1 SOLDER ALLOY, SOLDER BALL AND SOLDER JO NT USI NG
SAME TECHNI CAL FI ELD The present invention relates to
a solder alloy used in soldering of electronic parts,
etc., a solder ball, and a solder joint. 5 BACKGROUND
ART In recent years, as nobil e devices such as

cel lul ar phone, etc. are deéreased in nount ar ea,
there is a tendency of mniaturization in

sem conduct or packages. A nmount configuration in
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(Ball Gid Array) 1is a typical one and its el ectrodes
are connected to a 15 nother board by neans of
spherically fornmed solder, that is, solder balls.
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BACKGROUND ART

In recent years, as mobile devices such as
cellular phone, etc. are decreased in mount area, there
is a tendency of miniaturization in semiconductor
packages. A mount configuration in which a
semiconductor package is connected to a mother board
has undergone changes to a type in which electrodes are
formed in a grid, from a peripheral type in which
conventional lead-frame is used. BGA (Ball Grid Array)
is a typical one and its electrodes are connected to a
mother board by means of spherically formed solder,
that is, solder balls.

Different external forces are sometimes
applied tec a semiconductor package, and a drop impact
can be listed as an external force peculiar to mobile
devices. This is because a mobile device may
carelessly be dropped when it is used or carried. With

conventiocnal peripheral type packages, lead-frame is



to a nother board by neans of solder balls w thout

| ead-frame, it is required that solder joints absorb
an 5 external force in order to prevent a

sem conduct or package and a nother board from bei ng
broken. Consequently, reliability in solder joints
when a drop inpact is applifed is very inportant in
e %L? t Vi if : [ AeM

I\/)é%%%i g,’ E%Igbr-% ee?%%o lc'llénfnfEI Qn{;ltsglrlilggpr%gg recﬁcn%er%gigdl

alel,yoner the oM I 1S apedl AGldeviddres d g oiatdl efirectly
environnental problens in recent years, typified by

ReBS a( 2@ neds tydagld &Y efedie dfsedfdeaedadils wiazandous
substances) Directive of EU, and the use of 15 Sn-Pb

eQkact-ife-agel, ddr, iwhirchphasdaetmic aoletdr graldts alsemkb an
is being inhibited. Sn alloys, such as Sn-3Ag- 0.5Cu

5 (lextrassd) £ cSre3 iSAPEEIS Qe (de s -0 @Benigandudtar
be listed as main alternate solders. Wile Sn has a
mplatcilaget emseramatdiesf xged Ly deeinee | REQIFD -
tenperature can be |owered to around 220C by addition
o oG S T S GOy TG} 1P L 4G S e (i 0P
| ow t o enabl e suppressi ng thernal amage to ..
séﬁﬁ@ﬁﬁdd&%éﬁ“ﬂé&&bdé%f’ ?rEﬁﬁkm9 FEEREP e
Sn fonn1aﬁéhgier taIIL%'co \RHQQ with Sn to 25 harden
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there i s caused a serious pr fracture is

1,20l qﬂ\'\fe%(girti:ué[llal a 1301 ek 1 d Al Ston ot SF facei wheled to
3 obi e device is ropped. Thus, there is a rapidly
address environmental problems in recent years,
typified by RoHS (the restriction of the use of certain
hazardous substances) Directive of EU, and the use of
15 8n-Pb eutectic solder, which has been conventionally
used, is being inhibited. Sn alloys, such as Sn-3Ag-
0.5Cu (by mass%), Sn-3.5Ag-0.75Cu {by mass%), etc., can
be listed as main alternate solders.
While Sn has a melting temperature of 232°C,
20 the melting temperature can be lowered to around 220°C
by addition of Ag and Cu whereby a soldering
temperature is made low to enable suppressing thermal
damage to semiconductor packages. However, since Ag
and Cu in Sn form an intermetallic compound with Sn to
25 harden solder, the ductility is poor compared to that
of conventional Sn-Pb eutectic solder. Consequently,
there is caused a serious problem that fracture is

liable to occur along a solder joint interface when a



i ncreasing demand for a Pb-free solder material having
excel l ent drop inpact resistance. The follow ng two
approaches are conceived as 5 a nethod for inproving
the inpact resistance of a solder joint. One of them
Is to inprove the ductility, of solder to be well

def orned, which is achieved™by reducing the contents
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when 3.5 mass% Ag and 0. 75 mass% Cu are added in Sn

Hawewen enitt dr®pea@ssdr telsd staddea | arger anount of Ag
than Cu in order to lower the nelting tenperature of

the sol der wer ey lanviisiongwer Fpmrcehiien @ra adneeived as
sol der becomes harder. In this relation, according to
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mass: Cu are added in Sn. However, it is necessary to
add a larger amount of Ag than Cu in order to lower the
melting temperature of the solder whereby arising a

15 problem that the solder becomes harder. In this
relation, according to Patent Publication 1 and Patent
Publication 2, mechanical properties of sclder are
improved with use of a Sn-Cu alloy containing a small
amount of Ag, or without Ag.

20 The other approach is to improve the strength
of a solder joint interface. For example, Patent
publication 1 teaches that when a Sn-Cu alloy
containing not less than 0.7 mass% Cu is provided on
Ni, a Cu-Ni-Sn compound formed at a solder joint

25 interface does not exfoliate from Ni, whereby a stable
joint is obtained. Patent Publication 1 further

teaches that when a solder containing a much amount of

Cu is provided con a Cu electrode, it is possible to
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inhibit erosion of the Cu el ectrode whereby attaining
i nproved solder joint strength. In order to inprove
sol der joint strength, Patent Publication 3 has
proposed a Sn-Ag-Cu-N based 5 solder alloy
containing 0.5 to 5.0 nass@%Ag, 0.3 to 1.5 mass% Cu,
0.05to 1.0 mass*-. N, and“the bal ance of Sn and

