1 21/10/ 2004 A SOLDER | NTERCONNECTI ON HAVI NG A LAYERED BARRI ER STRUCTURE
AND METHOD FOR FORM NG SAME Technical Field 5 The present invention rel ates
to solder interconnections and, in particular, relates to a sol der

i nterconnection having a |layered barrier structure which inhibits reaction
between a solder material and a substrate, and a nethod for 4or ) t he
sol der interconnection. 1o Background Aﬂt Sol der |nterconnect'Uﬁ@b§8é
commonly used in electronic conponents to provide conductivity paths,

mechani cal i nt eAGODBER INTERGONNESTION mwm‘@IA LAYERED BARRMERI on. (One
of the nore conmmon sol der conpositions us s tin- Iead 15 ( SnPb)

e

eutectic solder. It ﬁJRU@BUR&AND]ME'EH@DSEﬂ)Bd?gRMNG $AME connecti ons
have good el ectrical conductivity, nechanical strength and are relatively
easy to manufacture. However, one factor which damages the el ectrical
conductivity and mnmechanical strength of a solder joint is the reaction
whi ch occurwhe 20 tin in the solder material and the electronic
conponents in the conmponent or chip being nmade. This reaction results in
the foration oﬂ'hentweaemtalih‘i/mtbmnpela’lels ton sdider sinteteonnedtiensomlndctinons

which lead to aken splder joi.nt strength., Wth the drive.to
Feduci ng. | SATIEIAR Rt . Sode er oot havig ' EXered baisy Haictire
material s whighainhiils RIEBA! BVt o BoRiRP! ABterdl earkﬁlanguba%el R of Or
sol der interconnection. In order to properly formthe |ead- free’ sol der
mat eri al s, Metiesfosfrming theoselder intercenmrgtionur es are al so required. The
hi gher tin content and the hi gher sol der processing tenperatures result in
faster and stronger reactions between the tin in the solder and the netal
underneath. 2 21/10/ 2004

10  Background Art

Solder interconnections are commonly used in electronic components to
provide conductivity paths, mechanical interconnection and means for thermal

energy dissipation.

One of the more common solder compositions used today is tin-lead
15 (SnPb) eutectic solder. It is important that the solder joint interconnections
have good electrical conductivity, mechanical strength and are relatively easy

to manufacture.

However, one factor which damages the electrical conductivity and

mechanical strength of a solder joint is the reaction which occurs between the

20 tin in the solder material and the electronic components in the component or
chip being made.

This reaction results in the formation of intermetallic compounds in the

solder interconnections which lead to weakened solder joint strength.

With the drive towards reducing lead content in electronic products,

25 lead-free solder materials with a high percentage of tin content are being
developed for solder interconnection. In order to properly form the lead-free
solder materials, higher solder processing temperatures are also required. The
higher tin content and the higher solder processing temperatures result in faster

and stronger reactions between the tin in the solder and the metal underneath.



These reactions result in even weaker solder joint due to the rapid
formation of wundesirable internetallic conpounds. It is therefore
desirable to provide a barrier between the solder material and the
underlying chip or conponent substrate which substantially inhibits the 5
reaction between the solder material and the substrate. Di sclqzﬂpﬁ @i
Invention In a first aspect, the present i nvention provides g 8 for

formng a _solder interconnection having a |ayered barrier structure, the
nmet hod 10 thassrieactigns resulitin gyegiweakgy saldesdoint due o the mpidriarmatiop qfayer

on a subst rLﬁ{o%;sir\%\ﬁlle iH@PI?I%Lé"ii({]?OIﬂ S65qnd netallic layer on the first
netallic | ayer, erein the |rgt and second netallic |ayers are
substantially f L £ ri - my . 5ol der
rater il hav) ng o raop S8 BeHIAER profbed Barfier bankden fEPGALL AbEa” (1G]
heat i ng t hearidather undenlyirgpotttip rorroaheponaint 3ubstrate yiticlasubstaatialyeinhibdts thel ti ng
point of the solder material, B therehy, causi ng the second netallic |ayer to
react wth r?ﬁ%“%‘bb%%%&‘@rsiomermef%lr?ﬁcgth?tﬁw@yﬁﬁ-nuous 20 intermetal lic

| ayer on the first metallic layer; and (e) treating the |layers and sol der
material at a tenperature below the nelting point of the solder material,
t hereby converting the non- continuous internetallic layer into a

subst ant i alRigcloguis ofJpventiot ernetal lic layer, 25 the first netallic |ayer
and the substantially continuous internetallic |layer conprising the

| ayered barrier 18t fitst @seest the oresantiovsmiiont previdesr meihed sor foaming a

conti nuous | ' ayern i.ng, C b Ial Ly i nhidifing an
adver se reaécdt?(lﬁ%{lqﬁfee?é V\A/eder{r%cbﬁée{ ggpgfgr ma?d&r% Féa g%ﬁ%%j hgirﬁ&rdsrg r;cé? alrhqlécbfjayer
and betoweesorhprisisgpthdestepaiofri al and the substrate. 3 21/10/ 2004

(@)  depositing a first metallic layer on a substrate;

(b) depositing a second metallic layer on the first metallic layer, wherein the
first and second metallic layers are substantially formed from different

materials;

15  (c) depositing a solder material having a defined melting point on the

second metallic layer;

(d) heating the layers and solder material at a temperature above the
melting point of the solder material, thereby causing the second metallic
layer to react with the solder material and form a non-continuous

20 intermetallic layer on the first metallic layer; and

(e) treating the layers and solder material at a temperature below the
melting point of the solder material, thereby converting the non-
continuous intermetallic layer into a substantially continuous intermetallic

layer,

25 the first metallic layer and the substantially continuous intermetallic layer
comprising the layered barrier structure of the interconnection, the substantially
continuous intermetallic layer being capable of substantially inhibiting an
adverse reaction between the solder material and the first metallic layer and

between the solder material and the substrate.



