nass ppm"b‘irear%%ﬁmg’ﬁf:ﬂﬂ A e\ﬁ%ﬁ'}%"‘e{r%’(ﬁpﬁ Ygnal Wﬁttﬁﬁoglgjl}r&s@ntl?ygﬁ 0?0000 nass
ppm hardness of a. ball is.increased .and d.damage .i.s C the tine
el B e Pt o PorRis P RS AR B E SRR B AR oS Rt 1 ¢

Appl i cati | cat | . 2012 4 . » Mor eover, such a
wire for l%glaFéu%!oﬂrllc&ﬁ h’lé}?ﬁ%stﬁ%PIé&éé%g@a%n%%g%%ﬁéu%edt' otal of 5 to 500 wt.
ppm of Mﬁg nore el enents chosen fromCa, Cu, Gd and Sm a total of 0.5
to 5.0 .% of one or nore el enment chosen from Pd and Au, and the bal ance

being Ag and i i | & 2tk L8 S ! 3 Rt ofAPpl i cation
Publ i cati on Nomg%g(%?’l(%l?)éo %hﬁﬁgb%%ﬁﬁﬁz?g%ggﬁg?ﬁgevqf ?13@?:‘;1 aBI(\)Ni re for

bondi ng ©Woobatd havinSark1E@fic GRRARCIEBEAN VAN 510 MU RaPARIhEIIRE Wagde of a
sem conductor device and conductor wring of a circuit wiring board by a
bal | bonghhug, aedofiredawith hishfRkity 861dj(AuNhiEn@apaldcteic 8pédifelfesBtanady Al al | oy
(Al -Si-Cu or the like). This is because "a joined portion of Al and Ag is
likely to corrode"” (refer to paragraph 0015 of Japanese Unexam ned Patent
Application Publication No, 2012-151350). SUVMARY OF THE | NVENTI ON Probl em
to be Sol ved by the Invention [0006] It is an object of the present
invention to provide a bonding wire for a high-speed signal |ine, forned by
an Ag-Pd-Pt three-elenent alloy or an Ag-Pd-Pt ternary alloy, that is able
to transmt a stable super-high frequency signal in a several GHz band



(Main additive elenent) According to the present invention, silver (Ag)
wth purity of 99.99 nass or is used as the balance, in order to cause
surface segregation of the alloy having a content of silver (AQ)

wi thout fail. Wien the purity is lower, variations in the thickness of the
surface segregation |layer of the alloy having the high content of silver
(Ag) may be caused, due to the influence of inpurities. Wth the
conventional pure silver bonding wire, silver (Ag) is ionized on the
surface oflusiofA-4ouRemy $Soweser, pull)highapurity sdverddgherter sefhth welatgorres wit h
hydrogen sulfide in the atnosphere to becone sulfide, The pure silver

bondi ng wingnefasiwinghueaceshpsthg bppding witenthat ishackigefqagiéng, slegping, adabl e t han
oxide. Wth the sulfide, an _unstable silver sulfide layer is first fornmed
on the swopdRwusvitekayinge Eprthesysilvier Ag)dnsnlivsizad imibe gimespherg andige | ayer
grows to forma_ stron ilver sulfide (AQ filmhavi.ng the thickness of
several rgFutke @t&%&i@’&fom QFpe SKip 4ygF Ot@ﬁép NGMIE: é‘&fver, it has
been considered that . a sul fur conpound existing. in. its skin |ayer noves

al ong or yEHSaM 197 BRI SUSEIIARESvIFG RS TOhRCGIFEd 87 1t ler BGHH%HHS‘GW & to hinder

the oor i 4 BLaRE TN (P2 e v e AR i PV ehihe bl Bipigieieer L ere 1
trati f si,l d,havi. hi gher. | i.St th t hat
e Sy th, ol bt S o i P b o bl RRUTHESER (pa” 1M
f i .al | oy, . i i 18 i i . t th
Sty oac s et e Bbld' A, hOYHE R MRS (M Sablifed KRkl Apppiflich_Pr YO e
il | L: . in:th 8to 2.5
on and Byl Pags-sooes, MNPy BRLAECL YT bRind Dokl Grr@Rgeague? 12 2.2
(Ag), bot(nggs@ g&%ﬁ%%@% 'afjth]g: t eeofgﬁr{r}g?ftl’%rr%ued &1%'b\é%@edﬁ9)oﬁuand form

the surfac gation layer o all oy having the hig

concent I &oh@Rg Ofndshd ¥, (s At possible to fOHE Hetkdblke FO1tEdBalR bE®Rbeih@VENt i ON,
t he hi ghly-concentrated silver (Ag) layer by the surface segregation uses a

surface m@w&maﬁ@h%tewﬁgnaa1i§@lugielgm?e@mghareqa@cphase of a dilute alloy,
and therefore, the surface segregation [ayer can be formed to have a fixed
wi dt h | ayego4qround the perinmeter of the bonding wire without fail. [0016]
Meanwhi | e, as the bal ance being silver (Ag) is 96.8 mass% or nore, the core
of this three- denmihilea boadimponise ofm MpiAu inhfywlloy nintwidclal Gadpber e and

sul furized, although the degree of sulfbrization is nore nodest than that
of the hi5§ho(poass ppns of werand Agy 100 messpprh op Bi hteyaddéd @A S IH] fitheryer, it has
been found out that, under nornmal storage conditions, the silver sulfide

| ayer f orbonding witehnd aput@Anegidt tesnary albey, of whivh 2000@1inags wim er Igs ofrikd is

three-el ement alloy does not nove along the crystal grain boundaries into
t he wi r e addeftodbeabaygtdesdrhed twireh bavsorrgh dgvlerndddananese Unexamineddiataéscr i bed
later. High-purity silver (% and hi %Q-ﬁquri ty palladium (Pd), are surface
segr egat épplispti- IblicetjonsiNe. AW 2(484 98)aFr the BPRIgraftpyevsnting plgeiicPt ) are al so
surface segregated, and atomc radii of palladiun (Pd) and plati num (Pt)
are cl osépecifiipsistanpent Agdrvpgrhiel electrecopdyuckiyyty e deinerrdwst| adi um ( Pd)
and gold u) is nelted and cast,. a | gyer of highly-concentrated silver
(Ag) is ﬁéﬁﬁﬁ%@aﬁﬁ agd@ﬁa&mﬁfbe gf?awé SReafc renstar ﬁ? ﬁ&;%g?g C13 %o d
continuoys wr.e draw n roce i ef f ot. i.n a nuf.agt urj .pr ocess of
Che bondiag e e sBls RYE Rl #RGhe SeGRagths BrrBert et #id Bi%: o ni ng
this highl.ys;concentrated Layer. the di [ . ] - trated

