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required. THBeﬁPSESFFOFWPQ:mgﬂ CLRPLIEPRNGUGRer sol der processing
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10  Background Art

Solder interconnections are commonly used in electronic components to
providg 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.



2 These reactions result in even weaker solder joint due to the rapid
formation of undesirable internmetallic conpounds. It is therefore desirable
to provide a barrier between the solder material and the underlying chip or
conponent substrate which substantially inhibits the reaction between the
sol der material and the substrate. Disclosure of Invention In a first
aspect, the present invention provides a2nethod for formng a sol der

‘i nterconnec on havi | ayered barrier structur met h i ng
he st eps omhepsyfeaeiias esil T Sen SeakBl spldet it dne kohe iR TorfalBn 4
deposi ting %n@%i%&eﬁf@tbﬁhbtﬁhd Sfpogitd.he first metallic I ayer, wherein the
-first and second netallic |ayers are substantially formed fromdifferent

materials; ~ 5 (Wugqﬁefb??i‘é ass.aam@lt&?romé %rbﬁ.eheém&rambefsmeﬂrﬁméﬁamg
poi nt on the second neta I ayer d) heating the gers and sol

mat eri al at aadttbepm@rlum clipwe compoment sugstpaierwhnoln su eta@tialrbternhim&etheal

t hereby causin e .seco [ t with the sol der materl al
and fornPa ASHA E) ‘?W&&UBH%OF%%‘??:}SF% rfdc ev&srghet he first netallic

| ayer; and (e) heating the layers and solder material at a tenperature

bel ow the nelting point of the solder material, thereby converting the

noncont i nuo inter tallic layer into a substantially continuous

e
i ntermetall MM@—Q@@’—‘H r st rretal lic Iayer and the substantially
continuous inter c layer, conpri t he ered bar ructure of
t he i nterconnect H’gr’f‘ #'rtsﬁé‘sgﬁ F%PF% ‘%ﬂtpﬁlﬁm |dieﬁt%mﬁ§[13$|fpr QraVg apeij ng
capabl e Of Bih%tra"ﬁtb?édr%ebﬂd% bhbvmg o) REBRIP CHARRS! lstmcméwema thgthoal der
mat eri al the first netal ayer and between the solder material and

t he subgor atoemprISBWQDH”@fsieabbf/) the first netallic layer at least partially
conprises a first metallic material and the second netallic |ayer at |east
partially cdapri slepoaitingeofingt metallic layemaner sulbstrateef er abl y, one or bot h of
the first and second netallic nmaterials are 5 netals or netal all oys.

Pref erably, (bhe sha@oa'rlﬁngfa set¢and metallic kyer ondbe fiest r(\ena)llioollayealwmreinrrtf@Pd

and the sol der rial at ast, partial | rlsst erably,
the first metal | festhand spapndmpelie; bydrs e SUBaRARN. kmiad ham ERIFORY »
Ni ckel alloy. Mrngatafigfser ably) the Nickel alloy corrprl ses Nickel 1o

Vanadi um Preferably, the second metallic |ayer conprises one or nore

netalligs (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) heating 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.



| ayers. Preferably, the non-continuous internetallic |ayer at |east
partially conprises internetallic nmaterials selected fromthe group
consisting of: 15 {a) CusSnS; (b) Cu3Sn; (c) PdSn4; and (d) PdSn3
Preferably) the continuous internetallic |ayer at |east partially conprises
20 internetallic materials selected fromthe group consisting of: (a)
Cu6Sn5; and (b) PdSn4. Preferably, the céntinuous internetallic |ayer
conprises an undy ating continuous internetallic |ayer. 25 Preferably, the
Srep of heati ng Thateraiur dhe, S Bretalic Vet 2 iege! Bbflalyorambiass sttt he
mel ting poi RfetalictMateTRll &Ad ! Sé¢cid RRIAMNIE 387er8RIdaR0 phtfally2ddhprisey a
~solder material at a first prescribed tenperature range for "a first

prescri bed seaengeeatallic materigk ef erably, the first , prescribed tenperature
range conprises tenperatures ranging fromthe nelting point of the sol der
material up to alfseteraldlgCoabovrebotheofrithe ifingf and reecond tmetadlisl thatenials eareal .