Preferably, the first netallic layer at |east partially conprises a first
nmetallic material and the second netallic |ayer at |east partially
conprises a second netallic material. Preferably, one or both of the first
and second netallic materials are 5 nmetals or netal alloys. Preferably,
the second netallic material is copper (Cu) or Palladi um (Pd) gimd bhe
solder material at |east partially conprdses tin (Sn). Pr ef erel ,20 f

first netallic material at |east partially conprises Nickel (N) or a

Ni ckel alloy. MTreferablyerthsl first imetallicc layer atl least paplialyesomipoges a fiost

motal o | BRI ettt L REcHA Pl U of RO Rl B Gomhyaet &

| east partisddoyd meEnicimateriant ernmetal lic materials sel ected fromthe group
consisting of: (a) Cu6Sn5; 15(b) Cu3Sn; (c) PdSn4; and (d)PdSn3 Preferably,

the continuous imvefsrablyaldrieCol B oRithé Est aRarddcahbdymesiiiy nseRé€rialdOare
intermetallic materials selected fromthe group consisting of: (a) Cu6Snb;

and (b Pdsatals pf eetalalioys. t he continuous internetallic layer conprises an
undul ating continuous intermetallic |ayer. 25 Preferably, the step of
heati ng t he | aydrreferablys hejeecans metalic material isaprpert(Gud oaPalladiune(Rdl ti ng

point of the, SRlAiqdPhStdrAl af AR bér%%ﬂ%&%ﬂges tin (Sn).

Preferably, the first metallic material at least partially comprises Nickel
(Ni) or a Nickel alloy. More preferably, the Nickel alloy comprises Nickel
10  Vanadium.

Preferably, the second metallic layer comprises one or more metallic
layers.

Preferably, the non-continuous intermetallic layer at least partially

comprises intermetallic materials selected from the group consisting of:
15 (@) CugSns;

(b)  CusSn;

(c) PdSn,; and

(d) PdSns

Preferably, the continuous intermetallic layer at least partially comprises
20 intermetallic materials selected from the group consisting of:

(@) CusSns. and
(b) PdSn,.

Preferably, the continuous intermetallic layer comprises an undulating

continuous intermetallic layer.

25 Preferably, the step of heating the layers and solder material at a
temperature above the melting point of the solder material comprises heating
the layers and solder material at a first prescribed temperature range for a first

prescribed time period.



the |l ayers and solder material at a first prescribed tenperature range for
a first prescribed tine period. 4 21/10/2004 Preferably, the first
prescri bed tenperature range conprises tenperatures ranging fromthe
melting point of the solder material up to about 100C above the nelting

point of the solder material. Mre pref%rably, the first prf?é?{élﬁ 8
tenperature range conprises tenperatures ranging fromthe 5 §‘E)oi nt

of the solder material up to about 50C above the nmelting point of the
sol der materi al .Prefersablyabitpe tfist f iprescrihass c terpparatuiee pgd COPHBISESes
time perio ' . r r ably,
the first q%mge ?ér't%edr%rlfgﬁ@ E’gﬁf{&?l @%ﬁg&?g%'épf)ﬂgn% %@g&;g@mjﬁﬁ nlg) %écgjr% about

30 to 70 lMDCEcabule thErraekinglpoint d¢fithe Sokjerahateriaht Moge prefetabig ithe first
sol der materi al erature below the nelti n(% oint of the sol der

Lat te
material cHfEPFREd LeEIRETRGTe { FBOea FOrPrises dYnaeratigseranging: rams dbgnd
prescri ed %?Eiie;\ﬁr R it tﬁé%ﬁjefr%%térials R oMitESPT A5l thEEmBfihy Wdintlot

Pref erabl vy, cond prescri bed tenperature range conprises “tenperatures
rangi ng frdhesotder matleGabel ow t he nelting point of the solder material up
to the nelting point of the solder nmaterial. Mre preferably, when the

sol der materi al Rrefgablestheufiestt pressribid stirmdeperidd ecamprises fimes qrerioeld

t emper at ure _range_conpri ses, t enperat ur rangi ng from about 100C up to 20
about . 183C r2NGLD. fRbAROHE eSeCPRY 10D SRCaNoE s MaEr Dreletatiy the Tt
Pref erabl y, preBeiiaf arfe PEASE donfstiselsNBimBEpRSHSC PARYING $ont 1gFBLPSD RFT0
rangi ng froen 1 hour to Eeveral huhdred hoﬂlsjrs. Mor Ipieferably, when t he
sol der 1Pat e3dc@ndsonpri ses eutectic SnPb sol der, the second prescribed tine
peri od conprises about four hours and the second prescribed tenperature 25
range conpri ses Rieferably730e Stepf of dtdafingt the fayess rartde sotdgsr msteriabnat ar nor e
of : . . . . .
temperature below the melting point of the solder material comprises treating
the layers and solder material at a second prescribed temperature range for a

second prescribed time period.

15 Preferably, the second prescribed temperature range comprises
temperatures ranging from about 100°C below the melting point of the solder
material up to the melting point of the solder material. More preferably, when
the solder material comprises eutectic SnPb solder, the second prescribed
temperature range comprises temperatures ranging from about 100°C up to

20 about 183°C, just below the melting point of the solder material.

Preferably, the second prescribed time period comprises time periods
ranging from 1 hour to several hundred hours. More preferably, when the
solder material comprises eutectic SnPb solder, the second prescribed time
period comprises about four hours and the second prescribed temperature

25 range comprises about 175°C.

Preferably, the substrate comprises one or more of:
(@)  acircuit;
(b)  an electronic component;
(©) a chip;
30 (d) a chip pad; and



(a) acircuit; (b) an electronic conmponent; (c) a chip; 30 (d) a chip pad;
and 5 21/10/ 2004 (e) a substrate pad. In a second aspect, the present

i nvention provides a solder interconnection having a |l ayered barrier
structure, fornmed by the nethod 5 according to the first aspect of the
present invention. In a third aspect, the present invention provides a

sol der interconnection having a Iayere@ barrier structure cd%%ﬂ@@pﬂ@: (a)
a first netallic layer having | ower and upper surfaces and being joined at
10 its | owde) surd sukstrate padubstrate; (b) a substantially continuous
intermetallic |layer having | ower and upper surfaces and being joined at
its lower surface to the netallic layer's upper surface; and (c) a sol der
mat eri al having | ower and upper surfaces and being joined at its 15 | ower
surface to the ilnt e neéedrid caspgaly ' theuppresentr inventiomheraiides ha solder

substantial.ly continuous internetalljc |layer is forped by: (i) depgsiting a
second met dpfé!r%oqrapgpnoﬁa\(lﬂg i |P¥?fq&t§3§|"!|¥fc sfryglure, ﬁgﬁgy Yt Hg ’f‘&?@fj and
second et Adcofdihg Y& itfe MisEalSEdtee thd prasent inveRfién ™t erials; (ii) depositing
the solder material having a defined nelting point on the 20 second

metallic layer; (iii) heating the layers and solder material at a
tenperature above the nelting point of the solder material, thereby

causing the secqpd ﬁ'ﬁfdaalﬁérgie%t th@?ﬁsérﬂ iﬁ\‘i‘éi'ﬁfon‘r’}ﬁlrg)gigteg% %ngefntﬁ%aﬁﬁ%cﬁﬂonand

form a non-continuous t ermet Ic layer o irst neta ayer; and
having a layered barrier structure comprising:

(a) afirst metallic layer having lower and upper surfaces and being joined at

10 its lower surface to a substrate;

(b)  a substantially continuous intermetallic layer having lower and upper
surfaces and being joined at its lower surface to the metallic layer's

upper surface; and

(c)  asolder material having lower and upper surfaces and being joined at its

15 lower surface to the intermetallic layer's upper surface,
wherein the substantially continuous intermetallic layer is formed by:

(i) depositing a second metallic layer on the first metallic layer, wherein the

first and second metallic layers are formed from different materials;

(i) depositing the solder material having a defined melting point on the
20 second metallic layer;

(i) heating the layers and solder material at a temperature above the
melting point of the solder material, thereby causing the second metallic
layer to react with the solder material and form a non-continuous

intermetallic layer on the first metallic layer; and

25 (iv) treating the layers and solder material at a temperature below the
melting point of the solder material, thereby converting the non-
continuous intermetallic layer into a substantially continuous intermetallic

layer,



25 (iv) treating the layers and solder material at a tenperature bel ow the
nmelting point of the solder material, thereby converting the non-
continuous internetallic layer into a substantially continuous
internetallic |ayer, 6 21/10/2004 the first netallic |ayer and the

substantially continuous internetallic layer conprising the ﬂc@%@?ﬁﬂ
barrier structure of the interconnection, the substantially 6us

intermetal |l jc |ayer being capable of substantially inhihiting an adverse
reaction bébﬁehﬁﬂ’ﬁ@@'&ﬂ g@\‘errra%rﬁh&l Sahﬁanhe"m@paﬁw@ua ditermgtadic dayest ween

the sol der dB?ﬁﬁrrié'iﬁg% Etﬂife?%gbfgdyﬁé'ﬁ%? %f’rh@l:urg bEiH llfha r%ﬁgméé(}ﬁioﬁ“ﬁ% é’%rﬁné'té‘rlnt'iéﬂy

conti nuous i nterne er at l[east part nmpri ses
i nt er et al | ¢antinabes i intermdialiic plagére rkeingy , cagable nofesabstahtially imEibiéingakln

conprises CupSn5 or PdSn4.. Preferably, th talli,c layer at |east
partially c?ﬂ%’ﬁ(?%é?aﬁﬁ%{}%ﬂMS?n athelgo‘ﬁi)é{ama ri%y?”%ﬁ@_ B@”f'&? alﬁ!_’?f, ande
metal |1 ¢ | ayaivedh th€asldePMdteadll shdPBRUbLSRate. N Ckel (Ni) or a N ckel alloy.
In a fourth aspect, the present invention provides a |ayered barrier

structure for 2 pefélahly i/ GRBSeiiafy bk Nfiterheraffe fayel "l 8Bl 11 C

| ayer having | ower and upper surtaces an el ng J ol ne I't's wer
surface to partialhscompasesan ifteymetadlicomaterial.al Myres praférabty, she imtemnetalic! i ¢

I havi ) d d bei joined at its | ower
s3¥$;cea;”on’ﬁﬁte?ﬁ%%ﬁ%gr'ﬁg$gg{é$n§grr%€%@$ gﬂrfaglengnjd at its upper surface to
| d terigl; .20 in ¢t bstantially.continuqus internetallic
Cayer 15 for med BEfERPY: 4a8 Belalle BoT aE drast At COMBRERS Ghekd) 91 Pot
netal | i@ | ayigtal aMadg’ eMorkNsrefdrabit tﬁé‘dné@ﬂf&n%yl%?tawlééé’t é‘ﬁl‘i;ﬁﬂf c%h?prfs%‘sm?d

fromdifferent material $;k(eﬁ]i i) dépositing the'solder material having a
defi ned nelNickel (i) orta dickehalloysecond netal lic | ayer;

In a fourth aspect, the present invention provides a layered barrier

structure for a solder interconnection comprising:

15 (a) afirst metallic layer having lower and upper surfaces and being joined at

its lower surface to a substrate; and

(b)  a substantially continuous intermetallic layer having lower and upper
surfaces and being joined at its lower surface to the metallic layer's

upper surface and at its upper surface to a solder material;
20  wherein the substantially continuous intermetallic layer is formed by:

(i) depositing a second metallic layer on the first metallic layer, wherein the

first and second metallic layers are formed from different materials;

(ii) depositing the solder material having a defined melting point on the

second metallic layer;

25 (iii) heating the layers and solder material at a temperature above the
melting point of the solder material, thereby causing the second metallic
layer to react with the solder material and form a non-continuous

intermetallic layer on the first metallic layer; and

(iv) treating the layers and solder material at a temperature below the

30 melting point of the solder material, thereby converting the non-



25 (ii1) heating the layers and solder material at a tenperature above the
nmelting point of the solder material, thereby causing the second netallic

| ayer to react with the solder material and form a non-continuous
intermetallic layer on the first netallic layer; and (iv) treating the

| ayers and solder material at a tenperature belowthe 30 neltin oi nt of
the solder material, thereby convertingfhe non 7 21/10/2004 %Uﬂmglzg%us
intermetallic layer into a substantially continuous internetallic |ayer,
the first netal |dantinages irderinetalicdayertiniot 4 aLibstantialtyl condinsousirdermeetallici ¢

| ayer conprisigg a layered barrier structure for a solder interconnection,
the 5 substanti Y?)' contl nuous internetallic |ayer being capabl e of

subst anti al i nhi bj an advey.se acti.on between the sol terial
and the rretthfz'l first ipg fc Wrb@f'ae{—m’ ES@GF'Q GoRtiBYoYS Inteme '%H%\éﬁrr ate.
Throughout ddwsrisiRgChf idatéd Nbarkigt e§t$uc§tﬂl% CfBPté’X&oIH@ﬂUlhfé"‘réor%é?ﬁlbW Sthe he