| ayer is“flée &8@%ﬁlﬂr?r%|¢%tpor |%ﬁhta881?]ﬁg a%%}%}éﬁ%ﬁlg({rrlé?g?()dc#nggg Iﬁ’ltlglgp%lge. When
the dia f . ] j I 8 mMmmis

r educedn&%ﬁuﬁgt‘ﬁ%ﬁt}ﬁtg%g?(%gg%%g tal\(s;lﬂﬁ)tée ma{éggp@ngg%rﬁdéf’ h%%(ﬁ{g%t (?f;a 0 1tlgi ned
(reducti 51%?]% f . i : yer of
silver (%%rﬁggS?ng %edat?%ggz@née%lgé?éﬁ?swe{}%? S)FIB?%EB%@Q?@%?%%Q tal }g surface
remai ns @paf BPJa%Hﬁ@sE Uﬂéké}nﬁlﬁzdE’Qﬁnpﬂﬁglﬁdﬁﬁo}f@hﬁliéa'ﬁohWQUIZ-M%?I uality, the
hi ghl y-concentrated | ayer of silver (AQ as illustrated in Fig. 1, is
observed[pgpsyhe wire drawi ng process of the wire having the diameter of 20
m ingeneral, it is considered that the high-frequency signal of
several alz flows through an outer |ayer having the thickness of about 1 m
and the higher the frequency is, the closer to the surface the signal
flows. Therefore, even the nodest amount of highly-concentrated |ayer of
silver (Ag) can increase a signal anmount, and allow a signal waveformto he
nore stable, as conpared with the case where there is no

hi ghl y-concentrated | ayer of silver (Ag). [0017] 0.8 to 2.5 mass% of

pal | adium (Pd) is added according to the present invention in order to
obtain the bonding properties nost suitable for a high-frequency signal



11 neither chip cracking nor pad peeling is caused by the bonding wre of
the present invention, because the content of palladium (Pd) is small. As a
result of this, mgration is not caused on a bonded interface, even after
being left to stand at high tenperature, and. an effect of transmtting the
hi gh-frequency signal stably can be produced. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0023] Fig. | i1s a cross-sectional schematic view
illustrating distribution of a highly-concentrated silver (Ag) |ayer of the
present i nvent Mergover, such aFyire. fo balsbendmgin disclased that congpinod tdgj@f SHanges of
an inplenentation product 1 and a conparison product 39 over tine in a

gr aphi cal500ovtnppraeditwo or morefilgmer8s chdsers fromt €% Gue §idland Sof, ajatal Pt @bitw e

anal ysis of the inplementation product 1 near the outernost surface.

DESCRI PTISANwER afi4memvBamE RENEN] d@sa] from Pd andapp, pgd the hadgnga bgingliAgoys havi ng
el ement conposition as_ illustrated in Table |I (each .containing silver (Ag)
with pur iang irgvitable dupwriiesddapaness Linexarmingd Wetent Sppliration PRbligatpn Yo r ace

additive el enent of rhodium (Rh), . ruthepnium (Ru), iridj l.r), .copper

er ¢ | noiBEE BRSOl MBS e DAL PGSR A% POUBRBRE g e, he
cont  nuodtieyotasat N A BT IR0 PbBaP e funab B Phinell'S ana ver
- educed 1 50 SR cREREGTRIo Snflp B P rifthoct ChBRaRTR' 57 S

99. 99% OrPa@éQggﬁ%h@ioﬂ%ﬁ%im%. 2912‘-‘?5955%. let erm ned refining heat

treat nent, 0 manufacture bondi ng res 1 to 38 having the wire
di aneter of 20 Om (hereinafter referred to as "inpl enentati on products")
according to the present invention. [0025] Exanples 1 to 14 are the

i mpl enent ati on products acgaviiARYIOF ¢HEErerPNerONS to 38 are the
i npl enment afi on products according to claim2, and exanples 8 to 14 and 27

to 38 ar erbblemitoBE SORRH &Y iteNImREeAdHCt s according to claim 3. [0026] [Table
1] Mao 885.00-5. As zance .1 171',A PdPtfllr ' .81 Ma 1 00 1.7 WOMB O 0 O

Cu 0 O N[o@6]O Fe O 1 0 O O.Al 00 00 00 1 'arer O

It is an object of the present invention to provide a bonding wire for a
high-speed signal line, formed by an Ag-Pd-Pt three-element alloy or an Ag-Pd-Pt
ternary alloy, that is able to transmit a stable super-high frequency signal in a several
GHz band through a highly-concentrated pure silver layer having the uniform
thickness on its outermost peripheral layer, formed by allowing the
highly-concentrated pure silver layer to be newly segregated on the surface of the
bonding wire, while using composition of the Ag-Pd-Pt three-element alloy or the
Ag-Pd-Pt ternary alloy with excellent bonding properties.
Means of Solving the Problems
[0007]

A bonding wire for a high-speed signal line, for solving the above-described
problems of the present invention, is for connecting a pad electrode of a semiconductor

device and a lead electrode on a circuit board, and is formed by an Ag-Pd-Pt ternary

3
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alloy containing a trace additive element, in which the bonding wire is formed by a
three-element alloy containing 0.8 to 2.5 mass% of palladium (Pd), 0.1 to 0.7 mass%
of platinum (Pt), and a balance being silver (Ag) with purity of 99.99 mass% or more,
and in which cross section of the bonding wire is formed by a skin film and a core, the
skin film being formed by a continuously-cast outer skin layer and a surface
segregation layer that is on the outer skin layer and is formed by an alloy having a
higher content of silver (Ag) than that of the core.