05 to 1.0 mss*. N, and’the | i
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2%m§90NEdeE%§b%9d?oihﬁesE&%%@%%Qr l'ayer exhibiting an

nchor eftfect tThereby inhi'biting an occurrence

probabi | ity 1of oftseet Wi iglprihe igiiethrace il igyremsth,
the solder joint strength. In Patent Publication 3,
swglenef Peell ikas ibeen $pecidricpalded eorshi-ArredunNih hesed
of a solder alloy containing 1.0 nass% Ag, 0.5 mass%
Cgcaderlal0ol messiMingard 5 e Baltamse deidy Sharkp 1-5
unavoi dable inpurities. Patent Publication 1:
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a%%a%aﬂfle§5&é”f?g%éugetiEﬂtﬁ% interface to improve the

solder joint strength. In Patent Publication 3, such
effect has been specifically confirmed with use of a
solder alloy containing 1.0 mass% Ag, 0.5 mass% Cu and
0.1 mass$ Ni, and the balance being Sn and unavoidable
impurities.

Patent Publication 1: JP-A-11-221635

Patent Publication 2: JP-A-2000-1900890

Patent Publication 3: JP-A-2003-230980

PROBLEMS TC BE SOLVED BY THE INVENTION

In this manner, Sn-Cu alloys have advantage
of having a lower melting temperature than Sn whereby
restraining thermal damage to semiconductor packages
when soldering, and of a stable joint strength when
provided on a Ni electrode or a Cu electrode.

However, for the Sn-Cu-based alloys disclosed

in Patent Publications 1 and 2, it has turned out that
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when a Sn-Cu alloy with a high content of Cuis
provided on an Ni el ectrode and exposed to a high
tenperature for a long tinme due to, for exanple, heat
generated in the sem conductor package, a Cu-Ni-Sn 5
conpound grows to be thick %esulting i n adversely

af fecting the adhesion strength of the all oy.

A\%ﬁ%dangﬂt eﬁ a@@wyt w't r aSfk gﬁf cBhkeyt e t%sa%ndl ng
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property of resistance to an inpact, it is possible

t eehpsirh@lregrowt B 0bnghe ifk- NueShogofpeurtampiaer hzat
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steasghbeal ihhehsokder cahbioy tios packageai aedu- Fur-tSwer |
when sol der alloys disclosed in 15 Patent Publication
3camposobdgredst toNbeeltbdckodesultiag 361 dewezlsedys
bei ng Sn-1. OAg-0.5Cu-0. 1Ni, Sn-1.5Ag- 0.5Cu-QO I Ni
Saffesagng. 58g- edhrisiosn syrengty sEurhe PNloy -

Sn-4. QAg- 0. 5Cu-O. I Ni and Sn-2.5Ag-1. OCu-Q | Ni b
mass%), t heASEPFEAPoitw & Rﬁﬁt&ﬁuﬁ-a?\?esr? ﬂ}c}%) d 20

to a high tenperature enviraqnmen r hort ti
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joints are exposed to
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ere occur a S|gn|f|cant gromﬁh of
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d teriorated because such a grown conpound cannot

exhidid o he Ahehepafdtefle environment while a stable
joint strength of the solder alloy is not attained.

Further, when solder alloys disclosed in

Patent Publication 3 are scldered to Ni electrodes, the
solder alloys being Sn-1.0Ag-0.5Cu-0.1Ni, Sn-1.5Ag-
0.5Cu-0.1Ni, Sn-2.5Ag-0.5Cu-0.1Ni, Sn-3.0Ag-0.5Cu-
0.1Ni, Sn-4.0Ag-0.5Cu-0.1Ni and Sn-2.5Ag-1.0Cu-0.1N1
(by mass%), the sclder joints, which have been exposed
to a high temperature environment for a short time of
around 100 hours, can maintain their joint strength
because no growth of the Cu-Ni-Sn compound ©CCUrS.
However, if the solder joints are exposed to the high
temperature environment for a longer time of not less
than 500 hours, there occur a significant growth of the
Cu-Ni-Sn compound whereby the joint strength is

deteriorated because such a grown compound cannot

exhibit the anchor effect.
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6 An object of the present invention is to provide a
Pb-free sol der alloy, which has an excellent property
of resistance to drop inpact, and of which joint
strength is restrained in deterioration even 5 after
long tine exposure to a higg tenperature environment,
a solder ball, and a solder“joint. MEANS FOR SOLVI NG

THE PROBLEMR,THE RSBl chidy eRLacs.l Quidrthah ik Ice

possible to marntain sufficient joint strength of a

SBi o0 aQUaakk0y rRLCBALLE dl0RY, | IR cexpRSUTG xcellent
h gﬁ tenperature environnment by adding a strictly

\(;E%b%&lt o rarREN s taincRd tandiip iiRipadthe asrt @f alHioh
ereby the present invention has been achieved.

THYS ntageekdigh® e teetprdase imvetsmdmrats arhenven s
provi ded a solder alloy consisting essentially of, by
mass er0.1bnigo thnEYeAgpostire tte G TEBICTFemHenat Hif

anount defined by the equation of 12.5 < Cu/N <_
1e0wiramherite Balsmicewobadd ardidifaiiifis ¢ 010t -
inmpurities. Preferably, the solder alloy contains 0.3
to 20 1.2 mass% Ag. Preferably, the sol der alloy

contains 0.01 to 0.04 nass%r\bljjcig The sol der all oy of
t HEANS ERR GIPICEN D & His e’ OBIEMY spher oi di zed sol der

provi ded on HAERARAETY b SR (AR H ol et

j(gégéible fto maintain sufficient joint strength of a Sn-
cu alloy even after long time exposure to a high
temperature environment by adding a strictly controlled
amount of Ag and Ni into the Sn-Cu alloy, whereby the
present invention has been achieved.

Thus, according to the present invention,
there is provided a solder alloy consisting essentially
of, by mass, 0.1 to 1.5% Ag, 0.5 to 0.75% Cu, Ni in an
amount defined by the equation of 12.5 < Cu/Ni < 100,
and the balance of Sn and unavoidable impurities.