10 word "conprise"™, or variations such conpri ses’ conprising”, wll
be under‘ést(mtlbstaﬂtiai‘r}ol wmtmquacinjermetaﬂic dayarabemIgeloapablle 0|f nSlebgﬁtantlHIlystep,
or group enent s

nt egers,. or ,s ut n I.on of
ot her el enéﬂp%'t'qgn?gg%qve(ﬁe g?@f)t'orblb b’y‘gﬂb tﬁ‘? ﬁﬁl(g%amage"eﬁ 'Egé'f‘% et iceps
Any di scusshpér aid BeNEERthe soffdrimateRbPandite sltistes, articles or the like
15 which has been included in the present specification is solely for the

pur pose of providing a context for the present invention. It is not to be
taken as an admi ssion that any or all of these matters formpart of the

prior art base %rW%thﬁWcﬁ%ﬁﬁéﬁ' urfBeY IR 88nteRt Fé?fmfebedtﬁehﬂﬁévt%@t to

the present invention as it “existed before t he pr| ori date of each claim
of t hi sl0appVorgatcamprised, lon varadions rsucht ae pp&welﬁea menom@nsmy ol per e

clearly un e eSSl wth reference to
the foll ovmqﬁgdsetd@@&ﬁ Aagﬁqghld{h 83'51'%1%29”%? Bge p{rﬁ%g]eroqr ﬁtﬁB %’%WURQS
of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like

15 which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present invention as it

existed before the priority date of each claim of this application.

20 In order that the present invention may be more clearly understood,
preferred forms will be described with reference to the following drawings and

examples.

Brief Description of the Drawings

25 Figure 1 is a flow diagram illustrating the method for forming a solder

interconnection having a layered barrier structure according to the invention;

Figures 2-7 are sequential cross-sectional side views of a solder
interconnection being formed according to the method of the present invention;

and



25 Figure 1 is a flow diagramillustrating the nmethod for form ng a sol der

I nterconnection having a | ayered barrier structure according to the

i nvention; Figures 2-7 are sequential cross-sectional side views of a

sol der interconnection being formed according to the nethod of the present
I nvention; and 8 21/10/2004 Figure 8 ig a cross-sectional gﬂzuwggﬁlof a
further enbodi nent of a solder intercornection having a | ay ?ler
structure accordin the inventjon, 5 Detailed Description The preferred

embodi nent of t Héd t d¥ 3 srosoektiogak side Niew of A éﬁ"&'@ﬁfﬂ%@@P@ﬁn%v@na a

| ayer ed bar f ! fiEigure 1.
Thg st eps ﬁdlkﬁéért rﬁg%r‘eéthé@tf:drSuHrégH#g Zéygﬁ(?ed %déa@grlébmg{turg et aﬂ% tt)(gltg\% wth
ref erence tiovéitgpmes 2-7. 10 Referring firstly to Figure 2, the first step
i nvol ves providing a substrate 1 upon which the solder interconnection is
to be fornmed. The substrate nay take the formof a circuit, an electronic
conponent, a chip, a chip pad or a substrate pad. The next step shown in
Fi gur es 51 dbetaBed Deskriptiordepositing 2 a first 15 nmetallic layer 3 on the
substrate 1. This first nmetallic layer is a netal or netal alloy and is

preferably ni ckeThd Nojeferred sinblodliment! @f s hnthed Cf(ﬁl fdmliiﬁgi @Mmsofdershown
in Figures 1 and 4, the next step involves depositing second netallic

| ayer 5 on 'Pr?écqr?'reé:ﬁ'oﬁe’f'%‘('ngca |layredabarrigs stryclure, iy 'Mr@\t@p inethg flow _
layers are (ﬂégrfa?ﬁ %@'I’-’ﬁ r‘ér fedrid s@é{ﬂ{ ?;Ihgf?ét @arheﬁi:gﬁ‘l'er a%{eiaﬁgggéé%r%%g;‘iﬁgfl lic

| ayer shoul e a rret or netal IS pre
pal | adi um (d&tail beb&swttbdefeyermmlbtlﬁghm.Z-As shown in Figures 1 and 5, the
next step involves depositing 6 a solder material 7 on the second netallic

| ayer 510 The solReferning finstlptto Figure 2, rt}w firsé dtepeinvolvgs pooviding edsulstate Heast
partially rrl?goen \];vlrncﬂ]thle réofds mterPcro%fnec ion 1s to be formed. The substrate may take

the form of a circuit, an electronic component, a chip, a chip pad or a substrate
pad.

The next step shown in Figures 1 and 3 involves depositing 2 a first
15 metallic layer 3 on the substrate 1. This first metallic layer is a metal or metal

alloy and is preferably nickel (Ni) or a nickel alloy such as nickel vanadium.

As shown in Figures 1 and 4, the next step involves depositing 4 a
second metallic layer 5 on the first metallic layer 3. The first and second
metallic layers are preferably formed of different materials. The second

20 metallic layer should be a metal or metal alloy and is preferably copper (Cu) or
palladium (Pd) deposited by sputtering.

As shown in Figures 1 and 5, the next step involves depositing 6 a
solder material 7 on the second metallic layer 5. The solder material has a
defined melting point and is at least partially made from tin (Sn). Preferably,

25 the solder material is a tin lead (SnPb) alloy.

As shown in Figures 1 and 6, the next step involves heating 8 the layers
and solder material at a temperature above the melting point of the solder
material. This heating step causes the second metallic layer 5 to react with the
solder material 7 and to form a non-continuous intermetallic layer 9 on the first

30 metallic layer 3. When the second metallic layer is made of Cu and the solder

material includes Sn, the non-continuous intermetallic layer 9 is made up of




25 the solder material is atin lead (SnPb) alloy. As shown in Figures 1
and 6, the next step involves heating 8 the |layers and solder material at
a tenperature above the nelting point of the solder material. This heating
step causes the second netallic layer 5 to react with the solder materi al
7 and to forma non-continuous internetallic layer 9 on the first 30
netallic |ayer 3. Wien the second netal 19 ¢ | ayer is nade of G/ 3800 e
solder material includes Sn, the non-continuous internetallic layer 9 is_
made up of QugBnsEndiadudire Séhearitiemecond snetallivhayerthis rmade ot Pdetral thiec

| ayer 5 is e of . Pd. an hea.sqQl der material include n, t.he

s cont 1 ST et T I soy ¢ RenRnfinudts iSieiiEic Fveril dnade uas
shown in FigfPdESH, afllPise,;.t hi s heating step 8, the non-continuous 5 _
intermetallic layer takes the formof a series of scallop-shaped fornmations