[0008]

Further, a bonding wire for a high-speed signal line, for solving the
above-described problems of the present invention, is for connecting a pad electrode of
a semiconductor device and a lead electrode on a circuit board, and is formed by an
Ag-Pd-Pt ternary alloy containing a trace additive element, in which the bonding wire
is formed by a ternary alloy containing 0.8 to 2.5 mass% of palladium (Pd), 0.1 to 0.7
mass% of platinum (Pt), at least one or more of rhodium (Rh), ruthenium (Ru), iridium
(Ir), copper (Cu), nickel (Ni), iron (Fe), magnesium (Mg), zinc (Zn), aluminum (Al),
manganese (Mn), indium (In), silicon (Si), germanium (Ge), tin (Sn), beryllium (Be),
bismuth (Bi), selenium (Se), cerium (Ce), titanium (Ti), yttrium (Y), calcium (Ca),
lanthanum (La), europium (Eu), and antimony (Sb), a total of the trace additive
element being 5 to 300 mass ppm, and a balance being silver (Ag) with purity of 99.99
mass% or more, and in which cross section of the bonding wire is formed by a skin
film and a core, the skin film being formed by a continuously-cast outer skin layer and
a surface segregation layer that is on the outer skin layer and is formed by an alloy
having a higher content of silver (Ag) than that of the core.

[0009]

Furthermore, according to one of the preferable aspects of the bonding wire

for the high-speed signal line that is formed by an Ag-Pd-Pt three-element alloy or the

Ag-Pd-Pt ternary alloy, for solving the above-described problems of the present

4
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properties of the bonding wire become stable.
[0010]

Furthermore, according to one of the preferable aspects of the bonding wire
for the high-speed signal line that is formed by the Ag-Pd-Pt three-element alloy or the
Ag-Pd-Pt ternary alloy, for solving the above-described problems of the present
invention, the high-speed signal has a frequency of 1 to 15 GHz.

[0011]

Furthermore, according to one of the preferable aspects of the bonding wire
for the high-speed signal line that is formed by the Ag-Pd-Pt three-element alloy or the
Ag-Pd-Pt ternary alloy, for solving the above-described problems of the present
invention, the pad electrode is formed by an aluminum (Al) metal with purity of 99.9
mass% or more or an aluminum (Al) alloy formed by 0.5 to 2.0 mass% of silicon (Si)
or copper (Cu) and a balance being aluminum (Al) with purity of 99.9 mass% or more.
[0012]

Furthermore, according to one of the preferable aspects of the bonding wire
for the high-speed signal line that is formed by the Ag-Pd-Pt three-element alloy or the
Ag-Pd-Pt ternary alloy, for solving the above-described problems of the present
invention, the pad electrode is an electrode pad whose outer layer is gold (Au),
palladium (Pd), or platinum (Pt).

[0013]

It should be noted that, the bonding wire for the high-speed signal line that is
formed by the Ag-Pd-Pt three-element alloy or the Ag-Pd-Pt ternary alloy, for solving
the above-described problems of the present invention, is subjected to a cold wire

drawing process by a diamond die continuously with reduction of area of 99% or more,
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and thereafter subjected to refining heat treatment so as to adjust mechanical properties
of the bonding wire, similarly to a pure gold bonding wire.

[0014]

(Main additive element)

According to the present invention, silver (Ag) with purity of 99.99 mass% or
more is used as the balance, in order to cause surface segregation of the alloy having a
high content of silver (Ag) without fail. When the purity is lower, variations in the
thickness of the surface segregation layer of the alloy having the high content of silver
(Ag) may be caused, due to the influence of impurities.

With the conventional pure silver bonding wire, silver (Ag) is ionized on the
surface of high-purity silver (Ag) in the atmosphere, and combines with hydrogen
sulfide in the atmosphere to become sulfide. The pure silver bonding wire dislikes
this sulfide since the sulfide is more stable than oxide. With the sulfide, an unstable
silver sulfide layer is first formed on the surface of the pure silver wire, and then the
silver sulfide layer grows to form a strong silver sulfide (Ag>S) film having the
thickness of several nm on the surface of the pure silver bonding wire. Moreover, it
has been considered that a sulfur compound existing in its skin layer moves along
crystal grain boundaries into the pure silver bonding wire, to hinder the bonding
properties. However, it has been found out that, when there is the surface segregation
layer of a silver alloy, having a high concentration of silver (Ag) and having higher
sulfur resistance than that of pure silver, it is possible to prevent the sulfur compound
on the surface of the silver alloy from moving into the inside, and to prevent the strong
silver sulfide (AgyS) film from being formed on the surface of the silver alloy.

[0015]
When palladium (Pd) in the range of 0.8 to 2.5 mass% and platinum (Pt) in

the range of 0.1 to 0.7 mass% are added to silver (Ag), both of these form solid
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solution uniformly in silver (Ag), and form the surface segregation layer of the silver
alloy having the high concentration of silver (Ag).

According to the present invention, the highly-concentrated silver (Ag) layer
by the surface segregation uses a surface phenomenon between a solid phase and a gas
phase of a dilute alloy, and therefore, the surface segregation layer can be formed to
have a fixed width layer around the perimeter of the bonding wire without fail.

[0016]

Meanwhile, as the balance being silver (Ag) is 96.8 mass% or more, the core
of this three-element alloy combines with sulfur in the atmosphere and sulfurized,
although the degree of sulfurization is more modest than that of the high-purity silver
(Ag) wire with purity of 99.99%. However, it has been found out that, under normal
storage conditions, the silver sulfide layer formed on the outermost surface of the
bonding wire of the three-element alloy does not move along the crystal grain
boundaries into the wire, and does not affect the bonding properties, as will be
described later. High-purity silver (Ag) and high-purity palladium (Pd) are surface
segregated, high-purity silver (Ag) and high-purity platinum (Pt) are also surface
segregated, and atomic radii of palladium (Pd) and platinum (Pt) are closer. Thus,
when high-purity silver (Ag) added with palladium (Pd) and gold (Au) is melted and
cast, a layer of highly-concentrated silver (Ag) is formed in a doughnut shape near the
skin layer. When a cold continuous wire drawing process is performed in a
manufacturing process of the bonding wire by cooling it with water or the like, while
maintaining this highly-concentrated layer, the diameter of the highly-concentrated
layer is reduced in proportion to the wire diameter of a fine wire. When the diameter
of the continuously cast wire having the diameter of 8 mm is reduced until the bonding
wire having the diameter of 20 pm is obtained (reduction of area of 99.9% or more),
the highly-concentrated layer of silver (Ag) having the thickness of several nm or less

from the surface remains on the outer skin of the bonding wire in theory. In actuality,
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the highly-concentrated layer of silver (Ag), as illustrated in Fig. 1, is observed in the
wire drawing process of the wire having the diameter of 20 pm.