Preferably, the solder alloy contains 0.3 to
1.2 mass% Ag.

pPreferably, the solder alloy contains 0.01 to

0.04 mass% Ni.

The solder alloy of the invention can be used

as a spheroidized solder ball.

pPreferably the invention solder alloy is
provided on a Ni electrode so as to form a solder

joint.



10

15

20

25

7 According to the invention, it is possible to

mai ntain the joint strength by preventing, as far as
possi bl e, occurrence of conpounds other than a single
compound of (Cu, Ni) 6Sn5 under a high tenperature 5
environment, so that a high,connection reliability can
be nmai ntai ned even under an el evated tenperature

during use [ [ RLER , DESCRIsPLN iGEe t
THE DRAMVNGég%igéq%gig%aéggaﬁﬁrﬁg électron ﬁicrogﬁapﬁ ©

0f22nt 49nS ehder oii GitNs t5eelit®N 1of phridventtion, Examie hs
after exposuré to 150C for 500 hours; Fig. 2 is a
S@é@%ﬁ&@e?'%@Eb&&eﬁh@raﬁrabhthnms salheer gheimta single
section of Invention Exanple 3 after exposure to 150C
f ebmpRRANAOWES;(ClH EFiQ.+S8s iwndescanmgly etreyrure

m crograph of a solder joint section of I|nvention
Examilrenteaftt, erso ehpes @r duitgh IBOGEGH B0 Howt L iy can
4 is a scanning electron mcrograph of a solder joint.
sket meri nek Inede Siviesh UBGRH I8 5 dzc?éé%?&d?nﬁuef% o‘iu“ng
150C for 500 hours; Fig. 5 is a scanning electron
muscogfaph veloid e $¥1Yd&S 1 oi nt section of Conparative
Exanple 2 after exposure to 150C for 500 hours; Fig.

6A is a scanning electron mcrograph of 25 a solder

joint sect] %éi ventd ﬂ%ﬁﬁﬁﬁégl.exposure to 150C
f@IRIggODrFﬁ#&,P dddq Bll]‘s ows a Tine analysis result
Fig. 1 is a scanning electron micrograph of a

solder joint section of Invention Example 1 after

exposure to 150°C for 500 hours;

Fig. 2 is a scanning electron micrograph of a
solder joint section of Invention Example 3 after

exposure to 150°C for 500 hours;

Fig. 3 is a scanning electron micrograph of a
solder joint section of Invention Example 4 after
exposure to 150°C for 500 hours;

Fig. 4 is a scanning electron micrograph of a
solder joint section of Invention Example 5 after
exposure to 150°C for 500 hours;

Fig. 5 is a scanning electron micrograph of a
solder joint section of Comparative Example 2 after
exposure to 150°C for 500 hours;

Fig. 6A is a scanning electron micrograph of
a solder joint secticn of Invention Example 1 exposure
to 150°C for 500 hours;

Fig. 6B shows a line analysis result
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8 corresponding to the scanning el ectron m crograph
shown in Fig. 6A; Fig. 7Ais a scanning el ectron

m crograph of a solder joint section of Invention
Exanple 3 after 5 exposure to 150C for 500 hours; Fig.
7B is a line analysis resulg for the scanning

el ectron m crograph shown in Fig. 7A; Fig. 8Ais a

S ' r .cr f Hogemijc@icatraph shown
R I N T
| pyepipongafter exposure to 150C for 500 hours; Fig.
Eis a@aline analysis result for the scanning
el ectron m grggr gph ishewscannfing. e8Actiicg rdAricgraiph of
scanning el ectron mcrograph of a solder joint
sackbodedf jbivnentsiean iExamil Ensegoft itcme ExBidcesemtter
invention after exposure to 150C for 500 hours; Fig.
9Bxpesarkei ne asal¢stsrr 880l hofise;t he scanning
el ectron m crograph show in Fig. 9A Fig. 1O§iis q
scanni ng el &@r-off Brilgr Ggrldpie Gnalysdd d&SYidi e the
section of Conparative Exanple %ggfter ()exﬂgsure to
1506r3ng5 G0 SHEIE THFRFRN SN e dd ysi'y resul t

for the canni | ect i C. d '
Lo e ST S L SRR I n of

on M crograp

I d j oi nt_.sect ] .of | ' ; fat
o Pe Sera st o ST AL SR AL O e e

_ _ er  exposure t for 500
A BEeaY | SR P Tt o Bxann e g of he

Fig. 8B is a line analysis result for the
scanning electron micrograph shown in Fig. 8A;

Fig. 9A is s a scanning electron micrograph
of a solder joint section of Invention Example 5 of the
present invention after exposure to 150°C for 500 hours;

Fig. 9B is a line analysis result for the
scanning electron micrograph shown in Fig. 9A;

Fig. 10A is a scanning electron micrograph of
a solder joint section of Comparative Example 2 after
exposure to 150°C for 500 hours;

Fig. 10B is a line analysis result for the
scanning electron micrograph shown in Fig. 104;

Fig. 11 is a scanning electron micrograph of
a golder joint section of Invention Example 6 of the
present invention after exposure to 150°C for 500 hours;

Fig. 12 is a scanning electron micrograph of
a solder joint section of Invention Example 7 of the

present invention after exposure to 150°C for 500 hours;
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present invention after exposure to 150C for 500
hours; 9 Fig. 13A is a scanning electron m crograph
of a solder joint section of Invention Exanple 6 of
the present invention after exposure to 150C for 500
hours; Fig. 13Bis a line %nalysis result for the 5
scanni ng el ectron mcrograph shown in Fig. 13A; Fig.