10. This heati noaststBwh ins FREIE B, N&6HRY this fRdatingP&Rpd, | tABChARBBRtiMIdUse
range for a first prescribed tinme period. Wien eutectic SnPb solder is

used, tHe finlesmetallielayer takestthefernofia sesas of dcallopsshaped fopoatignt®.above
the solder nelting point). Qther tenperatures above the solder melting
poi nt suffi ci entThis heating stere8rie perfoomed et vactinst prascsbed nempetatute rangayer 5

dth I i al. . al.s used he, igvent,ors hav oynd t hat
an ef fect Vo pi St BissBindo sER o&iGE e Blieclionrd SHRBEELASE hEHER | e
peri ods maypraksibdir teinpesatue . sHBRRRURE drbend OZRPCN (40 Ushdve! Bidedciddr C
| ayer 9 is not. continuous there are points of contact 11 between the

sol der 8 ariBelting RQiIAYt Qfbertempenalyres aboverthe soldeafaneling meintrradiicient taas

l eft ingthi; t [ t (o] gt eri al

PCand 1156 THIGEE Feactir MitvelAfib! R th il S aite Pac it ™, |

this state, mayatso baaisednsTha invintors tavéufound thaeaneffettivg first pgegdribedss or
and would | ead to a weakeni ng of the sol der

Jdglr In'? g llfli\(/ave“%?fpgﬁﬁ ?ﬁﬁgﬁ?%@twpnw Qyfer tinge periode may ﬂSQ%ieseff%"Hyﬁont i nuous
State, 20 U e e Tan-contiuaus hiermetaiic layer 8 & nat continuats there * ¢
st eps descri bed PHAYR. con y
are points of contact 11 between the solder 8 and the first metallic layer 3. If
15 the interconnection was left in this state further reaction could occur between
the solder material 7 and the first metallic layer 3, and even the substrate 1. If
left in this state, such reactions could occur during the manufacturing process
or during use of the component and would lead to a weakening of the solder
joint. However, the intermetallic layer is not left in this non-continuous state,
20 but is transformed into a continuous intermetallic layer by the steps described

below.

Referring to Figures 1 and 7, the next step in the preferred method
involves treating 12 the layers and solder material at a temperature below the
melting point of the solder material. This step flattens out the non-continuous

25 intermetallic layer 9 into a substantially continuous intermetallic layer 13.

Depending upon whether the second metallic layer contained Cu or Pd,
this continuous intermetallic layer 13 will include either CugSns or PdSn,. As
shown in Figure 7, the continuous intermetallic layer 13 is an undulating
continuous intermetallic layer without any points of contact between the solder

30 material 7 and the first metallic layer 3.



Referring to Figures 1 and 7, the next step in the preferred nethod

I nvol ves treating 12 the layers and solder material at a tenperature bel ow
the nelting point of the solder material. This step flattens out the
non-conti nuous 25 internetallic layer 9 into a substantially continuous
internetallic |ayer 13. Dependi ng upon )[{\@et her the second rresaal #6/? éﬁlyer
contained Cu or Pd, thi s conti nuous internmetal lic | ayer I/ Aot ude

ei t her Cu6Sn5 or_PdSn4. in Figure 7, the continuous internetallic
layer 13 is an uﬂzﬁm‘la%tlrﬁgta"ts:ohyeﬁao@@d ithe ssubstantiplly, coatjawoug intemetali

he f [
Payer a- 10807 S mBEARER vefed Bafifh stBuPBLEL %5 200" he substantial ly
conti nuous Inter-ﬁf‘ée%,l” ulsai}ﬁ n%%alqglffyeﬁ’gﬁnl t"f%%g% gaﬁéﬁn Fsﬁpgtglg% Yye 14.

The conti nuous in a er t he 1 ayer arrti ure 14

i s capabl e isfcapabtd aﬁfsubhtbyitlaIMIrbubltlm ainadvbrSESr@abﬁ@ttﬂeoneé)ettM@%Idéie
solder 5 materi aLﬂ Sﬂg thg first metallic layer 3. It also is capabl e of
[ |

subst anti alNgteria st Jneiafliselayenst | H—nal§8t ireearabie ofosuhstantialiyrial 7
and the SQHﬁ"oﬁﬁﬁ?p ah dd\er el%a%floﬁrﬁéfvfé& Ihet @Elde"f‘yﬁﬁ?eﬁé\dﬁ%

material at a 't erature elowtherretlng poi nt of e sol der maperial
pr ef er abl y substriatee$. treating at 10 tenperatures rangi ng from about 100C
bel ow the nelting point of the solder material up to the nelting point of
t he sol der materTha stépbﬁefntreaﬂm\pﬂ2dh§rlﬂnrssa3iddmldérsma$@ibl dtreetemperatge

tenperature for this IS, prefera ut 150 to  175C. This treatlng
Step 15 hoyPaiw bR iehag aeint ke [SHs 3t pisrably invelues fisaubd ol
hundr edghougpp e‘r‘&%?esekﬁrﬁﬁﬁ%‘froﬁﬂ BBoaPhgerc iveldw &tk n%ém‘ngl?olrﬂ\bﬁ%érs%l

found that treating step I2 is effective for tines rang from1 our to

sever al huriaatstiahoipr to, theéepeltingngoinp of thaesoudarpnamrlaﬂ e Wbed eutectic SnPbabI e
exanpl e ti & oy dbetretln four,

e T WSS LR R HeSidd indiBting faF ik SR Bhrefirabitbal? HeD o3 er e

175°C. This treating step 12 may be performed at times ranging from about 1
hour to several hundred hours. When eutectic SnPb solder is used, the

15  inventors have found that treating step 12 is effective for times ranging from 1
hour to several hundred hours, depending upon the temperature used. One
suitable example time and temperature range would be treating for four hours
at 175°C.

It will be appreciated from the foregoing discussion that the layered

20 barrier structure is able to substantially inhibit undesirable reactions between
the Sn in the solder material and both the first metallic layer and the chip circuit
metallurgy in the substrate beneath that layer. A solder interconnection formed
according to this method will continue to have good electrical conductivity and
maintain its mechanical strength for longer periods than prior art solder

25 interconnections.