In general, it is considered that the high-frequency signal of several GHz
flows through an outer layer having the thickness of about 1 pm, and the higher the
frequency is, the closer to the surface the signal flows. Therefore, even the modest
amount of highly-concentrated layer of silver (Ag) can increase a signal amount, and
allow a signal waveform to be more stable, as compared with the case where there is
no highly-concentrated layer of silver (Ag).

[0017]

0.8 to 2.5 mass% of palladium (Pd) is added according to the present
invention in order to obtain the bonding properties most suitable for a high-frequency
signal line, and to facilitate the surface segregation of pure silver (Ag), due to a
co-doping effect with platinum (Pt). The surface segregation is caused without fail
when the addition amount of palladium (Pd) is within the above-described range.
When the addition amount of palladium (Pd) is more than 2.5 mass%, specific
resistance of the bonding wire increases, which is not appropriate to the
high-frequency signal line. Further, when the addition amount of palladium (Pd) is
more than 2.5 mass%, hardness of palladium (Pd) increases significantly. Thus, when
a free air ball (FAB) is formed, crystal grains in the molten ball harden and the
bonding properties most suitable for the high-frequency signal line cannot be obtained.
On the contrary, when the addition amount of palladium (Pd) is less than 0.8 mass%,
silver (Ag) is sulfurized easily, and the segregation layer cannot be formed sufficiently.
Therefore, the range of the addition amount of palladium (Pd) is allowed to be 0.8 to
2.5 mass%.

[0018]
0.1 to 0.7 mass% of platinum (Pt) is added according to the present invention

in order to obtain the bonding properties most suitable for the high-frequency signal
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line, and to facilitate the surface segregation of pure silver (Ag), due to a co-doping
effect with palladium (Pd). The surface segregation is caused without fail when the
addition amount of platinum (Pt) is within the above-described range. When the
addition amount of platinum (Pt) is more than 0.7 mass%, the specific resistance of the
bonding wire increases, which is not appropriate to the high-frequency signal line.

On the contrary, when the addition amount of platinum (Pt) is less than 0.1 mass%,

silver (Ag) is sulfurized easily, and the segregation layer cannot be formed sufficiently.

Therefore, the range of the addition amount of platinum (Pt) is allowed to be 0.1 to 0.7
mass%.
[0019]

Further, it is more preferable that a ratio of palladium (Pd) to platinum (Pt) is
within the range of 5:1 to 10:1.  This is because, when the ratio of palladium (Pd) to
platinum (Pt) is less than 5:1, it is likely that the wire itself hardens, and a loop is
difficult to be formed. On the contrary, when the ratio of palladium (Pd) to platinum
(Pt) is more than 10:1, it is likely that the shape of the FAB becomes unstable.
Therefore, the range of 7:1 to 10:1 is more preferable in order to obtain the stable
bonding properties.

[0020]
(Trace additive element)

The Ag-Pd-Pt ternary alloy according to the present invention is the alloy in
which at least one of rhodium (Rh), ruthenium (Ru), iridium (Ir), copper (Cu), nickel
(Ni), iron (Fe), magnesium (Mg), zinc (Zn), aluminum (Al), manganese (Mn), indium
(In), silicon (Si), germanium (Ge), tin (Sn), beryllium (Be), bismuth (Bi), selenium
(Se), cerium (Ce), titanium (Ti), yttrium (Y), calcium (Ca), lanthanum (La), europium
(Eu), and antimony (Sb) is added by 5 to 300 mass ppm in total. These trace additive
elements are chosen because these are effective for the bonding properties, although

the surface segregation layer of the Ag-Pd-Pt three-element alloy is not changed by

9
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these. Specifically, these are effective for bondability between the molten ball and a

pad electrode of the aluminum (Al) metal or the aluminum (Al) alloy and, in particular,

stability over a long period of time. In addition, when the element of thodium (Rh),

ruthenium (Ru), iridium (Ir), copper (Cu), nickel (Ni), iron (Fe), magnesium (Mg), zinc

(Zn), aluminum (Al), manganese (Mn), indium (In), silicon (Si), germanium (Ge), tin

(Sn), beryllium (Be), bismuth (Bi), selenium (Se), cerium (Ce), titanium (T1), yttrium

(Y), calcium (Ca), lanthanum (La), europium (Eu) or antimony (Sb) is added in the

amount within a predetermined range to the Ag-Pd-Pt three-element alloy, flexibility

of the bonding wire is increased without deteriorating the shape of the FAB.

However, when the total amount of these elements is less than 5 mass ppm, the

addition does not produce an effect, and when the total amount of these elements is

more than 300 mass ppm, the crystal grains in the molten ball at the time of forming

the FAB are hardened too much, and chip cracking is caused. Thus, at least one of

rhodium (Rh), ruthenium (Ru), iridium (Ir), copper (Cu), nickel (Ni), iron (Fe),

magnesium (Mg), zinc (Zn), aluminum (Al), manganese (Mn), indium (In), silicon

(Si), germanium (Ge), tin (Sn), beryllium (Be), bismuth (Bi), selenium (Se), cerium

(Ce), titanium (Ti), yttrium (Y), calcium (Ca), lanthanum (La), europium (Eu), and

antimony (Sb) is allowed to be added in the range of 5 to 300 mass ppm in total. In

the normal bonding wire to be used, the addition amount is 100 mass ppm or less in

most cases.

[0021]

Incidentally, it is preferable that the pad electrode is formed by an electrode
pad whose outer layer is gold (Au), palladium (Pd), or platinum (Pt). This is because
the bonding wire of the Ag-Pd-Pt three-element alloy or the Ag-Pd-Pt ternary alloy,
according to the present invention, has the excellent bondability with the FAB.

Effects of the Invention

[0022]

10
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It is possible for the bonding wire of the Ag-Pd-Pt three-element alloy or the
Ag-Pd-Pt ternary alloy, according to the present invention, to cause the surface
segregation of the highly-concentrated silver (Ag) layer that is suitable for the
transmission of a high-speed signal, without fail. ~ As the highly-concentrated silver
(Ag) layer is added to the core of the Ag-Pd-Pt three-element alloy or the Ag-Pd-Pt
ternary alloy, it is possible to form a signal layer of the silver-rich alloy that is more
stable and is more suitable for the transmission of the high-frequency signal of several
GHz to over 10 GHz, as compared with the conventional bonding wire.