More preferabl th i r rescri bed tenperature range conprises
tenperattre ?tél?g rdﬁe{qjgﬂ#){sﬁe s nelting point of the solder material up to

bout 50C ab Lt int, of the sold ial . Preferably th
fret presor bed AFIERHY, B Sony Pelimaferatls G iy ap PRISHARL IR 1°
second {0 16RdReapfifer MaEAaPaabasiRinialyl Gfmbhised ip(Sepr | bed tine peri od

conprises tine periods ranging from about to 70 ~o seconds. Preferably,

the step of heat imgrdrBSly! B¥LTifst 3nctafiR! HRkerBRN1685t Fartially RORRPIREYNick&l oW
the nelti ng'(ﬁm nt of thé solder material conprises heati'ng the layers and

sol der mat eNBI omta Alickat Allwypr ddarei peaferabiy cther Nickel sallgy comprises dNinkel
prescrig d t\}sa‘r:@ riod. 15 Preferably, the second prescribed tenperature
range c ﬁpr' eratures rangi ng from about 100C bel ow the nelting

atorial . Nore praparanpy 1, sefobd heBElAvehReRuescing R B8t Fhealie sopn

sol der, the|gggend prescribed tenperature range conprises tenperatures
rangi ng from about 100C up to 20 about 183C, just below the nelting point

of the sol der naipgeferhblyPrtabenahloontinhli6us eiresithadaiRe C ldyee dat | [8BstP artpsll
conprises tinme periods ra&%l ng from1l hour to several hundred hours. re

pref er abl y, cafyiiserdnteomatalliomatarials selepied fsern thaoseun eomsistingef: der, the
second prescribed time period conprises about four hours and the second
prescri B8d f@hper@tsSine 25 range conprises about 175C. Preferably, the
substrate cogprises one or nore of:

CusSn;
(c) PdSns and
(d) PdSn;

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

(@) CueSns;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.



(a) acircuit; (b) an electronic conponent; (c) a chip; 30 (d) a chip pad;
and 5 (e) a substrate pad. In a second aspect, the present invention
provi des a sol der interconnection having a |ayered barrier structure,
formed by the method s according to the first aspect of the present

i nvention. In a third aspect, the present invention provides a sol der

i nt erconnection having a | ayered barrier4structure conprising: (a) a first
metallic |ayer h

. i | ower, and. upper sunfaces and being joined at its
Tover surf abe. t o PreiaRly a8 " (b Reedttioaf T TR el e | moBRsER 1 ¢
l'ayer havi ngempuRrituRiRCrapBRRY fromr thaGRsItiAGhdist GltheCddIgér Matéria Upoteabsutr f ace
"to the netallic layer's upper surface; a solder material having

over and uPorCsibaadbs metng oy qfdh?ggﬁi@g(;n)waitsriablé Vote.profartisdhe drsine
subst ant © al ISetHER JaBBinEs rafGe; chMpalEs “ldriprelieh PADYS Pmy g i

structurg oiméitieg poirtiof eienecldep matéd (i osalsdliti50°Cyatsevet theuneRing point of
intermetal lic |ayer being capable of substantially inhibiting an adverse

reacti on beth@e&aldermaieliadler material and the metallic |ayer and between the
solder 20 material and the substrate. Preferably, the substantially,

conti nuous i nt er fsetarably, 1thg efirst spreseriked Hime (Bgriek MRISRS dime iipds

netallic la - ' b G r ei e fl n nd
metallic | aﬁ'ﬁ%'ﬂgrfégﬁofrahég{ f‘?%ﬁd%"? fCt ar Zgﬁ 8?% e;a:éal er 6%b)okgég%bsl 't ﬁ%%ﬁe
sol der nuat eprascribad thmpeapetidd Terhprksitirge peeritidsorarigig Aons eabont 30etal70i ¢
| ayer; (c) heating the layers and solder material at a tenperature above

the mel t'PngSEEPRES-of the sol der material, thereby causing the second

nmetallic layer to react with the solder materjial and form a non-conti nuous
internetal |ic | aydefesablyndneistep akhgpling thgylayergand sglder material at a

temperature below the melting point of the solder material comprises heating
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;
(c) a chip;
30 (d) achippad;and



