; MNe3eDA<X6. T- 11 .01 M AY 2003 NI CKEL ALLOY FI LM5 FOR REDUCED | NTERMETALLI C
FCRN%TICN I N SOLDER FI ELD OF THE I NVENTION This invention relates to a
met hod for mnimzing the formation of internetallic conpounds in sol der
joints used in making electrical interconnections in electronic packagi ng
of sem conductor devices BACKGROUND OF THE I NVENTION In electronic
packagi ng there is an industry-w de problem cau t endency of
sol der joints to forminternetal lic corpound Qrfﬁﬂfﬁyzﬂmgk | ayer
typically used to cover the pads to which the sol der adheres Internetal lic
conpounds  ar enpek b AL IEY ¢ RISS GIAEDR/ TS ouTEiesEafA LTI C regivaaksoRNd al so
serve as paths for crack propagation that lead to the premature failure a
of solder interconnections This is ﬁqggig s reliability issye that limts
the growth of the energing BGA (Bal rray) and CSP (Ch|Q£§caIe

Packagi ng) technol which are currently considered t o the
continued g mmmm ﬁ“ﬁ“@ﬂ“sem conductor industry. For thi S@W Ewmmﬁ” Jﬁm
reducti on of iC gromﬂh |n solder RPIntS is th

Falgp 8

substantial R&Defoferts The ciHildhra Ninimze internetallic
growh is to place limtations on the degree of thermal exposure of the
sol der points These limtations are often found to be inadequate, as

aggr essi ve t hermnmh inemu)rn&bl@ms tsughthad farmubinezisepihd &rmaedd ofwneroaeelis cannot
be avoided In a ty gﬁa sol der point the sqlder material west two pads to

make the FAPEREEAHLE rplrtaagedarear%r@airr ItgrepeetedIs fIhele KON rcul t | ayout
of eltherp&&9§§g%@5 L& or dQtceM AY 2003 circuit boards In the case of the
chi ps the net used in the circuitry is alumnum while in the case of
PCBs it is copper New chip netallization technol ogi es are now repl aci ng
alum numw th copper A solder-wetting |ayer nust cover the surface of the
pad. Upon nelting) the solder adheres to this |ayer and fornms a strong
bond, which is necessary to gehi@yeobNghoF el e yIoBl nce sol der does not
adhere to alum num and copper oxidizes easily, the pads require a a

sol der-wetting layer that wll insure reliable sol der bonds. There are a
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el ect r oni gsldemidusd foyfpirh smh\e{@ﬁlc c@mysemrerd vihtthe @ckehiaperl tayiedlyakedgwl dveol d over
copper cannot be used because copper drffuses eag%l y through gold and for
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with a layer of gol covering the nickel N ckel”has a strong tendency to
fornrrntenmenahkﬁmhoenﬁaumm$ﬂmmbmwmumsThemreaﬁnmgrsb%dermmaﬁeﬁnmmgthsed in

"ot 1 ow opdrat o Poturhed EbmRALEr B4 60 el Gl (b e T et e Tn' Figure

1B), the pé@ﬁr@ﬁ)ﬁgle‘é@ﬂ%'eﬁe Eurrermrysomde&ralwed»rmrrd rmecamlnmedn gsRhHer al most

instantly The gold is sonmetines referied to as the ' sacrrfrcral nobl e net al
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Formation of a thin Intel netallic | gs g referabl | ess thag | m.cron
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However, a;tHnt Rahe | E(ﬂ@@rqu \)fbcgs}%'eﬁrlﬁﬁ?ﬁ&r\mr om ses the reliability of the

sol der pornts especially when relatively small volunmes of sol der are used

such as in fI|phwthdedmlGAHappﬂmb@tm@WsMhﬂmémOnEﬁahhndwghomﬂh requires

srgnlfrcant rneta ic |layer to

oot ana reueroes i Pl e Agiet PORHE Pab P e Bopest el e Sae g

t hi ckness of the internetallic |layer increases, |ts rate of growth

di m ni shes as a parabolic function of time, clue to the increase in the.

| ength of the path through which the atons mnust 01 M AY 2003 - 3 diffuse.