With the bonding wire of the Ag-Pd-Pt three-element alloy or the Ag-Pd-Pt
ternary alloy, according to the present invention, the thickness of the
highly-concentrated silver (Ag) layer is thin. Therefore, its mechanical strength is
similar to that of the conventional excellent bonding wire, and its bonding properties
such as FAB properties and loop properties basically compare favorably with those of
the conventional bonding wire. However, there is such an additional effect that the
bondability between the molten ball and the pad electrode is more excellent than that
of the conventional bonding wire. 'When the pad electrode has an outer layer formed
by gold (Au), palladium (Pd) or platinum (Pt), in particular, its bonding strength is
stable.

With the bonding wire of the Ag-Pd-Pt three-element alloy or the Ag-Pd-Pt
ternary alloy, according to the present invention, the addition amount of palladium
(Pd), affecting the mechanical strength of the bonding wire, is 2.5 mass% or less, and
therefore, the crystal grains in the molten ball at the time of forming the FAB are not
hardened too much. Even when a soft aluminum pad, formed by the aluminum (Al)
metal with purity of 99.9 mass% or more or the aluminum (Al) alloy formed by 0.5 to
2.0 mass% of silicon (Si) or copper (Cu) and the balance being aluminum (Al) with
purity of 99.9 mass% or more, is used with the bonding wire of the Ag-Pd-Pt

three-element alloy or the Ag-Pd-Pt ternary alloy, according to the present invention,

11
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neither chip cracking nor pad peeling is caused by the bonding wire of the present
invention, because the content of palladium (Pd) is small. As a result of this,
migration is not caused on a bonded interface, even after being left to stand at high
temperature, and an effect of transmitting the high-frequency signal stably can be

produced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]
Fig. 1 is a cross-sectional schematic view illustrating distribution of a
highly-concentrated silver (Ag) layer of the present invention;
Fig. 2 is a view illustrating voltage changes of an implementation product 1
and a comparison product 39 over time in a graphical form; and
Fig. 3 illustrates results of qualitative analysis of the implementation product 1

near the outermost surface.

DESCRIPTION OF THE EMBODIMENT

[0024]

Ag-Pd-Pt ternary alloys having element composition as illustrated in Table 1
(each containing silver (Ag) with purity of 99.99 mass% or more added with 5 to 300
ppm of a trace additive element of rhodium (Rh), ruthenium (Ru), iridium (Ir), copper
(Cu), nickel (Ni), iron (Fe), magnesium (Mg), zinc (Zn), aluminum (Al), manganese
(Mn), indium (In), silicon (Si), germanium (Ge), tin (Sn), beryllium (Be), bismuth (Bi),
selenium (Se), cerium (Ce), titanium (Ti), yttrium (Y), calcium (Ca), lanthanum (La),
europium (Eu) or antimony (Sb)) were melted and continuously cast under an inert
atmosphere, to have the diameter of 8 mm, similarly to a normal pure gold bonding
wire. The continuously-cast thick wires were continuously subjected to a cold and

wet continuous wire drawing process by a diamond die until the diameter is reduced to

12
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20 pm as a final wire diameter, that is, reduction of area is 99.99% or more, and were
subjected to predetermined refining heat treatment, so as to manufacture bonding wires
1 to 38 having the wire diameter of 20 pum (hereinafter referred to as "implementation
products") according to the present invention.

[0025]

Examples 1 to 14 are the implementation products according to claim 1,
examples 15 to 38 are the implementation products according to claim 2, and examples
8 to 14 and 27 to 38 are the implementation products according to claim 3.

[0026]
[Table 1]

13
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larly to the examples, bonding wires 39 to 47 as illustrated in Table 1,
14

imi

Incidentally, the comparison product 47 is formed by continuously casting

S
continuously-cast thick wire having the diameter of 8 mm, similar to those of the

having element composition that is outside a composition range of the present
invention were manufactured as comparison products (hereinafter referred to as

(reducing the diameter of) an element wire obtained by subjecting the

[Comparative example]
"comparison products").

[0027]
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examples, to pickling by dilute nitric acid at 80°C, and does not have the surface
segregation layer on its outer layer. Therefore, the comparison product 47 is different
from the implementation products in that it is subjected to the pickling, although its
composition is within the composition range of the present invention.

[0028]

Incidentally, the refining heat treatment in the present invention and the
comparative example is heat treatment for adjusting the bonding wire to have a
predetermined elongation value, in the measurement by a tensile breaking testing
machine, while adjusting temperature and speed in a tube furnace, similarly to the case
of a pure gold wire. After the refining heat treatment, the highly-concentrated silver
(Ag) layer segregated in the doughnut shape on the surface of the implementation
product was not lost.

[Checking of surface segregation layer]
[0029]

The Ag-Pd-Pt three-element alloy having the composition of the
implementation product 1 was continuously cast under the inert atmosphere to obtain
the thick wire having the diameter of 8 mm. This thick wire was subjected to the
continuous wire drawing process while being water-cooled, and subjected to the
refining heat treatment so that a percentage of elongation becomes 4%, and the
bonding wire having the diameter of 20 pum was obtained. With regard to the silver
(Ag) element of the bonding wire, the Auger analysis was performed in the depth
direction from its outer layer toward its center. The results are illustrated in Fig. 1.

As is clear from Fig. 1, it is found out that the surface segregation layer of
highly-concentrated silver (Ag) exists from the surface of the implementation product
to the depth of about 10 nm.

[Checking of silver sulfide]
[0030]

15
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The bonding wire of the implementation product 1 was left to stand in a
room-temperature atmosphere for 30 days. Then, the thickness of the silver sulfide
(AgoS) film at the outermost surface was measured by the Sequential Electrochemical
Reduction Analysis, by using a sulfide film thickness measuring machine (QC-200
manufactured by Cermatronics Boeki Co., Ltd.). As a result of this, the silver sulfide
(Ag2S) film was not detected. This is illustrated by the red line (a curved line inan L
shape) in Fig. 2.

[0031]

The bonding wire of the comparison product 39 was left to stand similarly to
the implementation product 1, and the thickness of the silver sulfide (Ag,S) film was
measured. As a result of this, the silver sulfide (Ag,S) film was detected. This is
illustrated by the green line (a step-wise curved line) in Fig. 2.