(d) heating the layers and solder material at a tenperature bel ow t he
nmelting point of the solder material, thereby converting the nonconti nuous
internetallic layer into a substantially continuous internmetallic layer. 5
Preferably, the substantially continuous internetallic |ayer at |east
partially conprises an internetallic material. Mre preferably, the
intermetal lic material conprises CusSn5 &r PdSn4. Preferably, the nmetallic
layer at |east partia*l nprises a nmetal or a netal alloy. Mre
preferably,&%he L%Pr?§3§§ er at least partially conprises N ckel (N) or
a Nickel alloy. In a fourth aspect, the present invention provides a
| ayered barrier structure for a solder interconnection conprising: (a) a
first netallic | aye havina | ower aﬁgeup er'§ULfaC s and bejng join at ~5
t

its | ower surfac tra S969pY BsPect, ( BreSeEudRYEMANL PPV i usqeer

i nt er met al | jrtefcARABCHA RN W layEtdd UBRRer SSFIQGRS RRteBebPOtHeOinidfodt its
| ower surface to the netallic |ayer's upper surface and at its upper

surface %o acewding torthedirstaaspechef thetpresent invghtiorand t he substantially
continuous internetallic |ayer conprising 20 a |ayered barrier structure
for a solder interconnection, the substantially continuous internmetallic

| ayer bei ng capabl e of substantially inhibiting an adverse reaction between
t he sol der mat er irab thind aspecththeapiesent iyventiomgrdvddes arsoider istercnnectionr i al
and the substrate. ZSWBﬂrou. hout this specification, unless the context
requires ot RBYRESRYE Wf'grs@%tb'ﬁ E@TPN8IN%y ar i ati ons such as "conprises”

or "conprising", will be understoad to inply the inclusion of. a.state

ol ement 1 niBger adretmefiiaVE baihaicoup TR pops: sitanss st Beng SR o
the exchgisi on of jignywet difface! BrEslbstidtéeger or step, or group of elenents,
i nt egers or steps. 7 Any discussion of docunments, acts, materials,

devices, aripycleqg snbdthRtidllykBoNtHUDUshRterdfRAIliL Nal e Pdving [dWerPARS Qilper
specification is solely for the purpose of providing a context for the
present inventi osurfaces @andobeing joinachiatiitsalowen suifacssiwihe maetallioy layer'al | of
these matters formpart .of .t prior art base or were 5 comon gener al
know edge in theuppgfaﬁrlf% ee\?ﬁﬁt to the present invention as it existed

bef th i orit te of. h _clai mof , thi licatipn. ln. .t hat
Che present (e sesieaterfirnd (s fir hod: Sises HictPemplafpd Eutur
be deschgsbed W t pwe firkitedote iMtermhéetallievayer Sugyériffazed exanpl es. 10

Brief Description of the Drawings Figure 1 is a flow diagramillustrating
the method ty niedsllic Ryeh an@lthe substaftisifnestinues iteimetallid layer esipasinger
structure according to the invention; Figures 2-7 are sequenti al

cross- sect i Halayerefkbairefstryctuse b threintansoppeetiars dhe substantialinepntinuers
accordi ng t gyl RfetIRich8ferCbeihB CdpabhEBE s!BMERAIR Inh¥hg an adverse reaction
between the solder material and the metallic layer and between the solder

20 material and the substrate.

Preferably, the substantially continuous intermetallic layer is formed by:

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

first and second metallic layers are formed from different materials;

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

25 second metallic layer;

(c) 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



Figure 8 is a cross-sectional side view of a further enbodi nrent of a sol der
i nterconnection having a | ayered barrier structure according to the
invention. 20 Detail ed Description The preferred enbodi nent of the nethod
for form ng a solder interconnection having a |layered barrier structure is
illustrated in the flow diagramof Figure 1. The steps illustrated in
Figure 1 are also described in 25 detail ®below with reference to Figures

2-7. Referri first.l o Fiqure 2, t first.step involve r Qi di a
eubstrate 1@hon aared e Bcr soleromtd il o WapsEuE Helow e’
substrate may ta'ﬁ@eliiﬁ@ {)@ihfné’ff tRe ChblaBF tmafdtiat! eRE/EDY CoRPEMAGEMe Rorkhi P
a chip pad or a substtate pad. 8 The next step shown in Figures 1 and 3
i nvol ves deposi t icogtinueuy intermetalliallayer imtayasulsstantiallyecantipsousirdenmetatics

first netallic I?%)ferr is a netal or netal alloy and is preferably nickel
(Ni) or a nickel eloy such as ni ckel vanadium As shown in Figures 1 and