However, this decrease in growth rate occurs after the internetallic is

relatively thick (several mcrons). The conventional approach to limting

gromh of the internetallic layer is tolimt the



t hermal exposure.of the solder joint. This is not practical in nost
appl[chtions since the solder has to undergo nultiple refl ow operations and
thermal cycling due to power dissipation on the chip. In addition, the
present inventors have observed that the use of pure netals to make cont act
wi th the sol der does not provide an effective gnvir h to reduce
internetallic formation. Internetallic fornati n1 MEW?Q arowth are known
to be governed by diffiision of nickel atoms form ng the intennetallics. It
i s general ] t i i : = t : i:al and
that 1t progis gty AT RS Eo T et be rR R P PRt MR AR A BRI T
sol der. Ashaoisedf@b®ga,is coppes Hewichiplhataliatibotenhmfogdiestaes net adplacmgl ayer | ess

than 1 micron thick. Accordinly, it is desirable to forman effective

G 11 usi on BARPEBHLEOTEG Kb PO Aot B ST SR Bl SEHEeSAw . Upon' ©

i nt er net al 111&1&n§ﬁ9é"§d?der%9hér&*ﬂ3 1R YerPank b il ak @R EBE R, WhEehli@YREsshi§ thor ni ed.
SL71VI MARY OF THE | NVENTI ON The present invention addresses the

above- descachisee higbeeiabidity aSinedobleddedyinokathes th pluernen, ahd ceppeayadizehen a

solder joint.to a pad is formed. Accordi t.o.an as t of the ipyvention, a
sol der | of At ERa Fea g @ SpG eline [ vt bbb lecr e eyl Ahyie

com ect ed 4@ a&nRRH nuliBéSors@higtvith Odifable Shd bisdfeRt Jonek WdamedrbiY®ds afheni ckel
di sposed on the pad and an all oy |ayer overlélng t he nickel layer. The

al | oy | ayenost conyon raetdl, MEY aROGB uiliMeballd ésthaicleRiepniesiadusiy.ab hisysl sgvestenent

selected fromthe,qgro nsi.sti ng of | d al I,adi um and pl i num., The
Stntoture rap IR IECRORANOLR b idoRherd@hfly bR asARLATE Blo P Bl ity T e

al | oy | ayethrougheolddnariomisdnl dxidd layeer Abduetugly ngconivakishal chiser abd, @lbwg el enent
and tin, the internmetallic layer is formed by the solder wetting the all oy
| ayer. Theligpicdys pagstbsialy Ihbasolrrss @f Bigkddhoxsn thycappeanadr ! Cofvithiad®er oand a

| ayer of t@ﬁd@b%ﬁ&%ﬂ 16 §o|At . According to an additional aspect of the
invention,”a solder joint structure is provided which includes an all oy

| ayer di sposed Wrktlihes pado@mnedndamcy it fennettaiveiadiclcaygpuigstwidam tTe lsehider and
the alloy |ayer, The alloy |ayer may be deposit.e n the pad pl.ating.
The all oy 1 ’@H%@“ﬁTER%Vyﬁﬁaegﬁnﬁﬁﬂ%ﬁf 'CgVﬁﬂﬂﬂp/§@1@8§@ m??%%f@ﬁéggroup
consi sti ngyef @Al BperRdd @b aRcheRi@tdrbRk: bhe (dsRhem et @lk i1 8), gy er

i ncl udes ni ckel, the alloylng element and tin, and is forned by the sol der
.vetting thetahbogolddymns digobist di thg mobenpdddiaimagsweenthof Thermeld isvent i on, a
met hod of fornlin .sol der,joint:t S i i of

ni ckel is %¥g$wlégd§Ha?kgwﬁg%Sﬁﬁgk%gggggﬁlm?aggpﬁ%¥ggﬁ%géwgmaiéékg%gérIays
the first Laydo. thiheofebniwt filhayelloand thdg| s eiendioh ayiesolasrel Sanaealesd to form
an alloy layer including nickel and the noble netal between the first |ayer
and the setBiY et Wit swelh iy Fallernd ©IHOR Eanthel dd e HIQAKS) t en
sol der i nchydings bbRwih DL EIRRYp&RYDE NILRE RRPLSwIB Al bRl SSpjve in the

sol der and the solder to subsequently wet the alloy layer, to forni an

i nt er net al hitg nletafler layandpratiirabdy lnisckel | midnen thakb) easrbeemfouant bd recémimveen t he
al | oy Iayer]and t he solger. ﬁcgg{giqg %ola further aﬁpect of the invention,
a net hod of PO R S SSBFdeS] TS & "HM5atTeadp BUTRIER comme B s