[0032]

Fig. 2 is a view illustrating voltage changes over time in a graphical form.
With the comparison product 39 in which silver sulfide (Ag,S) is formed, such a
phenomenon occurs that the voltage does not change over time in a section where the
voltage is -0.25 to0 -0.80 V. Meanwhile, with the bonding wire of the implementation
product 1, the above-described step-wise phenomenon does not occur in the
above-described section of the voltage, and the voltage changes over time. Thus, it is
found out that silver sulfide (Ag,S) is not formed in the outermost surface of the
bonding wire of the implementation product 1.

[0033]

In addition, the outermost surface of the implementation product 1 is
subjected to qualitative analysis to check a detection amount of sulfur (S). This is
illustrated in Fig. 3.

As illustrated in Fig. 3, it is found out that sulfur (S) exists in the outermost

surface of the bonding wire of the implementation product 1. However, silver sulfide

16



.n LS 15 [ Conpar ati ve exanple] [00271 Simlarly
to the exanples, bonding wwres 39 to 47 as illustrated in Table 1, having
el enent conposition that is outside a conposition range of the present

i nventi on were manufactured as conpari son products (hereinafter referred to
as "conparison products"). I ncidentally, the conparison product 47
is formd by continuously casting (reducing the dianmeter at) an el enent

Wi re obtained by subjecting the continuously-cast thick. wire having the
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nitric acid at 80C, and does not have the surface segregation layer on its
out er | ay8) of thherdingmire of ithe iowigraeritaion medtdis iz stae gf thestlesrt from the

i mpl ementation products in that it is subjected to the pickling, although
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(Ag) layer, which is most suited for the high-speed signal layer.

[Aluminum splash test]

[0034]

Each of the implementation products 1 to 38 and the comparison products 39

to 47 was set in a commercially-available wire bonder. Under an atmosphere of

blowing nitrogen, the free air ball (FAB) was formed aiming at 38 um on a 70

um-square aluminum pad (having a gold (Au) layer with the thickness of 20 nm

evaporated onto its surface), formed by an Al-1.0 mass% Si-0.5 mass% Cu alloy, on

the surface of a dummy semiconductor IC (having a test pattern embedded in a wafer,

which is abbreviated as "TEG"), and ball bonding was performed under the conditions

of substrate heating temperature of 200°C, loop length of 5 mm, loop height of 220

pm, crimping ball diameter of 50 um, and crimping ball height of 10 pm. With

regard to a measurement method of the amount of aluminum splash, the crimping ball

of each of the wires was observed from immediately above, by using a commercially

available SEM, to measure the position of aluminum that protrudes to the maximum

extent from the crimping ball, by setting the peripheral portion of the crimping ball as a

base point. When the protruded amount of aluminum is less than 2 um, it is judged as

© (very good), when it is 2 um or more and less than 4 pm, it is judged as O

(good), and when it is 4 um or more, it is judged as X (poor). Evaluation results of

the aluminum splash test are illustrated in Table 2.

17



[ Checki ng of surface segregation |ayer] [0029] The Ag- Pd- Pt

three-el enent all oy having the conposition of the inplenentation product 1
was continuously cast under the inert atnosphere to obtain the thick wire
having the dianeter of 8 mm This thick wire was subjected to the
continuous wire drawi ng process while being water-cool ed, and subjected to
the refining heat treatnent so that a percentage of el ongation becones 4%
and the bonding wire having the dianmeter of 20 p. mwas obtained. Wth
regard t dChipedamdgedast] Ag) el enent of the bonding wire, the Auger analysis
was performed in the depth direction fromits outer layer toward its
center. THe33lesults are illustrated in Fig, 1. As is clear fromFig.
1, it is found out that the surface segregation |ayer of )

hi ghl y- concent laadditien, |chiprdatysgp oétiesemples gyastehamingds adecasdingfiea chip

i npl ementati on product to the depth of about 10 nm [ Checking of silver

sul fi de] depwpgofest, hecalwsingnnppdivasedisfolved dyiagpeas sediverhydroddeend thegs 1 eft to
stand in a roomtenperature atnosphere for 30 days. Then, the thickness of
i he si | véhe hip waggbgergsidy ﬁlFFWe&ﬁCW&E@%P%stWé%W%@%@§ Bsured by the

Sequent i El ect rochem gal Reductjon, Analysis, by using.a sul.fjde film
thicknes?%&%fﬁsf dﬁTﬁg‘]Src?iaWée’e 1066 Haghe %rﬁe}%@agrbifo SHghlrit s Boeki Co.
Ltd.). As result of this, the silver su]fide 2S) fil mwas, not

et et ed USR] & (Rops rdiber By oot Mo el botssda Th an L shape)

in Fig. 2, 03 The bondi ,L,re of the conparison product 39 was
left to ig%%§°si%?Vﬁ??@m?gﬁpﬂgwaﬂﬁﬁgﬂghtation product 1, and the thickness
of the sib¢§§ sulfide (AO filmwas nmeasured. As a result of this, the
silver suPfi%e (Ag2S) filmwas detected. This is illustrated by the green
line (a i&aﬁé§ise curved line) in Fig. 2. [0032] Fig. 2 is a view
il lustrating voltage changes over tinme in a graphical form Wth the
conpari son product 39 in which silver sulfide (Ag2S) is formed, such a
phenonenon occurs that the voltage does not change over tinme in a section
where the voltage is -0.25 to -0.80 V. Meanwhile, with the bonding wre of
the i npl enentation product 1, the above-described step-w se phenonenon does
not occur in the above-described section of the voltage, and the voltage
changes over tine. Thus, it is found out that silver sulfide (Ag2S) is not
formed in the outernost surface of the bonding wire of the inplenentation

product 1. [0033] In addition, the outernost surface of the
i npl enentation product 1 is subjected to qualitative analysis to check a
detection anmount of su fur (S). This is illustrated in Fig. 3. As

illustrated in Fig. 3, it is found out that sulfur (S) exists in the
outernost surface of the bonding wire of the inplenentation product 1.
However, silver sulfide (Ag2S) is not detected in the results in Fig. 2,
and therefore, it is found out that sulfur (S) of the bonding wire of the