4, th t st ' I it 4 a b . d. metal.li. th
first mobal 11 c | EyierabrBSr srbttanfa SeBBCRas arvretale, LOEF cab 80e abi y
formed of diekRaIRNionisds ah torfhstaiRGABbrRR! AUtbieplokiebhe wlirlohRemiieet
or netal alloy and is preferably COE8e4r5 (Cu) or palladium (Pd) deposited by

sputtering. MatesabeFMPHsEs GUsSits or the next step involves depositing
6 a solder material 7 on the second netallic layer 5. The solder naterial
has a defined nelRrefejablyi the aetallic layen etidgaspapartially gompises rometainof 8n) .

i gur o 1 aiteE! e PR Hrfiratif. fhe oharaliR e eE P et lafy ety
mat eri alipat Nicke?fNpata/NRkabaiks. t he nel ting point of the solder ~ 5
material. This heating step causes the second netallic layer 5 to react

with the solder material 7 and to forma non-continuous internetallic |ayer
9 on the first netallic layer 3. Wien the second netallic |ayer is nade of

Cu and the sol defnnatfauith! aspctUERS praserthveation Qitolidesus lapbrRid Baflidr C
| ayer 9 is nade up of Cu6Sn5 and/or Cu3Sn. When the second netallic |ayer 5

i s made of PBHushieforea seldepinieiconneelioneomMpEsiiges Sn, the non- conti nuous
intermetallic layer is nmade up
(a) “afirst metallic layer having lower and upper surfaces and being joined at

15 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;

the metallic layer and the substantially continuous intermetallic layer comprising

20 a layered barrier structure for a solder interconnection, the substantially
continuous intermetallic layer being capable of substantially inhibiting an
adverse reaction between the solder material and the metallic layer and
between the solder material and the substrate.

25 Throughout this specification, unless the context requires otherwise, the
word "comprise", or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group
of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.



of PdSn4 and. PdSn3. As shown in Figure 6, during this heating step 8, the
non-conti nuous internetallic |ayer takes the formof a series of

scal | op-shaped formations 10. This heating step 8 is performed at a first
prescribed tenperature range 25 for a first prescribed tine period. Wen
eutectic SnPb solder is used, the first prescribed tenperature should be
around 220C (40 above the soI der mel ting Tpoint). Qther tenperatures above

th | d | t t ff t t d bet th
Toralli el ayer 5AGHssEH it 05, HESEE ceibad aticem e Pl ER or s
have found tfiaéh ABs DlebAGhEIMBed int fHe Pre8BRf sasifidatith |§@olé%éfd?dhé %uﬂﬁbéeoofﬁo

seconds. Other tinme periods may al so be effective. cause the
non- cont i nudvievidingeaneaniext for prasend inventiomat ithipwetitaebe taken @s @ns of

"t er connecEOIENRL A 4EnPLPeRaraiarbiai BEbrhe o Bl Eft e g ween
the sol der fmhﬂﬁbmge?\emd(ﬁd\?ﬂedgé 1\ thieetieldl televarit @6 the preskriMiavenition as it
substrate 1. If 5 left in this state, such reactions could occur during the

manuf act ur i R¥isie@betase dhe aupntygdaig@f@achﬁ@lmfﬂbﬁ@nphaa@mom d lead to a
weakeni ng of the solder joint. However, the internetallic layer is not left
in this non-cont im@sder Halt e prasent quﬂmmaydbenfr@rg ey hnggsstood,
internetal |i r t I8

and 7, the g?('lte%sé?efomﬁs \'Qﬁ b% Cé&%?é‘&m?gfoggrb%w ves {é‘{&mﬁpﬂ‘@hgﬁ ayers
and sol der rexaenpled. at a terrperature bel ow the nelting point of the sol der
material. This step flattens out the non-continuous internetallic |ayer 9
into a ggbstantially continuous internetallic |ayer 13. Dependi ng upon

whet her the second netallic |ayer contained Cu or Pd, 15 this continuous

i nt er met al | iBridf DedycripBomvof the Dedwidgs ei t her Cu6Sn5 or PdSn4. As shown in
Figure 7, the continuous internetallic layer 13 is an undul ating

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
15  interconnection being formed according to the method of the present invention;
and

Figure 8 is a cross-sectional side view of a further embodiment of a
solder interconnection having a layered barrier structure according to the
invention.

20

Detailed Description

The preferred embodiment of the method for forming a solder
interconnection having a layered barrier structure is illustrated in the flow
diagram of Figure 1. The steps illustrated in Figure 1 are also described in

25 detail below with reference to Figures 2-7.