cl eaned Wi tdha6l82HN (NG s rYsih@NEpaidiytiRA rafalyl ol halifles bBsdilephRdiseq t he
pad, the alloy including nickel and an alloying el enent selected fromthe
group consistyasgn 8fp gat td Batlaadiahesnd pl ati num A | ayer of gold is plated
on the alloy layer to form a nickel-all SHR r n the pad. The
o cil - ai | oy gor deat B be R LBER iRy PhUH RS BB el 86 ng
tin, therehycoausingyirhe ngel chdti@adivesalnve (o hhesoldéic drgotiie solhder to
subsequently wet the alloy layer, to forth an intennetallic |layer including
ni ckel, gollchkiras of the Buersen ctimeer J1cTeases| Hyare cdseP RS raaprsras a pagholg AY 7003
BRI JF DLS%‘CBEL QIN(,QE‘ JLICQO%W[IEI% i the length of the path through which the atoms must



Figur a 1 Ais a schematic illustration of a pad nth a conventi onal

Cu-N -Au structure Figure 1 B shows the pad of Figure 1 Awth a solder
.Joint formed after a solder reflow process, aﬁd]ghbﬂsggages schematical ly
the formation of a thick internetallic |ayer.VF Shows a pad
structure having |layers of nickel, a ni-éRel all oy fornmed by annealing, and
gol d over copper, in accordance with the preferred enbodi nent of the

| nvent i ondiffuspur Ho®Bvér, tusteatss isgrewtt fateabdopraaftaatht iivterbetaticels refafiedty,

| eadi ng &ﬁ.%Qe formation of a thin intermetallic layer, in a solder reflow
process WK GHEANPEHOMYr e of Figure 2A is used Figure 3A shows a pad
stricture havifyg &nibsihl &%Jp'r&a\éh |t@M§ﬁtir@ﬁ”%¥oﬁvt}9&ﬂ tfle bi¥@det {106 TRAr RMo 1iRA: GePPer
pad by plating, in accordance with an alternative enbodi ment of the

t nvent t orth&inguireap@Bre hdve faddargvindn This & ndiipradtiecalemmewostl dppdichtagnesrsinge the