14Ai's a SC@QQ'ngBﬁl§§tEogcﬁhﬁﬁﬁ?ré@BcQEonamiﬁkﬁgkaph of
joint section”of Invention Exanple 7 of the present

| gvept hep %&Eﬁ& gxpesuhectroThbeation ERAmbawr s, ofante
10 Fig. 14Bis a line analysis result for the

sgaBBeng eheeheabnThcregr agboshaen tion16i0§C 4R 500 hours;
EXAMPLE As stated above, a key aspect of the

i nvention sdlider 1aBl g pediides ahalylas aesuflti Eoanthe

15 solder joint strength can be nmaintai ned by
optennihggelhetaddi migaogmepht ShefmadraddINi PRt he

Sn-Cu alloy so as not to deteriorate the all,o £
property of Fifsi $#8nédé atécﬁﬁﬁ&8€ Féﬁ?nrégFﬁgﬁﬁﬁﬁg °

th wt h of d f
B R sk R

| der all d t q |
A A

conpound, as far as possible, at the sol der j oint
i At f ace. According to present inventor's 25

consi derati on, i A 46§ £358 i0fe AnANyAAGTNuIROIfdRT the

alloy, if an Additive anount of N ‘therein is
scanning electron micrograph shown in Fig. 14A.

EXAMPLE

As stated above, a key aspect of the
invention solder alloy resideg in that a sufficient
solder joint strength can be maintained by optimizing
the additive amounts of Ag and Ni in the Sn-Cu alloy so
as not to deteriorate the alloy property of resistance
to impact whereby restraining the growth of compounds
of (Cu, Ni) and Sn formed at a solder joint interface
even in the case where the solder alloy is applied tc a
Ni electrode as well as a Cu electrode, and forming
only the (Cu, Ni}eSns compound, as far as possible, at
the sclder joint interface.

According to present inventor's
consideration, in the case of a Sn-Cu-Ag-Ni solder
alloy, if an additive amount of Ni therein is

excessive, there is a possibility that two layers of
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excessive, there is a possibility that two | ayers of
10 (Cu, Ni) 6Sn5 and (N, Cu)3Sn4 conpounds at the
solder joint interface under a high tenperature
environnment. Wth regard to the above sol der joint
with the two conpound Iayggf, it was confirmed that
there occurred 5 an exfolidtion at the interface

betweer;t E§né awe{ sl &9@&@&&{1&@? a(t!\'it:heOIJgéﬁib‘lr

whereby the solder joint ‘strength was adversely

debehtohateesatBUsngkhe aamuht $enpbraddirtl wevahemmring .
are strictly controlled in the present invention.

Hetehnrbghew thetaewhbbvbe spnavirdedii@ feasorshewityd he
amounts of the additive elenents are limted. Cu: 0.5

t cofipdbniada¥Yehkt hatghasheonElirineq ttéage themee cafcutrired
solder alloy is lowered by addition of Cu, such an 15
effieekfpdistabh whethehénCerdeneebetiveenesdet Hayedss of
mass% | n the case of a Cu el ectrode, for exanple, up

t 6Cabolt ) 0518 mask %Gy iGRsREs Cuherekyr bae @pidervesint
into Sn during soldering, but if the Cu content is not

| 85EePARA B25 REYSYFSLY Petsgfrratent | Fh¥fdeltE 3pgunts
restrai.n deterioration of the solder joint.strengt

RRE AL R R S b A T g s
solder _joint. FEurther, the addition,of 4R Al AMUNteg
R el B S s et R G
ObebB8ns2onfOLAR! RO Sl Qer R WieNiehk el e AR G
tenperaFure IS required to I ncrease resultlng In a
thepARkgdamage

Cu: 0.5 to 0.75 mass¥%

Although the melting temperature of the
solder alloy is lowered by addition of Cu, such an
effect is small when the Cu content is less than 0.5
mass%. In the case of a Cu electrode, for example, up
to about 0.8 mass% Cu in the Cu electrode dissolves
into Sn during soldering, but if the Cu content is not
less than 0.5 mass%, it is sufficient in order to
restrain deterioration of the solder joint strength
since the Cu electrode is less dissclved in such a
solder joint.

Further, the addition of Cu in an amount of
more than 0.75 mass% makes a melting temperature of the
solder alloy to rise whereby the soldering temperature
is required to increase resulting in a thermal damage

in the semiconductor package.

For example, when the Cu amount exceeds 0.75
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in the sem conduct or package. For exanple, when the Cu
anount exceeds 0.75 11 mass% Cu becones surpl us
whereby a coarse Cu-Ni -Sn conpound is fornmed not only
at the solder joint interface but also inside the

sol der resulting in deterlqtatlon of the solder in
ductility 5 The NI content™should satisfy the

gggg "8 B BgBehbgnsW‘r%ﬂuﬁehﬁE'x@ﬁyi a tharGe centenisn

< 100 e Cu content is smaller than
1go§ﬂbunﬁtlsb%%gﬁéa dickf beuht athahet e l@ew, jNiiNESNS
compound solely 10 exists under high tenperature
condikiraps, pandalke (hsideCtn@Swéldenpowshlwiing Bes
al so precipitated. Accordingly, when a sol der-joint
steengtibrhedbn of chedscilleddr dm exfcslilattiyon occurs at
the interface between the conpounds of (Cu, N ).6Sn5
and (N, CuJrBSnaiil&Eontendbyhond dsaddrfyoithe SHldryting
is deteriorated. On the other hand, if the Cu content
gﬁqsleaséonomth gieded Lo & CafBiinCy ARG i n the

i -Sn conpound is , small the grow h of the

Cu-Ni - Sn coond Cai Mo BOO restrained, so that it
is difficult to maintain

20 .
strengt h. Fdrtt ﬁé"re ﬁ:coéltterjfgt st |Sf:ﬁ?a} Sleecr:ojﬁa[ﬁl ed SNl’ ok
C%‘r}:&fﬁ%m B dl Itdq: Q:l | {]Ctgh%hp)rs%ﬁenéoh?éﬁﬁﬂw QBlely

Oge Fher Wi t I'S included in
t%geg g“dé?% (ﬂggﬂ”§%rééégﬁﬂgg“céﬂﬁfﬁﬁdﬂﬁ1(Hn&ltﬁé Gmi ,
mpounds ot t t (Cu, N )6Sn5 conpound,

tQﬁf%§¥4compound will bes also precipitated.
Accordingly, when a solder-joint strength test is
conducted, an exfoliation occurs at the interface
between the compounds of {Cu, Ni)eSns and (Ni, Cu) 38,
whereby the solder-joint strength is deteriorated. On
the other hand, if the Cu content exceeds 100Ni, since
the amount rate of Ni in the Cu-Ni-Sn compound 1s
small, the growth of the Cu-Ni-Sn compound can not be
restrained, so that it is difficult to maintain the
solder-joint strength.