i npl ementation product 1 is in a state of the silver sulfide layer that is
unst abl e and physically adsorbed, wthout reacting wth silver (Ag)
existing in the outernost surface and form ng the strong silver sulfide
(Ag2S) film Further, as is clear fromFig. 3, the netal elenent in the
out ernost surface of the bonding wire of the inplenentation product | is
silver (Ag), w thout including palladium (Pd) or platinum(Pt), and
substantially forms the highly -concentrated silver (Ag) layer, which is
nost suited for the high-speed signal |ayer. [A um num splash test] [00341
Each of the inplenmentation products Ito 38 and the conparison products 39
to 47 was set in a comercially-available wire bonder. Under an atnosphere
of blowing nitrogen, the free air ball (FAB) was forned aimng at 38 pm on
a 70 msquare alum num pad (having a gold (Au) layer with the thickness of
20 rimevaporated onto its surface), fornmed by an Al-1.0 mass% Si -0.5 mass%
Cu alloy, on the surface of a dumry sem conductor |IC (having a test pattern
enbedded in a wafer, which is abbreviated as "TEG'), and ball bondi ng was
performed under the conditions of substrate heating tenperature of 200C,

| oop length of 5 mMm |oop height of 220 pm crinping ball dianeter of 50 m
and crinping ball height of 10 m Wth regard to a neasurenent nethod of

t he amount of al um num splash, the crinping ball of each of the wi res was
observed fromi medi ately above, by u kng a comercially available SEM to
measure the position of alum numthat protrudes to the maxi num extent from
the crinping ball, by setting the peripheral portion of the crinping bal

as a base point. Wien the protruded anmount of aluminumis |less than 2 pm
it is judged as (5) (very good), when it is 2 mor nore and |less than 4 m
it is judged as 0 (good), and when it is 4 mor nore, it is judged as X
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[Signal waveform deterioration test]
[0037]

Next, a signal waveform deterioration test was performed by a four-terminal
method. The implementation product wires and the comparison product wires (each

having the wire diameter of 20 um and the length of 100 mm) were used as the
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samples. At the time of measurement, a commercially-available function generator
was used to propagate a pulse waveform of 10 GHz and 2 V to the implementation
product wires and the comparison product wires, and the signal waveform was
measured by a predetermined commercially-available digital oscilloscope and probe
that can measure the pulse waveform in a 10 GHz band. A probe interval for the
measurement was allowed to be 50 mm. With regard to a degree of signal waveform
deterioration, a delay time of the output signal waveform propagating through the wire
was measured, until it reached an input voltage value. From the results of the
experiment, it is confirmed that the signal delay time of the conventional wire (15 ppm
of Ca, 20 ppm of Eu, and 99.999 mass% of Au as the balance) is 20%. Thus, with
regard to the judgment of the signal delay time, when the delay time is 20% or less of
that of the conventional wire, it is judged as O (good), and when the delay time is
more than 20%, it is judged as X (poor). Evaluation results of the signal waveform
deterioration test for the implementation product wires and the comparison product
wires are illustrated in Table 2.

[Shear strength test of crimping ball]

[0038]

The members and the evaluation device that are similar to those used in the
aluminum splash test were used to perform the bonding of each of the implementation
product wires and the comparison product wires to a dedicated IC chip by using the
wire bonder.  With regard to the 100 products, "Multipurpose bondtester (BT) (Series
4000)" manufactured by Dage Japan Co., Ltd. was used to perform shear strength
evaluation of the crimping ball at the time of the ball bonding. The results of the
shear strength evaluation of the crimping ball are illustrated in Table 2.

[0039]
In Table 2, "ball shear" means a shear load value of first bonding. © (very

good) means that the value is 12 kg/mm? or more, O (good) means that the value is
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10 kg/mm? or more and less than 12 kg/mm?, and X (poor) means that the value is
less than 10 kg/mm? or ball stripping is caused.
[0040]

It is found out that, as is clear from the results in Table 2, in the signal
waveform deterioration test, no deterioration is found in any of the implementation
products 1 to 38 according to the present invention, but the deterioration is found in all
of the comparison products 39 to 47.

With regard to the aluminum splash test, the chip damage test and the shear
strength test of the crimping ball, all the implementation products 1 to 38 according to
the present invention have the excellent results. However, it is found out that the
comparison products 39 and 40 have unfavorable results with regard to the shear
strength test of the crimping ball, and the comparison products 42 to 46 have
unfavorable results with regard to the aluminum splash test and the chip damage test.
Industrial Applicability
[0041]

The bonding wire of the present invention is most suitable for transmitting
super-high frequency signals of several GHz to over 10 GHz, which has a wide variety
of applications as the bonding wire for signals, suitable for transmitting the

high-frequency signals.
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39 C"9 x 400 4/0 0 x 0 42x X X ----- 2-- 0 43 x 44x 46 X 46 x 470
X X X (;) X X X x a0 [Signal waveform deterioration test] [0037]

signal waveformdeterioration test was perforned by a four-term nal nethod.
The inpl enentati on product wires and the conparison product wires (each
having the wire dianeter of 20 }tin and the |length of 100 nm were used
sanples, At the tune of neasurenent, a conmercially-avail able finetion
generator was used to propagate a pul se waveformof 10 GHz and 2 V to the

i mpl enentWHANHCbAIEDAMS:es and t he conpari son product wires, and the

si gnal waveform was neasured by a predeterm ned comrercial |l y-avail abl e

di gi tal dscil | dsbopéngawite pergbld ghtspeedsignahibesstibatis ubesl fouremegangedprdn in a | 0
GHz band. A probe interval for the measurement was allowed to be 50 nm
Wth regaiestoge af @eegrieendyrtos dgyied andgd ehd elerigedecn aeizuitdwardaagdisay ti me of

t he out put signal waveform propagating through the wire was nmeasured, until
reached dArm an g egt terapiyeallop coptatiieg ¢ Baee additye elgmendxperinent, it is

confirmed that the signal delay tine of the conventignal wire 5 g m of Ca,
20 ppm of Eu, aWyrethedendngsvicos fapneddy midreszalement pllpy comeining{g 1o r egar d

he jud . Si | I i me, he del [ is 20%
| ess of tramants phed i onbfo & e Taotbiruar By 82l §oqgGdInGnd when
the del ay.ti L h 20% it is judged X . Eval uati It f
the si onali Vet 57 RIBER: 41 PaSot BERORoAM ne. | mpl emrent ati on product v res
trength oot OTORTRRTRG -t pFieBhTue RS Ribiia vha Bl findind $HEE
eval uat | o, AN oLlRo R ) M Ahub 8L DASE.HPSEN [t Iy AL pum Pl ash