sol der refl pw process. when the structure of Figure 3A.rs used,DETAI LED
PRSCR PTIRCAO . PR EREE. Bt Tk FRCra D8 (e Y Do YRy POver
conduct edjigdip@io8SnIhOMiipg that annealing (which also may be characterized
as aging or heat treatnment) of the Cu-N -Au netallurgy pnor to sol dering
signi ficantly Inedddms, theeresshieinmettars hage pbyemmeedi that thates of pureheetplsitmimake
~~~here at 1000X.nragnrficgation it ..s bar.ely detectab after .a 10 cond
so der _a g o5 SRt FRen SRS a8 el PRRER ! B Rhgf ismdbE s
rate W rrghnatford apeneealicaBrhfmpanatiidretowicthré kh&\en f B ebvinddesl, emperdhment
of the invention is shown in Figure 2A Before annealing, the pad str uctur
a is tireiekphptars fammgthedniennetaliics.| At i geagutly dmnoys| Bal paregydsel as pagped of
ni ckel . ~~ 1.1, r - neal i .

ot ocess calEsNlF e obl R flonlsaF BRRS, (BRE il dn M BAEE LR o

f or mat r orcoafacawiih adkdler. Nhs Astedbb®y, 1t &y ddsirde he tomaemm indyreiet s 1aged 1dssaBarand

ni ckel 21 The thickness of the allog | ayer is | ess than the caonbi ned
ori gi nal TBKIekheds SrcerBlyit indesnabledg dpan aptefiertive diffisiaobader fytnigkelhi n

| ayer 22 ' oy : : ut e - Ao MEPE
| ayer sortgnd il bRRRLRR Rkl O eph RS e L S8 ML o ARG G T
for 3 weeks$oratedl 25 C resulted in formation of an alloy |ayer as shown in

Ftgure 2A Furthernore, based on known diffusion characteristics,

SUMMARY OF THE INVENTION

The present invention addresses the above-described need for a reduced-thickness
intermetallic layer when a solder joint to a pad is formed.

According to an aspect of the invention, a solder joint structure is provided, in which
solder including tin is connected to a pad. This solder joint structure includes a layer of

nickel disposed on the pad and an alloy layer overlying the nickel layer. The alloy layer



it wll be appreciated that the follow ng sets of annealing conditions are
edui val ent: |25C3 4veeks225C2 days275C16 hour s325C5 hours37SC2 Fours
Accordingly) a structure as shown 111 Figure 2A can be realized using a

2- hour annealing process at 375 C In the sol der emf;%q[ga ocess, the gold
Iayer 22 di ssolves mthe solder 25, thus4all OWI er to wet tl7e
ni ckel alloy layer 23 In~noediately thereafter, the nickel alloy reacts

le th t | 4 1 : | i ol l
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| ayer 24 "1'hrs is cult by the presence of the alloyn~; el enent
(rn this csalsd@r a@%m)alm l%m thﬁﬂré?mqt%llw tayerrpelydpieaplsl ths@élowaﬁékn@%énd

ot al 11 o b BRRERYLE koot B okick S HITEOTolcE, THE 2B} Frer
than | 11GiboforAsd hphmetatibhguéayet bf sicked addes hael of the atibyiag Blemenitlong sol der

bond to the pad Altqer nativelé{_ a ni ckel loy I .%é)ld S rrClrr a 1111v
be obt ai ned by icat4hg Bt R 1&8%&8!)5%05 e Trpventjan, 43 Fology Jaing; YRGS I$ oy
| ayer 31 i v o] i

conventi orﬁ ?\Hh?&asﬁl ﬁgl ﬁn%%]{]dggsaﬁPQRg{/ ag%g dltjsg()ééaa({)}?ﬁlbe R&cﬁgiﬂééﬁ %Q%etalhc tayer
pr epar ed \fmetvheetml thansbligr sod tid iy bger nEhe ellgotadeadiagé:eodtpomtetdhm ﬂieamzeldby

| ayer The nexts to plate the nickel oy | ayer
et o iliting, SR ATyt el SO AN B B ee) B sdleted g fe amoyn,

protect t Q%nﬁkﬂrffaﬁﬁ g@fd tlﬁﬁadﬂhﬁlkﬁllld 3l tiA¥m! Qb(ce intSdnetfe Qﬁfécrei%l%gesah{cﬁm ttﬁ’e be
used in layer 3T i's™nic¢Kel-gold Since gofd has an atom<c size that 1S close
to that ofallayinkelement pictinraadas fdyoeh bg tersetdes wetmestha aday faglersol ution with a
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intermetallic | ayer 34 between the solder and the alloy layer V,rhile the
i nvent i on REsnGHBEMollsdastrbiedissalve & the seldes prebiheiseldshioobsasely wet the alloy
evi dent i t i
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formed by n yer I con | ay
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t he annealihod@gdihg nieRelf goldeeld ain batw@ﬁpﬁaf@lmyrleydmhdgrees@u@r than 375C.



4. A solder joint structure according to claiml, wherein the alloy |ayer
i's wet by the solder in a solder reflow process, 5. A solder joint
structure in Evhich solder including tin is connected to a pad, conprising:
an alloy layer disposed on the pad, the alloy including nickel and an

al I oyi ng el enent selected fromthe group c i 8} gol d, pall adi um and
platinum and an internmetallic |ayer bgtwejﬁﬁtﬁtkggzqnﬁ and the all oy

| ayer, the internetallic layer including nickel, the alloying el enent and
tin, the inteinetallic |ayesRInE DESCRIPTEONT THE [BloAWENGSet ting the al |l oy
| ayer. 6, A solder joint stncture according to claim5, wherein the all oy
| ayer is deposited on the pad by plating. 7. A solder joint structure