As shown in Figure 7, a solder interconnection having a layered barrier

structure which is formed according to above-described method will have a
number of features. The interconnection will have a first metallic layer 3 having
lower 16 and upper 17 surfaces and will be joined at its lower surface 16 to the

30 substrate1. The interconnection will have a substantially continuous
intermetallic layer 13 which also has lower 18 and upper 19 surfaces and is

joined at its lower surface 18 to the upper surface 17 of the metallic layer 3.



20 barrier structure is able to substantially inhibit undesirable reactions
between the Sn in the solder material and both the first nmetallic | ayer and
the chip circuit netallurgy in the substrate beneath that |ayer. A sol der

i nterconnection formed according to this nmethod will continue to have good
el ectrical conductivity and maintain iii mechani cal strength f%& Iﬁnger
periods than prior art solder 25 interconnections. As shown 4 ?8 e 7, a
sol der interconnection havinﬁ a layered barrier structure which is fornmed
accor di ng t bhebteecanssctiomonill ralsediavei Bl selder materialhbdvavistg favar2andThe

i nt er connect | i e first llic.|a in I nd
Upper 17" SRR 24 ST e ol iEteRal bBingiified” af ¥ JRdes sOMEEe 28 &)
substrat e IltheThspdrné BfRRMBRFitA8 iMtdrmeldiNe 18yeFuidst amtthig! foyme aRé inmetalie _
internetallic layer 13 which also has |ower 18 and upper 19 surfaces and is

j i ned_at_ilayen dvand die rubstanbally aandnupye rnisimelallc aves! Rempesal thec
ayer oS.g ﬁaﬁ%/e%o tgaﬁﬁélr u%'tgueét[] e’ia?orlafeﬁ,;é om{(%!ag&lg%%}%%_ avf, & %&gﬁtl dRteria

7 having | r 21 surfaces, er ‘mat eri al "berng joi ned

at its | owesorginubas enfdmietallid hayerpiBeiis ablé aoesdistahtidllye inhibitrametadléise | ayer
13. Inthis form the ne alli& | ayer 3 and the su_bstantiallé cont i nuous
i nt er net al Irieéci'%ﬁ?“"ie?’b ﬁpﬁq| 4 r'@'?é&?@r"@ﬂ npgtalicdayestd ard between the t he

i nt er connecdd @& mattsiah bistbk¥ateCpnt i nuous internetal lic layer 13 is
able to substantrlnaﬁ?y ?n |b|Ht an aaver se reaction between the sol der

maerial 7 and pauileha! hgrebmNes B sl AR I tnaohACihahEhbRlusT and

the substrate 1. e appreciated persons ski Int art that
nunmer ou® lariatiohatandior modificationsinfayclae intade toathebimventien e shosvn imvibet | on
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i nclude an adhesion |'ayer 15 between the substrate 1 and the first
met al | i ¢ | alyighre28 thdiselded intereomnestien may includelan adhesibhyayss tppetweent o t he

substrate %hgeg%sﬁrﬁgﬁf %rngi i tflrr‘set rsnteef‘gllic?flayer 2. This adhesion layer 15 will
15 normally be applied to the substrate 1 before performing the step of
depositing 2 the first metallic layer 3 on the substrate 1. Furthermore, the

second metallic layer 5 may take the form of one, two or more metallic layers,

as long as they are suitable for reacting with the solder material 7 to form the

intermetallic materials which make up the non-continuous 9 and continuous 13

20 intermetallic layers. The present embodiments are, therefore, to be considered

in all respects as illustrative and not restrictive.



depositing 2 the first netallic layer 3 on the substrate 1. Furthernore,
the second netallic layer 5 nay take the formof one, two or nore netallic
| ayers, as long as they are suitable for reacting with the solder materi al
7 to formthe internetallic materials which make up the non-continuous 9
and continuous 13 20 internetallic | aye 2 The present enbOdii;‘zﬂé/% 6&&
therefore, to be considered in all resi cts as illustrative 8
restrictive. 12 21/10/2004 Cains: 1. A nethod for form ng a sol der

i nt er connecCliaims:havi ng a | ayered barrier structure, the nethod conprising
the steps of: (a) depositing a first nmetallic |layer on a substrate; 5 (b)
depositing B secAmethetdbl forming er soldet Irtefdonactiort hhling d Riyered barieri n t he
first and second netallic |ayers are substantially forned fromdifferent
materials; (c) dEpEdie: Mg methndeemprasiag the stepsiafy a defined mel ting poi nt
on the second netallic layer; 10 (d) heating the |ayers and sol der

materi al at(@ t IgRAsiting 2 fitgh matalinayerona sedH@EE: of the sol der materi al ,
t hereby causing the second netallic_ |ayer to react with the sol der

mat eri al5 arl®) f ordgresiing 2 sacondimeallic faver aat the|first matadic layer, whereinsthe

emer at ur & bel i AR SooRe PRl ByRf 81 sABGeRR ForRTTo offerdhs,

converting the noaterials)ti nuous internetallic layer into a substantially
continuous internetallic layer, the first netallic |ayer and the

substanti al(cy coddpositings a sblierehatdriab hawey a afiped Smedtingh@olmyer etfle
barrier structure of the interconnection, the substantially 20 conti nuous
internetal |ic | SRECNIdNGIRICIRY®I e of substantially inhibiting an adverse

reaction between the solder material and the first netallic | ayer and
bet ween'® helddol digatingt the davelndandthsaldgisatedal at a temperature above the

melting point of the solder material, thereby causing the second metallic
layer to react with the solder material and form a non-continuous

intermetallic layer on the first metallic layer; and

(e) treating the layers and solder material at a temperature below the
15 melting point of the solder material, thereby converting the non-
continuous intermetallic layer into a substantially continuous intermetallic

layer,

the first metallic layer and the substantially continuous intermetallic layer
comprising the layered barrier structure of the interconnection, the substantially
20 continuous intermetallic layer being capable of substantially inhibiting an
adverse reaction between the solder material and the first metallic layer and

between the solder material and the substrate.

2. The method according to claim 1 wherein the first metallic layer at least
25 partially comprises a first metallic material and the second metallic layer at

least partially comprises a second metallic material.

3. The method according to claim 2 wherein one or both of the first and

second metallic materials are metals or metal alloys.