Further, since the strictly-controlled Ni
content in the solder alloy of the present invention
forms a compound together with Sn, Ni is included in
the Cu-Ni-8n compound t¢o prevent formation of Cu-Ni-Sn
compounds other than the (Cu, Ni)eSns compound, thereby
making it possible to restrain deterioration of
strength.

Preferably Ni is added in an amount of 0.01



making it possible to restrain deterioration of
strength. Preferably Ni is added in an anount of 0.01
12 to 0.04 mass% Ag: 0.1 to 1.5 mass% Wile it is
possible to lower a nelting tenperature of the all oy,
and broaden the zone of 5 coexistent solid and |iquid
phases of the alloy by addi4 i ve Ag, if the additive

agDuEtogfmég bS less than 0.1 mass, such effects are
ha?d y expec?éble. Al t hough those effects are

obt ai nabl e whenythe Ag, gopkest is not less than 0.1
mass% if t Ag content 10 exceeds 1.5 nmass% Ag

forms an inggrnet akl kg peEROUNd tw LbwSk Bnmeheisegl der
all oy whereby causing it to be harder to deteriorate

| temgeeRtLFBaGE £BSi alange apropevhyenantiecaosiengfi t
to have a chem cal conposition close to a Sn-Ag-Cu

5 tepBaiytedteebilddcanmdodiitiudd phaksst dt tiige addpy &Y
coexi stent solid and liquid phases of the alloy is
r eddéedveAagr, efidr sble adgiconeemmougtoof Ag L5 lggssfphar
according to which it is possible to broaden_the zone
ob . domrisstensushl ied fard sl PFE B3FREYeS*FRATRE S0l der 20
all oy without deterioration thereof in ductilit
WheCBIRyaET FBEEiey €15y ST GGk AP Ce WL T G t he
alloy. Further, when the allqy_i s honded .t N

i ’ : 3 ontent

eFOBEEFTe 15 & texX & &hag F?l'ﬁhlwse"f’f ec t\ﬁ%i %E:J _

10 ' ee?ctcreaeldgs lg. rSO\pnIahs sfo, ?%gofol\rllﬁssgnc %’H{%t‘%ﬂ ltlh;e d&mpound
with Sn in the solder alloy whereby causing it to be
harder to deteriorate its drop impact resistance
property, and causing it to have a chemical compositicn
close to a Sn-Ag-Cu ternary eutectic composition so

15 that the zone of coexistent solid and liquid phases of
the alloy is reduced.

A preferable Ag content is 0.3 to 1.2 mass%
according to which it is possible to broaden the zone
of coexistent solid and liquid phases of the solder

20 alloy without deterioration thereof in ductility
whereby effectively improving a surface texture of the
alloy. Further, when the alloy is bkonded to an Ni
electrode, for example, a pinning effect which
restrains growth of a Cu-Ni-Sn compound con the Ni

25 electrode is effectively exhibited whereby restraining
deterioration of bonding strength under a high

temperature.

Furthermore, since Ag forms an intermetallic
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25 electrode is effectively exhibited whereby
restraining deterioration of bonding strength under a
high tenperature. Furthernore, since Ag forns an
internetallic 13 conpound with Sn, nore specifically,
Ag3Sn, which exists in solder in a dispersed manner,
when the Cu-Ni -Sn conpound‘groms, Ag exhibits a

PLBR f a i 0 f i
e e R

t Qn ¥ahhews ihypesisbedkkay maheett, odeen thies dus Mecalise
when it is bonded to various types of alloy

eterpbadas groewen Agf ekhe b@tisNia- B nedapoeideics ecpesedo
to a high tenperature, Ag forns a conpound with Sn to
edbilbiyt tael@rpiwthi og ehiecompieereby enabl ing reduction
of deterioration of bonding strength under such a
high t enpefaeuiavent itie sodderwidren §és Hid&oraacoy©
is bonded to a Cu electrode, it is possible %%
nHRHLGUE CHPeE5 BoRdilRy StESHFNSFecadde St ¢ BFcause
el ectrode is_eraoded only little by virt of not .les
UHERTO6 HESBEnEES ConUATIEHs YRS &1 dar Al 150y TR s
t he cas ere, the solder all s Db to _a N
cFaErT Sae g St eve e e R o« Hlen
obt ai nabl e, whil e tal er Gh s A Rdy i
. L a

b emﬁF&@F&% ’oﬁgtﬁgrﬁ% %Ié%%%bé%§#n some cases in
OLdgh it draldiAih sl Zain & Mauharssbod mproving
méi%%ﬁi%ify of sol erﬁy &

deterioration of bonding strength under such a high

temperature.

Tn the cage where the solder alloy is bonded
to a Cu electrode, it is possible to maintain the
bonding strength because the Cu electrode is eroded
only little by virtue of not less than 0.5 mass% Cu
contained in the solder alloy.

In the case where the solder alloy is Dbonded
to a Ni electrode, the same effect as the above is
obtainable, while a metal layer such as Au or Pd may be
provided on the Ni electrode in some cases in order to
restrain oxidization of Ni whereby improving
wettability of solder.