Referring firstly to Figure 2, the first step involves providing a substrate 1
upon which the solder interconnection is to be formed. The substrate may take
the form of a circuit, an electronic component, a chip, a chip pad or a substrate
pad.



continuous internetallic |ayer without any points of contact between the
solder material 7 and the first netallic layer 3. The first netallic |ayer
3 and the substantially continuous internetallic 20 |ayer 13 make up a

| ayered barrier structure 14. The continuous intermetallic layer 13 in the
| ayered barrier structure 14 is capable of substantially inhibiting an
adverse reaction between the solder natefial 7 and the first metallic |ayer

3. It also is capable of substantially inhjhjti an adverse. tion

et ween the ol dAPSHARATEP St adubSol Bkt 3a0avas bt o B g
12 the | ayenfetalnsl 15@r deon tRé 8Ubstratat1. 2 ThRMEE Aldtafic ha)aivis tahmetd dri metapoi nt
“of the solder material preferably involves heating at tenperatures ranging

. aply | ! .
from about atbwcandisopreferablyenickeldNbara niskek alloyssicheas migkelvagadiumt o t he
mel ting point of the solder material. Wen eutectic SnPb 30 solder is used,
t he heating tenpAsashovwen finrFighres 4t apdi4 theenextablep iyolvesidepesitingd@ Thi s

sever ai’ pungpeatracRRP B T b sk EReEBcld o DTR Ak skeBFs"
have found nurdliGelayerng asé epretétably ebrihvesd iofediffereriti Megeri@isgi Mhe rsebAd hour
to several hundred hours, dependi n? upon the tenperature used. One suitable

exanpl e ti metallic {ayesshauls ke adngtal ws metaballayeand igprederaply corrar{Sus ogt
175C. It w Eéué%ﬁuﬁptpfozgiegbgﬁlecj ngphﬁl "ig)regoi ng di scussion that the | ayered
i b stanti al’

barrier strlcture’i's 0 su idl’'ly inhibit undesirable reactions
between the Sn iR.t |, deg. eyl 0 f i yer and
the chip circui tﬂrsfe a ﬁﬁr'@?'?%ﬁwé %h z?’(rjtg{éehg)ét;gf;elphh{v?;vte |§§£é‘l?§f'ﬁ'ﬁ go?der
i nt er commecsolder heaiterdl ootk sgcdnd trhetallicelalyed5wi The coldeérrmeatdrial egea good

electrical copductivjty and majptain its nechani ¢cal strength for .| onger
per ods. ¢ hafeiemalind sgimend (¢ & BashBereUInads o R (i SHE2pY. -
sol der i nt egep Hélthféfbﬁ!ﬂYé ggigeq?ﬁ%ggempﬂ Qﬁ%{'/l er structure which is forned

according to above-descri be e a ~ 5 nunber of features. The
i nterconnection Wl | t@lihd i ' I8 thé

upper 17 surfacegsaér?g%yﬁ Iﬂiggh{s;? r?gg Bgtth?ﬁgkf%t\%grlﬁgﬁ?géa@ga{i to tﬁl’ae)?é?g
substrat e landhsolder svatemaleat actempdratunevabaves thss neltingipojntcoithen solaer

i nt I1ic.l 13, whj.ch al h 1 d.. d i
ol ned 1 1 ratple TS PRl s e RS 18 SErolf tlaus B T F L PR 'S
llayer 3. 2osdider Htenglon aad ito Formiiad horlcoAtiMa(Rs dtsriledgllic T@je?d éh the Riasti ng
| oner 20 and uplger 21 surfaces, the solder material bei ngld oined at its

2

| oner surf apetallic layeride Wheer thewsecend metalic layer isnmadensaf 41U pod|thg spldes. | n
this form tallic |layen.. 3 Lal iau

internetall Hﬁ?@@e‘ C‘i}gggo%{b'r |{hsee n?ﬁ%ﬁ“ﬂﬁ%?%%?@gﬂ{r\%@”%la&%Pu'rg e'%% ®ofP tqr];e

i nt er connecGug8ns ahd/os CusSantWheh yhe? Secaritd imetallic layer risetadd ofcPd andrthé3 i s
able to substantially inhjbit an %dverse reacti ogn between the sol der

mat eri af0 7 Spldef ReatrHakinCiudes Rk thg NAHCRRINKOLS ipigEme lrh‘“eiayﬁét'%f‘?aéfe %P and
the substrapepdsnl bnWiPdsme appreciated by persons skilled in the art that
numer ous vari ations and/ or nodifications may be nade to the invention as

shown in the 30 egh Al i TRN S WHL reded f AT el
Scope of the i nvancriwE IRIGUIGTEN i IRt helfRTIEDS, theTdrRuritiols
al t er nat i veindetroetalieriayeritalees the fermuofa Seridseofssdallep-shaped dommationisot. may
i ncl ude an adhesi on | ayer 15 between