2. The nmethod according to claim1l wherein the first netallic |ayer at

| east 25 partially conprises a first netallic material and the second
netallic |ayer at |east partially conprises a second netallic material. 3.
The net hod according to claim2 wherein one or both of the first and
second netallic materials are netals or petal alloys. 13 21/10/2004 4. The
nmet hod according to claim3 wherein the 13econd netal lic mat erd ¥10/2804 copper
(Cu) or Palladium (Pd) and the solder material at |east partially

conpri ses t4.n (SHe netisd arﬁ@ordmgri@oblalacarvmengmbecse@pnd:m@alhclraahanal isher ei n

the first st_partial Conpri.s ck or a
Ni ckel al | o@tp?’é’# "B e afadh, (1 et ¢ e FFRPHAE 3¢ oSk pefi | oy
conpri ses dﬂmmes\ﬁmM)um 10 7. The method according to any one of the

preceding clainms wherein the second netallic |layer conprises one or nore

metallic layers. 8. The nethod according to any one of the preceding clains
wherein the 15 non-continuous internetallic |ayer at |east partially

conprises igter rrmeﬁlrﬁetﬁod raac@rmg%&o S@hife3e8r Ll 4 %&éwmecﬁfs‘f'rﬁéfan& of :
(a) CQu6sSn5; (b) Cu n4; and 20 (d) PdSn3 9. The neth

according tma@ﬁlﬁ\l Qh@aéf p@ﬂﬂé")pﬁ@@édﬁﬁ@f\hﬂ@| (i) wharNickeltalley. cont i nuous
internetallic layer at least partially conprises internetallic materials
selected fromthe group consisting of: 25 (a) Cu6Sn5; and (b) PdSn4. 14
21/ 10/ 2004

6. The method according to claim 5 wherein the Nickel alloy comprises

Nickel Vanadium.

10

7. The method according to any one of the preceding claims wherein the

second metallic layer comprises one or more metallic layers.

8. The method according to any one of the preceding claims wherein the
15 non-continuous intermetallic layer at least partially comprises intermetallic

materials selected from the group consisting of:
(@  CugSns;
(b) CuaSn;
(c) PdSng4; and
20 (d) PdSn;

9. The method according to any one of the preceding claims wherein the
continuous intermetallic layer at least partially comprises intermetallic materials

selected from the group consisting of:
25 (a) CusSns and

(b)  PdSn,.



10. The method according to any one of the preceding clains wherein the
continuous internetallic |ayer conprises an undul ati ng conti nuous
intermetallic layer. 5 11. The method according to any one of the
preceding clains wherein the step of heating the |ayers and sol der

material at a tenperature above the rrel1ai ng point of the sol%?ig/g&bgri al
conprises heating the layers and solder ""material at a first ed

tenperature range for a first prescribed tine period. 10 12. The nethod
accordi ng tH-cl alhg Mmethpe @scarding t9 apytong ekthe pesedingnplainas whereiange
conprises t k ' | ' .

mater i al up ey AR heaic e Sohbitecsh Urblidtlokribuobs fustotelics |5
The met hod lagerording to claim 12 wherein the first prescribed tenperature
range conprises tenperatures ranging fromthe nelting point of the solder
material up to 50C above the nelting point of the solder material. 14. The
nmet hod according to any one of clains 11 to 13 wherein the first 20

prescri lzed 11.me Tt husthed metorig to @RyRsTe eﬂme{,\ﬁrwemg‘ claims wirgeindthko 100
seconds. 15. The pethod according to claim 14 wherein the first prescribed
time perioteRMpheating thedaysss 3t seldeyi matariadAtsa teapetatyee @bgye ths 16.
The et hod (o ' ] ai eLnqt step
of treating a0 boidt bP (RE SRR Matchidl oBiErREL Heaing MR, WERTaR sefer

mel ti ng poimatesial taiea Sfobt presmmibedi Empearapure semger fort a nfiyst peesanipedstimed
solder material at a second prescribed tenperature range for a second
prescri bed PEIP% i e period. 15 21/10/2004 17. The method according to claim
16 wherein the second prescribed tenperature range conprises tenperatures
rangi ng'% r om about 100C bel ow

12.  The method according to claim 11 wherein the first prescribed
temperature range comprises temperatures ranging from the melting point of

the solder material up to 100°C above the melting point of the solder material.

15 13. The method according to claim 12 wherein the first prescribed
temperature range comprises temperatures ranging from the melting point of

the solder material up to 50°C above the melting point of the solder material.

14. The method according to any one of claims 11 to 13 wherein the first
20 prescribed time period comprises time periods ranging from 1 second to 100
seconds.

15.  The method according to claim 14 wherein the first prescribed time
period comprises time periods ranging from 30 to 70 seconds.

25

16. The method according to any one of the preceding claims wherein the

step of treating the layers and solder material at a temperature below the

melting point of the solder material comprises treating the layers and solder

material at a second prescribed temperature range for a second prescribed
30 time period.



the nelting point of the solder material up to the nelting point of the
solder material. 5 18. The nethod according to claim116 or claim 17
wherein the second prescribed tine period conprises tinme periods ranging
fromabout 1 hour to several hundred hours. 10 19. The method according to
any one of the preceding clains wherein ,the substrate conprises one or
nore of: (a) a circuit; (b) an el ectronil® conponent; (c) a @11/ﬂ)9/29@4(d) a
chip pad; and (e) a substrate pad. 20. A solder interconnection having a

| ayered barti.er Bhe uoeinod, aceoming g claime Hetwbereit dbedseeprido prescrived of

clains 1t . rod rconnection.havin I red barrier
structure dsmperdinFands, RBitFiset eRRAIRE raRbs Mt baub B0°C HitHper
surfaces anfehfkltigg) poinedf e solder! AuRIas Wpf RCthe Mettirfg! Psint Jf ehe (ddder

substantially continuous internetallic |layer having | ower and upper 25

surfaces arfﬂa'@é'iahg joined at its lower surface to the netallic layer's
upper surface; and (c) a solder material having | ower and upper surfaces
and bei®g joined at its lower surface to the intermetallic |layer's upper
surface, 16 21/10/ 2004 wherein the substantially continuous internmetallic
| ayer is fotGed Bie methodeaesardinggtan claimon6 eeickdimi 471 whereimrthe heedandst

metallic | aﬁ' ol i AL élt?gd cfoHp%fsegriﬂnée&eor%%s”r%tn%%nlgi Frolmaxggat qrﬁoJrotrorred
} er| & 8

fromdiffer
several hundred hours.