Example

Ag and Ni were added into Sn-Cu alloys to
cbtain some specimen solder alloys, whereafter solder
balls each having a diameter of 0.3 mm were prepared.

There are shown chemical compositions of specimen
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Exanple 25 Ag and Ni were added into Sn-Cu alloys to
obtai n sone speci nen sol der alloys, whereafter sol der
bal | s each having a diameter of 0.3 mm were prepared.
There are shown chemi cal conpositions of specinmen 14
sol der alloys in Table 1. T{w sol der balls were
prepared by a uniformdroplet spray nethod. In the
“E'Pfl%‘in Q'i%#gt i$PHa%1EeYhod rreach 1efe ! R 13Q) defre
all"oys™ was ted in a cruci ble whereafter nolten

S S i bead drpmethes imdlteiddan f anmtfrene
bghggarw\% g?a?i glﬁﬁ\%as appl i ed toptrrﬁgfcrml ten sol der

duhi R rmdicsepake RprinomMeti® G keidl f nher derldeyr fedrimys
the discharged nolten netal to be fine balls having a
URsko @ veldume, & torius idiee drtichata fitre 1t e ft@mriawg ey was
met hod, the cooling rate when di schargi ng was about
100Eksecord. fASN tAp Qrusddde $ol derrmoff ioshpdlds ve
Specinmen 1 was prepared in order to conpare specinens
witiborartd om tecuaraddiad Ve NinsinH t6ie %Med’er‘fu%ng

sol der alloy disclosed in JP-A-2003-2 OQgtO \{%S e
pICFahed IiTs £ Coridlr AW Baangt €51 50 TR P

Commsratiord Bsdime s 3 9.7 L St ahy 2

S%enciifréerrgn 2vo]1'1112me0.' 5 ﬂ 0155 I%laéteé'%hat in the forming
method, the cooling rate when discharging was about
100°C/second. A Sn-Ag-Cu-based solder of Comparative
Specimen 1 was prepared in order to compare specimens
with and without additive Ni with one another. A

solder alloy disclosed in JP-A-2003-230980 was prepared

as Comparative Example 2.
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I nvention Specimen 1 1.2 0.5 0.025 .13 Invention
specinen 2 1.2 0.5 0.04 Invention specinen 3 0.3 0.7
0.05 Invention Specinmen 4 1.2 0.7 0.035 Invention
specinmen 5 1.2 0.7 0.05 Invention specinen 6 1.0B 0.7
0.02 Invention Specinmen 7 04 0.7 0.01 Sol der bunps
were fornmed on el ectrodes each provided with

el ectrolytic Ni/Au platipgy,gbeieinafter, the

el ectrodes will be referred—ro—as the "Ni 5

|l aect radec™ )

-k o ~f 1 } T
HeEH0GES—)— Wt R—tuS€e 01 sol Lﬁ{ Reé_ib &%é RAVENY a
di ameter of 0.3 mm chem cal cgﬁposhg;ga§ of which pre
shown in Table 1, in order—toevatuat re||aD|||ty HfFu/ N

sol der joints. The Ni el pcthdes F&d 4 di%ket ér oF

D—25—mm—Sot ut:‘lillg was carriedjout by 'heati ng B%. 10
>p§9WDQWﬁ$Mn§ o2t 4 n| ofder |t o®elaluat € as-

deterioratiom betraviors pnder 4 high tle e(g%t bre,, 10
hegompryaidtied SEpEETHRITS Aeﬁezalsoop?epar K€epi hg
hose—at a tenperature of _150C gr 5 Ocp%ggs dert oo
sol derepgion PRECERER Yrepared gpedifrens WEré su |ected
o an 15 jnspection of cfo0SsS sectbogal t Bal. | 12.5
str&éVﬁF%““i@peFégﬁﬁc%lVPI§ order to deternine fhe
thicknesses of ~the conpounds. [Thg inspegt)on oda; . 14
(ro§§v§85i?bﬁgpcﬁﬁ?ﬁlg ruc?ure &az carried qui with
UtiTizatjon Q ni g ni,c M Crascapgal . 20
S- §§68Rf‘b?rbd{? C&“‘%y HI T& g.) The thidkness lof
¢a [ co n wag_Qeter@ieed by eal cukat i on 14

f drvarbio SR et

Invention Specimen 6 1.08 0.7 0.02 Bal. 35
Invention Specimen 7 1.04 0.7 0.01 | Bal. 70

Solder bumps were formed on electrodes each
provided with electrolytic Ni/Au plating {hereinafter,
the electrodes will be referred to as the "Ni
electrodes") with use of solder balls each having a
diameter of 0.3 mm, chemical compositions of which are
shown in Table 1, in order to evaluate reliability of
solder joints. The Ni electrodes had a diameter of
0.25 mm. Soldering was carried out by heating the
specimens up to 240°C. In order to evaluate
deterioration behaviors under a high temperature, heat-
treated specimens were also prepared by keeping these
at a temperature of 150°C for 500 hours after soldering.
The thus prepared specimens were subjected to an

inspection of cross sectional metal structure,



10

1t

20

25

conpound at an interface of bonding observed in a
phot ogr aph of a cross-sectional mcrostructure, and
further calculation of a thickness of the conpound per
10 unit length of the interface of bonding. A test
result of these is shown in.table 2. Cross-sectional
metal structures of Invention Specinens 1 and 3-7,

a?gs gQEE@EQ V€ 1SReGke R o2 JRke rileeN the fihg ckhels®e, of
1 aﬁ 12 espectively. 15 Next, the conpositions of

t R CORRPUNGSISWEr &hel RYRPleicgdiced dfy creans sefcdioml metal
anal ysis. Line analysis was perforned wth

Ukich-iuzatiren walfe @achdkdcioarti stiith Xt ildyadliemett a

anal yzer (EMAX- 7000 manufactured by Horiba, Ltd.).
FisgannBAg 6BectAoniB, nEArcBEOSA, (S9B 5000 PrIgRICez) bY
13A, 13B, 14A and 14B show the |line analysis results

oH I TIOWaENLiteh ) Spehee A itkrgs 4 ofn @B akd mpdt AqHReund
Speci nen 2 as representative exanples. In Invention

Speci Mersrhiaed Py Saldation 9f §O BR2 68 and

B R B € R TR0 3 0PI R e Abdint

¢ i) o e R NP TR B R T et e 1 o
ST e 5oL 0 1 E1] S0P SRR e ciflina e
i S bR o o Tect ¥ oo the N
el ect rp%iee Sir?é schohsefyitybider 5 consent satt donaatmetat

t he compound at the
structures of Invention Specimens 1 and 3-7, and
Comparative Specimen 2 are shown in Fig. 1 to 5, 11 and
12, respectively.