according to Clﬁ;glﬁpeﬁ’A i\éﬁagagénﬁu&hﬁs@a{tlo%f'az)a@wﬁt%ra&weng&gg%imspl di ng ni ckel

and two el enents”sel ecte romthe group consisting o I pal | adi um and
pl ati num strusture MAY 2003 8. A solder joint stncture according to claimb5,

wherein the allqying elenment c i ses atomc %to0.50 atom c % of the
alloy. 9. A rret]ﬁé‘('fegﬁg ﬁJIBWﬁit?‘?dJaargE%IgHéer“%mthta Sf’@erdo'ﬁéﬁ’,”_“ ‘g'ﬁ%’iaﬁ’ Tthe steps
o provi di ngnawlirs&hs, Ry 8hsiltedchbiRlticA hbfrRaGn daaNiEinRGnRtaeeaRd | ayer of
a noble netal overlying the first layer; annealing the first |layer and the

second | ayer, tHene®A fhomsiangd amucbicaypvihgiagers ohablediamgckel dloglforared biyhe nobl e
nmetal between .the fir | ayer and the,seco | ayer: an ontacting the
second | ayEreineneis 45l euheStnhab ststcien na ettt By BRI he nobl o

netal to dhss@lye in the solder and the sol der to subsequently wet the

alloy layer, to forman internetallic layer including nickel, the noble
metal and tin bepwse® tlhdrasgs sehenaggadly adatrtohsargie) efeet, leading o theterathtion

according 5% t%lmaiin{gngetam?a@gri, th i po?de??&’lo%v ]%EC%L ujhgn e lst?&ctn?rg off%%mé f'ﬁ s

used .

Figure 3A shows a pad structure having a nickel alloy layer and a gold layer formed
on the copper pad by plating, in accordance with an alternative embodiment of the
ivention

Figure 3B shows formation of a thin intermetallic layer in a solder reflow process

when the structure of Figure 3A (s used

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors have conducted studies showing that annealing (which also
may be charactenized as aging or heat treatment) of the Cu-Ni-Au metallurgy prior to
soldering significantly reduces the intermetallic formation rate, to the point where at 1000X
magnification it 1s barely detectable after a 10 second solder dip  This suggests that during
aging a nickel-gold alloy forms at a rate which 1s dependent on temperature and time

A preferred embodiment of the invention s shown in Figure 2A  Before annealing,

the pad structure 1s the same as m Figure TA, with a layer of gold 12 over a layer of nickel



group consisting of gold, palladiumand platinum 11. A nmethod i
claim9, wherein said annealing step is perfornled at a tenpera?ﬁ?grgg?g te
greater than 375C. 12. A nethod according to claim9, wherein said
contacting step includes a solder reflow process. 13. A method of formng a
s?lder joint to a pad, conprising the steps of: .cl I the pad with )
ﬁigﬁgingngolutlfrs plat:ng an alloy | gyer o ﬁ 1H@ﬁ§azhﬂghe al I oy including
an alloying elenment selected fromthe group consisting of
gaIn: gcki:a :Jml rtg, t/el) gt gﬁlét% d@ltpa@ i 0gThe hayamgoioged @ugn intprdifBusiopp! rlmg%#d t 0919 oSr
stricture on the
ggﬁzel a{Emyﬂ@mkﬁe$ﬂﬂdﬂm$é”b“WﬂPﬁQ§aﬂ%%F%hﬁgﬂlg8¥Z$Ct:ﬂ%?%gﬁgﬁﬁm t her eby
[
ng e :aglgé(})ckgltﬁsollhethclalegéﬂ'@f t§9£lg)§rlay%ﬂg ldshehas dhdemtfiedsuipiauent | y

wet the aPP rman intermetallic layer 111d IIdIII ni ckel ,

gol d and tjipRet MeEONt fiet Al lagyts| Bysbouldhenotheth layer 2270f gold rgma
14. A nethod according to clg?‘ A sbp i laver 2210 gold GTNF AY 2003

|ncludlngcmnamefmaﬁUU@W@3@P%ﬁﬁﬁ@§%s@mQ@F§%¥¥%hﬁ??h%QgF%@8§g%§gPg[ynglL?y

?ﬁ;dalFg;:ﬁg'gﬁ%@g%egtgﬁ%@yggg%%dw?f&EIhggwac¢mrdlngmum1uﬁanan89there|n
atomc %to 50 atom ¢ 9
. AF{. A9. AnFoPBSer as shown in Figure 2A  Furthermore, based on known d(l:ffuél)o?lfchargctenslt{coy AL

it will be appreciated that the following sets of annealing conditions are equivalent:

125°C 3 weeks

225°C 2 days

275° C 16 hours .
325°C 5 hours

375°C 2 hours

Accordingly, a structure as shown mn Figure 2A can be realized using a 2-hour
annealing process at 375° C

In the solder reflow process, the gold layer 22 dissolves in the solder 25, thus
allowing the solder to wet the nickel alloy layer 23 Immediately thereafter, the nickel alloy
reacts with the solder (o form a thin intermetallic layes 24 whose composition includes
mckel, un and gold (see Figure 2B)  Further growth of the intermetallic layer requires
diffusion of mickel through the intermetallic layer 24 Tius s made difficult by the presence
of the alloying element (in thus case, gold) in the mtermetalhic The intermetallic layer thus
serves as a 1eaction barrier, the resultis a reduction 1n the mtermetallic growth rate The
mtermetallic layer 24 has a thickness of less than 1 micton  As noted above, this is
destrable to obtain a stong solder bond to the pad

Altetnatively, a nickel-alloy / gold structure may be obtained by plating on the

copper pad (see Figuie 3A) A mckel alloy layer 31 1s plated over the copper pad 10 usimg