test were used to form ondr ng ‘of eac e 1 nplenmentation product

S AN Qe B FATRAL AL, B A UGler Wih T8k AnPisISRMERLEM Dloxd et US| 0 f e,

W re bon o} product s, i purpose ndt est er

(Series 4 }gom%ffgﬁ‘;&r(gg}@lt&ﬁ%ggf%&g&m., Ltd. was used to perform

shear strength eval uation e crinping ball at the tine of the ball

bondi ng. oThe reskdignOfirt A aHgiREpRHsRREL ineSihad 9 abdORr 8énrleb@ngs pawi ng bal |
are illustrated in Table 2.
electrode of a semiconductor device and a lead electrode on a circuit board, and is
formed by an Ag-Pd-Pt ternary alloy containing a trace additive element,
wherein the bonding wire is formed by a ternary alloy containing 0.8 to 2.5
mass% of palladium (Pd), 0.1 to 0.7 mass% of platinum (Pt), at least one or more of
rhodium (Rh), iridium (Ir), ruthenium (Ru), copper (Cu), nickel (Ni), iron (Fe),
magnesium (Mg), zinc (Zn), aluminum (Al), indium (In), silicon (Si), germanium (Ge),
beryllium (Be), bismuth (Bi), selenium (Se), cerium (Ce), yttrium (Y), lanthanum (La),
calcium (Ca) and europium (Eu), a total of the trace additive element being 5 to 300
mass ppm, and a balance being silver (Ag) with purity of 99.99 mass% or more, and
wherein cross section of the bonding wire is formed by a skin film and a core,
the skin film being formed by a continuously-cast outer skin layer and a surface
segregation layer that is on the outer skin layer and is formed by an alloy having a
higher content of silver (Ag) than that of the core.

3. The bonding wire for the high-speed signal line according to claim 1 or claim

2,
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[ 0039] 10 kg/ mMm®? or nore and | ess than 12 kg/ m®2, and X (poor) neans that
the value is less than 10 kg/nun2 or ball stripping is caused. (0040)

It is found out that, as is clear fromthe results in Table 2, in the
signal waveform deterioration test, no deterioration is found in any of the
i npl enentation products | to 38 according to the present invention, but the
deterioration is found in all of the conparison products 39 to 47.

Wth regard to the alum num splash test, the chip danage test and the shear
strength test ofhetdiea eationgtipatiadiainl (Pdpdol plathem (B} s vetiimb rangepf 6duots 1 to 38
according to the present invention have the excellent results. However, it
is found l@ut that the conparison products 39 and 40 have unfavorable
results with regard to the shear strength test of the crinping ball, and

t he conpadki sonThebduding Wi foothé dighaspeed signaldinatabeordiag i eloimil tof claggar d t o
the al um num spl ash test and the chip damage test. Industrial Applicability
[0041] 2, The bonding wire of the present invention is nost suitable
for transmtting super-high frequency signals of several Giz to over 10
GHz, whi ch has Whergiiethehaghi-gnepd signaldiss iadepdpensy oid tpde Wdhding wire for
signals, suitable for transmtting the_hjigh-frequency signpals.  VWHAT IS
CLAI MED I5s; 1. Thabpagiag Maredpr hehigh-gpepd &Hn%ld@édw%‘?faw&lto F§%HB Ligglaipg ysed
for connecting a pad el ectrode of a sem conductor device and a | ead

el ectrodeson a circuit board, and is forned by an Ag-Pd-Pt ternary all oy

For mad by a- hPOESH BiR SePBYF ommadhyp vaeg VR SORRE! 2of S
Pd), 0.1, 03, % of plati. RO, | i NQo,S| A ith

pur 1y orsbmaavhiasiear shafumPi (AT oy ) ST p8EhAR Y sl (P ™

bondi | i.s f d kin fil 3 [ I [

For med by o0 Sk R [T e s bk DR 300 g TP Rt BAHE 20, o1

| ayer th ]%s on the outer skin layer and is forned by an alloy having a

hi gher contént of silver (Ag) than that of the core. 2. A bonding wire for
a hi gh-speed si A : .S I ' I de of a
sem gond%t or gg\g/{%léré&lgggll{f%% %é G%F%glgn%lgﬂia%%gﬁrg%gﬁo Eg‘g}lg,&%ﬁﬂi s formed
by an Ag-Pd-Pt ternary alloy containing a trace additive el enent,

wherein the bonding wire is formed by a ternary alloy containing 0.8 to 2.5
nmass% of pal | agingmaif Bit)pad@lebtrbe 3.-af MRESAE PAd Whedel JuedhI4yRk Is godd (A@Rst one or
nmore of rhodium (Rh), iridium(E), ruthenium (Ru), copper (Cu), nickel

(Ni), iroalidigh.(PaRenpRtikam(™), zinc (Zn), alum num (Al), indium(In),
silicon (Si), germanium (Ge), beryllium (Be), bisnmuth (Bi), selenium/(Se),
cerium (Ce), yttrium(Y), lanthanum (La), calcium (Ca) and europium (Eu), a
total of the trace additive elenent being 5 to 300 mass ppm and a bal ance
being silver (Ag) with purity of 99.99 mass% or nore, and wherein
cross section of the bonding wire is formed by a skin filmand a core, the
skin filmbeing formed by a continuously-cast outer skin |layer and a
surface segregation layer that is on the outer skin layer and is forned by
an all oy having a higher content of silver (Ag) than that of the core. 3.
The bonding wire for the high-speed signal |ine according to claim1 or
claim wherein a ratio of palladium(Pd) to platinuma range of 5:1 to 10: 1.
4. The bonding wire for the high-speed signal line according to claim!|l
wherein the-speed signal has a frequency of 1 to 15 GHz, 5. The bondi ng
wire for the high-speed signal |line according to claiml or claim

wherein the pad electrode is formed by an alum num (Al) nmetal with purity o
99.9 mass% or nore or an alumnum (Al) alloy fornmed by 0.5 to 2.0 mass% of
silicon (Si) or copper (Cu) and a bal ance being alum num (Al) with purity
of 99.9 mass%or nore. 6. The bonding wire for the high-speed signal |ine
according to claim1 or claimwherein the pad el ectrode is an el ectrode pad
whose outer layer is gold Au), palladium (Pd), or platinum (Pt).
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