Next, the compositions of the compounds were
investigated by means of line analysis. Line analysis
was performed with utilization of a characteristic X-
ray element analyzer (EMAX-7000 manufactured by Horiba,
Ltd.). Figs. 6A, 6B, 7A, 7B, 8A, 8B, 9A, 9B, 10A, 10B,
13A, 13B, 14A and 14B show the line analysis results of
Invention Specimens 1, 3, 4 and 5 and Comparative
Specimen 2 as representative examples.

In Invention Specimens 1 and 3, as shown in
Figs. 6A, 6B, 7A and 7B, there exist no areas of high
Sn concentration directly above the Ni electrode.

Thus, taking account of the result of observation of

the concentration ratio of the Cu-Ni-Sn compound at the

fracture face after the test, the interface compound
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fracture face in Conparative Specinmen 2, the interface
conpound exhibits a two-layer structure of (Cu,

Ni)6Sn5 and (N, Cu) 3Sn4, and the thickness of the
(Ni, Cu)3Sn4 conpound can be presuned to 1.2 m 10 As
can be seen from Table 2 a Figs. 1, 2, 6 and 7, in
Inventi on Speci nens 1 and the gromh of the

oypd t Eal d@éAgIl g§nN, and the (Cu,
S%% (E%@n%gﬁlﬁg ftg ?%rms antgheyot her hand, as can
be seen frOﬁhTQQRQa%a%ﬁ@eFB®%Cl&e@ﬂ@ 1@,s ishown in Figs.
Conparative 15 Specinen 2, the (Cu, N) 6Sn5 and (N,
Cupa3Snd QOBROtMESe worietl amead afd Hikh ConMEouUmEntration
thickness is larger as conpared with those of

| Ay ertitay Speventhe NiamdeZtrigle.TaBlle® ohsagkiiess e
conmpound Chemical ( m) Gowth conposition of after

t kicckeessatompomad iat cfn thef ay-Niedn fPMPand mtertifce
after soldering at 150C heating at 150C_for 500h fo
5ETactCorpdeate Ve Compars tive %@ﬁ%“}%‘s 5 cli T LA
Conparative (Cu, N)6SNn5, _Specine

( NETEP1Esh £XNiRidH ifok P 52755 ftsﬂ’(fcﬁ}nﬁ )%é é?“' N1)sSns

S%%% W%H,1Cu)38n4, and the thickness of the (Ni, Cu);Sn

compound can be presumed to 1.2 um.

As can be seen from Table 2 and Figs. 1, 2, 6
and 7, in Invention Specimens 1 and 3, the growth of
the compound was restrained by Ag and Ni, and the (Cu,
Ni)¢Sns compound is formed. On the other hand, as can
pe seen from Table 2 and Figs. 5 and 10, in Comparative
Specimen 2, the (Cu, Ni)¢Sns and (Ni, Cu)iSng compounds
were Formed and the compound thickness is larger as

compared with those of Invention Specimens 1 and 3.
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m cro shot test, ragh o by
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Speci

nmen
men
nmen
men
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sol der

OO WN

7 As one
joints, a

dul um havi ng a wei ght

I P + + i1 H + 1 L
> STHEHE L.t FERE GO a Solaer DUAf@lcadl
speed of 1 ngsecoﬁﬁ%Hw@s ggnduc1ed 5 with ukbhb&ﬂkhgﬂ of
of a smal |l Charpy inpact tester|i $o8Fler| t @opgt@idThBean
Fhe probabi |i t yspf, ocCupLgpag of "BIH1%&Et lur envdrtaBe after
“nterface of| dNQeSOhfEr af Oiddbe Such ™ heas|uremente was 150°C
,onQthed fa .25 sol dershungpsn Further, as anotdersooh
ﬁ%ﬁﬁg&&ﬁNg aluating J0 reftability of solder joints
A qudckmtest,| i nwhichla 2of der | bunp ras gripﬁ%ﬁﬁﬁﬁﬁkk
Subagatientby pulled af a sgeed of Qp N1 s e c ottt NpBS s,
:Qﬁﬁ%fheﬂ M dtPlizatiod " of @ pufl” tester iWighde$n
0 1ged el irhne robabi | Lt -
Specimen 1 B Lty .5 (Cu,Ni)¢Sns
Invention .
Specimen 2 .B 3.2 .6 (CU,Nl)asn5
Invention ]
Specimen 3 .6 2.9 .3 (Cu,Ni)eSns
Invention .
Specimen 4 .4 3.0 .6 {Cu,Ni)¢Sns
Invention :
Specimen 5 .6 3.1 .5 (Cu,Ni)gSns
Invention :
specimen 6 .7 3.4 .7 (Cu,Ni)eSns
Invention .
Specimen 7 .6 3.6 .0 (Cu,Nl)(,Sn5 J

As one method of evaluating reliability of

solder joints, a micro shot test, in which a pendulum

having a weight of 20g was made to strike against a

solder bump at a speed of 1 m/second, was conducted

with utilization of a small Charpy impact tester in

order to determine the probability of occurrence of a

fracture at an interface of the solder joint.

Such

measurement was conducted for 25 solder bumps.