10 19. The method according to any one of the preceding claims wherein the
substrate comprises one or more of:

(a)  acircuit;
(b)  an electronic component;
(©) a chip;

15 (d) achippad; and

(e)  asubstrate pad.

20. A solder interconnection having a layered barrier structure, formed by
the method according to any one of claims 1 to 19.

20
21. A solder interconnection having a layered barrier structure comprising:
(a) a first metallic layer having lower and upper surfaces and being joined at
its lower surface to a substrate;
(b) a substantially continuous intermetallic layer having lower and upper
25 surfaces and being joined at its lower surface to the metallic layer’s

upper surface; and

(¢)  asolder material having lower and upper surfaces and being joined at its

lower surface to the intermetallic layer’s upper surface,



(i1) depositing the solder material having a defined nelting point on the
5 second netallic layer; (iii) heating the |ayers and solder material at a
tenperature above the nelting point of the solder material, thereby
causing the second netallic layer to react with the solder material and
forma non-continuous internetallic laygr on the first rretal%i i } aﬁgr; and
10 (iv) treating the | ayers and sol der terial at a tenperat W E0BEPEw ¢ he
melting point of the solder material, thereby converting the non-

cont i nuous Whewinthesyhstantially continous istasmeiaitic lavey iscormed byis
internetalljc layer, the first nmetallic |ayer and the substantiall

conti nuous nt erdgRositingca sagend metallie fayer snnfetfiret meladicclaysamwheseinstheuct ur e

bei ngcapabl o of TSR] SR H FFRERKE 1 BRRE RO R ARGkl oon t ne

at or - ardh - e st a1 S5 et (Rl AR Hilod doiICoAeng 1o

cl ai m 2% wher ei reddoad metatlicdayeral | y continuous internetallic layer at |east
partially conprises an internetallic material. 23. The sol der

i nt er conneciiijon leeatipgdiheg layers| ghdn sbldeh aigémalt BE a Fmpeistirehblé Cthe
material conprises Cu6Sn5 or PdSn4. 24. The sol der |nterconnection
according to anymglieggroiRy ¢fithe spiderdnaterialutereby censing; thetsasendimetallicayer

at | east partial | : a ; | | 017 004
25. The sol der illral %fggﬁr?ggfﬁ%@ g@%o%%@%rgE}P%@g?!ﬁtiarﬂ%zi&m){nhe%e'?é{??ﬁéﬁrﬂﬁuét
metal lic |ayer anhtdreetdlliplayer ahltye ficstpretaltic Idyetkahd (Ni) or a Nickel all oy.
26. A layered barrier structure for a solder interconnection conprising: 5
(a) a fior st(ivyet diéatingl Hyerlayersi agd | soider anaterigipat = demperstufbdi®i NBej oi ned
at . . . .

melting point of the solder material, thereby converting the non-

continuous intermetallic layer into a substantially continuous intermetallic

layer,

the first metallic layer and the substantially continuous intermetallic layer
15 comprising the layered barrier structure of the interconnection, the substantially
continuous intermetallic layer being capable of substantially inhibiting an
adverse reaction between the solder material and the first metallic layer and

between the solder material and the substrate.

20 22. The solder interconnection according to claim 21 wherein the
substantially continuous intermetallic layer at least partially comprises an

intermetallic material.

23. The solder interconnection according to claim 22 wherein the

25 intermetallic material comprises CusSnsor PdSn,.

24.  The solder interconnection according to any one of claims 21 to 23
wherein the first metallic layer at least partially comprises a metal or a metal

alloy.

30



its lower surface to a substrate; and (b) a substantially continuous
internmetallic |ayer having | ower and upper surfaces and being joined at
its lower surface to the netallic layer's wupper surface and at its upper
surface to a solder material; 10 wherein the substantially continuous
internmetallic layer is formed by: (i) dﬁ)OSltl ng a second netal |I% | ayer on
the first nmetallic |ayer, wherein the rst and second net ald ¥ &0j Q%rs are
formed fromdifferent materials; (ii) depositing the solder material having
a defined rad.ti nhepsiolderointerisenneetiamdasetdingite clajrr 2419herein) theedirstng t he

ol dormat dneEie oS! bR Al FHSERNBALRIFot AN aIOD Poact with

the solder material and forma non-continuous internetallic |ayer on the
first netallic layer; and (iv) treating the Iayers and solder material at a
t enper at ur el ow, t he of th naterial.. thereby
convert i nge%é*)u RAyersy %E?Hl%&ifufiﬁi’%?m ﬁ?lldfef:'q %WQP"??H%‘ SONBRERIMGNt i al | y
conti nuqus jnter | 1i.c : i rst netal ndt

subst ant’i aI(PSJ] nfrsﬁmﬂglhptlﬁ e'PWeréygruPp@BﬁHﬁ? % ?ngelpgl?db%r rier
structure for a j&abARfsuFh&s ﬁpgrggggﬂr% ahfje 25 substantlal |y continuous
internetallic layer being capable of substantially inhibiting an adverse

reaction bqbyveerh lsuBshtid d%hﬁﬁd)@é |ﬁ€ﬁnéﬂﬁiucf \dyet HERARY ldwer bAYelpsetd

bet ween the sol der materlg)f and the substrate.
surfaces and being joined at its lower surface to the metallic layer's

upper surface and at its upper surface to a solder material;
10  wherein the substantially continuous intermetallic layer is formed by:

(i) depositing a second metallic layer on the first metallic layer, wherein the

first and second metallic layers are formed from different materials;

(i) depositing the solder material having a defined melting point on the
second metallic layer;

15 (i) heating the layers and solder material at a temperature above the
melting point of the solder material, thereby causing the second metallic
layer to react with the solder material and form a non-continuous

intermetallic layer on the first metallic layer; and

(iv) treating the layers and solder material at a temperature below the
20 melting point of the solder material, thereby converting the non-
continuous intermetallic layer into a substantially continuous intermetallic

layer,

the first metallic layer and the substantially continuous intermetallic layer
comprising a layered barrier structure for a solder interconnection, the

25 substantially continuous intermetallic layer being capable of substantially
inhibiting an adverse reaction between the solder material and the first metallic
layer and between the solder material and the substrate.