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structure  Other possible alloys include nickel-palladium and nickel-platinum The

preferred alloy composition includes the range of 1% to 50% (atomic percent) of the
alloying element Ternary alloys, combining nickel with two elements which can be gold,
palladium, or platinum, may also be used This structure forms a thin intermetallic layer as
a result of the solder reflow process, as shown in Figure 3B The thin gold layer 32 is
dissolved in the solder 35, and the solder subsequently wets the alloy layer 31 This results
in formation of mtermetallic layer 34 between the solder and the alloy layer

While the mvention has been described in terms of specific embodiments, 1t is
evident i view of the foregoing description that numerous alternatives, modifications and
vaniations will be appatent to those skilled in the art  Accordingly, the invention is intended
to encompass all such alternatives, modifications and vanations which fall within the scope

and spinit of the invention and the followmg claims
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1. A solder joint structure in which solder including tin is connected to a pad,
comprising:
a layer of nickel disposed on the pad;
an alloy layer overlying the nickel layer, the alloy including nickel and an
alloying element selected from the group consisting of gold, palladium and platinum; and
an intermetallic layer between the solder and the alloy layer, the intermetallic

layer including nickel, the alloying element and tin, the intermetallic layer being formed

by the solder wetting the alloy layer.

2. A solder joint structure according to claim [, wherein the alloy layer is formed

by annealing a layer of nickel in contact with a layer of the alloying element.

3. A solder joint structure according to claim 2, wherein the annealing is performed

at a temperature not greater than 375°C.

4. A solder joint structure according to claim 1, wherein the alloy layer is wet by

the solder in a solder reflow process.

5. A solder joint structure in which solder including tin is connected to a pad,
comprising:

an alloy layer disposed on the pad, the alloy including nickel and an alloying
element selected from the group consisting of gold, palladium and platinum; and

an intermetallic layer between the solder and the alloy layer, the intermetallic
layer including nickel, the alloying element and tin, the intermetallic layer being formed

by the solder wetting the alloy layer.

6. A solder joint structure according to claim 5, wherein the alloy layer is deposited

on the pad by plating.

7. A solder joint structure according to claim 5, wherein the alloy is a ternary alloy
including nickel and two elements selected from the group consisting of gold, palladium

and platinum.
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comprises 1 atomic % to 50 atomic % of the alloy.

9. A method of forming a solder joint to a pad, comprising the steps of:

providing a first layer of nickel on the pad;

providing a second layer of a noble metal overlying the first layer;

annealing the first layer and the second layer, thereby forming an alloy layer
including nickel and the noble metal between the first layer and the second layer; and

contacting the second layer with a molten solder including tin, thereby causing
the noble metal to dissolve in the solder and the solder to subsequently wet the alloy
layer, to form an intermetallic layer including nickel, the noble metal and tin between the

alloy layer and the solder.

10. A method according to claim 9, wherein the noble metal is selected from the

group consisting of gold, palladium and platinum,

11. A method according to claim 9, wherein said annealing step is performed at a

temperature not greater than 375°C.

12, A method according to claim 9, wherein said contacting step includes a solder

reflow process.

13. A method of forming a solder joint to a pad, comprising the steps of:

cleaning the pad with cleaning solutions;

plating an alloy layer on the pad, the alloy including nickel and an alloying
element selected from the group consisting of gold, paliadium and platinum;

plating a layer of gold on the alloy layer to form a nickel-alloy/gold structure on
the pad; and

contacting the nickel-alloy/gold structure with a molten solder including tin,
thereby causing the gold to dissolve in the solder and the solder to subsequently wet the
alloy layer, to form an intermetallic layer including nickel, gold and tin between the alloy

layer and the solder.
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