Further, as another method of evaluating

reliability of solder joints, a pull test, in which a

solder bump was gripped and subsequently pulled at a

speed cf 300 um/second, was conducted with utilization

of a pull tester in order to determine the probability
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19 of occurrence of a fracture at an interface of the
sol der joint. Such nmeasurenent was conducted for 50
sol der bunps. Table 3 shows the neasurenent results of
the interfacial fracture probabilities in the inpact 5
test and the pull test. Ta 3 Probability of
Probability of interfacial tTracture interfacia

;??gb%g:grr@%%r oF 6F ¢, 3Releeslk Al 8hRMHadLYr (ke 3)

r after after heating at after heating at
sabdaeirngoip®C f @l ct0hdacui@nb2RCub@r copit t2l0For 50
Conparative 32 100 4 64 Specinen 1 Conparative 80 96
2560 degpBaiien 2 Thbienti ehols &he2 mbAsuSpeeinerebults of
I nvention 25 90 4 40 Specimen 2 Invention 10 75 2 12
Speei fened fhavent ifarcd@ude pri®abSiddiimen if Itheenmpart
15 90 4 30

test and the pull test.

Table 3
Probability of Probability of
interfacial fracture interfacial fracture
after micro shot test after pull test
{%) (%)
after after
after heating at after heating at
soldering 150°C for soldering 150°C for
500h S00h
Comparatlve 32 100 4 64
Specimen 1
Compgratlve 80 06 5 56
Specimen 2
Inveptlon 16 a3 5 172
Specimen 1
Inveptlon 55 90 4 40
Specimen 2
Inveptlon 10 95 5 12
Specimen 3
Inveptlon 8 80 5 10
Specimen 4
Inveptlon 15 90 4 10
Specimen 5
Inveptlon 30 90 4 60
Specimen 6
Inveptlon 50 100 8 60
Specimen 7

As can be seen from Table 3, Invention
Specimens 1 to 7 exhibit, respectively, a relatively
low interfacial fracture probability in both the micro
shot test and the pull test. In the pull test, the
interfacial fracture probabilities of Invention

Specimens 1 to 7 were able to be reduced to around less
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Specimen 5 Invention 30 90 4 60 Specinmen 6 Invention
50 100 8 60 Specinen 7 As can be seen from Tabl e 3,
Invention Specinmens 1 to 7 exhibit, respectively, a
relatively lowinterfacial fracture probability in
both the mcro shot test qg? the pull test. In the
pull test, the 10 interfaci fracture probabilities

Of;hgﬂvgagi g@ens%seiem%p%gea Zever ¢ :ab & i thaduesd

t o aroun ess than 1 even aftér expOsed at a

hi gRo&epper ab 8 8ot . 1586pE05a 000 heunsrefspactal |y

Wwth regard to Invention Specinens 1 and 3, it was
copfthiBdnt kb amehisgh meld abi liitt wassuemfdsmanl that a
interfacial fracture 5 probability of around |0a after
t hegpubk1tiastiliesn kechobisaiamedntlerfiasikdl ifewedt urrat
this will be by virtue of restraining of growth of

t pecBabliliSy odnpouwnchdbyi0%aditey prepauldntiffts RAPe
and Ni. On the other hand, Conparative Specinmen 2 10
exhithiieda hilgh lisnteslfigoiesl thedettivie priddakhia iRy Hretre
the pull test. This means that the_joint strength
detferestapeaing &fr GnRy o of &I S BhdEht ff%rsPY
anal ysis at a fracture surface i npar ati ve Speci nmen
150G raPer GBS &5 diY $$§S’ondi ng to (Ni,

Qu) 3Snd. Reyj ewing Jable 3ind ! dmSAfarBdidaind e,
exhibits a high interfacial fracture probability after
the pull test. This means that the joint strength is
deteriorated.

According to a result of concentration
analysis at a fracture surface in Comparative Specimen
2, it had a concentration corresponding to (Ni, Cu):Sng.

Reviewing Table 3, it is conformed that the
specimens having a low Cu/Ni ratio of 20, in
particular, the specimens having a low Ni amount
exhibit a low interfacial fracture probability after

the pull test and thus provide a high reliability.

INDUSTRIAL APPLICABILITY

The invention solder alloy is suitably used

for soldering of electrical parts, etc.



speci mens having a low Cu/Ni ratio of 20, in
particul ar, the specinens having a |l ow N anount
exhibit a lowinterfacial fracture probability after
20 the pull test and thus provide a high reliability.

| NDUSTRI AL APPLI CABI LI TY The, i nvention solder alloy is
suitably used for solderi of electrical parts, etc.
21 CLAIM5 1. A solder aldoyrgonsisting of, by mass,
0.1to 1.5%Ag; 0.5to 0.75% Cu; N in an anount
satisfying hhecqadat RN oY cohdiBtingCWNl by mb@E, and
t he bal ance of Sn and unavoi dable inpurities. 2. The
sol der alloy.aceerdisg ng.claim1l, wherein the solder
alloy contains, by mass, 0.3 to 1.2% Ag. 3. The

sol der all op.aceer @di.ngst auglaim 1l or 2, wherein the
sol der alloy contains, by nmass, 0.01 to 0.04% N . 4.
A sol der baNi fior eed afnoomtt se tssifgemaaltihey eamiatden wdd
inclaiml or 3 by spheroidizing. 5. A solder joint
wher & & €héNdokdéPOal hof as defined in claim1 or 3

is bonded to a Ni _el ectrode. , . o
the balance of Sn and unavoidable impurities.

2. The solder alloy according to claim 1,
wherein the solder alloy contains, by mass, 0.3 to 1.2%
Ag.

3. The solder alloy according to claim 1 or 2,
wherein the solder alloy contains, by mass, 0.01 to
0.04% Ni.

4. A solder ball formed from the solder alloy as
defined in claim 1 or 3 by spheroidizing.

5. A solder joint wherein the solder alloy as

defined in claim 1 or 3 is bonded to a Ni electrode.