This heating step 8 is performed at a first prescribed temperature range

25 for a first prescribed time period. When eutectic SnPb solder is used, the first
prescribed temperature should be around 220°C (40° above the solder melting
point). Other temperatures above the solder melting point sufficient to induce
reaction between the second metallic layer 5 and the solder material 7 may
also be used. The inventors have found that an effective first prescribed time

30 period is 40 to 60 seconds. Other time periods may also be effective.



11 the substrate 1 and the first netallic |ayer 2. This adhesion | ayer 15
wll normally be applied to the substrate 1 before performng the step of
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, 5 as long as they are suitable for reacting with the sol der
material 7 to formthe internetallic mat8rials which make up the

non- conti nuous 9.and coptinuous 13 inte ayer The,.prese
orbodt ment s ar e, BERErET BienoRsopdriuc Fidladans faye s dipt ERLSTE Here
i 11 ustrativargpdint®of cehtdct 841 betweenkBe otddrsB ahd the MRéthORLAINS IdyeF Bl NP a
“sol der interconnection having a |ayered barrier structure, the nethod
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defined nelting point on the second netallic |ayer; (d) heatl the | ayers
and sol der RROBFiNGUSS Oatheew@paﬂﬁmtea%md I'%afilr@ ?lVM@a 06% he iseldes| der
mat eri al , b I I
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nmetallic | apet is ’aanlsfommediuelatblalgontlmdwmtesrnmtdlllsdaym'rbyrbtteaste@ls ddscabed
terrperature | ow the ~5 nelting point of the solder material, thereby
converting PA®%oncontinuous internetal I ic | ayer I nto a subst ant lally
continuous inter t he f| net a c lLayer an

| | |
substanf®al Iy co% %UBIQE %Y%‘rrﬁ%t Ialnpc NeXbFHTR &7 ﬁg tmégqrﬁfg%hﬁgr rier
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internmetallic |ayer bei'ng capable or substantiall biting an adverse
reacti on betwadting phmt%Ithbﬁolt@’enatﬁrlahnahmﬁeplflatthsmLﬂIthEmdmwrtlmnds
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or netal alloys. 13 4. A nmethod according to claim3 wherein the second

netal | i c maSBPWAl in f'%ﬁp@r theugontinuoats| Kiemetaltig) |3élﬁﬂ1?>h§ &b yedulagingr i al
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The first metallic layer 3 and the substantially continuous intermetallic

20 layer 13 make up a layered barrier structure 14.

The continuous intermetallic layer 13 in the layered barrier structure 14
is capable of substantially inhibiting an adverse reaction between the solder
material 7 and the first metallic layer 3. It also is capable of substantially
inhibiting an adverse reaction between the solder material 7 and the

25 substrate 1.

The step of heating 12 the layers and solder material at a temperature
below the melting point of the solder material preferably involves heating at
temperatures ranging from about 100°C below the melting point of the solder
material up to the melting point of the solder material. When eutectic SnPb

30 solder is used, the heating temperature for this step is preferably about 150 to
175°C. This heating step 12 may be performed at times ranging from about 1



6. A method .according to claim5 wherein the N ckel alloy conprises N ckel
lo Vanadium 7. A nethod according to any one of the preceding clains
wherein the second netallic |ayer conprises one or nore netallic layers. 15
8. A nethod according to any one of the preceding clains wherein the
noncontinuous internmetallic |ayer at |east partially conprises
intermetal lic materials selected fromtH& group consisting of: (a)Cu6Sn5;

H
b) Cu3sn; 20 dSn4; d) PqsSn3 9. h i i th
brecedi n RS arspet hudrel iy, o JuREh: BteBHE H16 e der Y 888 fhe '
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- consisting of: (a) Cu6Sn5; and (b) . nmet hod according to
any one of bhewr for severahfundegdvhoysise depanding eroen ithridervperateienesed. i@ne ayer

coording 1 Butge sahtfe A oY IeRpRAGLTAU hEVSTYUE heatng dor SNPRELS

the |l ayeg s ani7a°@.der material at a tenperature above the nelting point of
the sol der material conprises heating the |layers and solder material at a

first prescribed|ttWwilpbes adppreciatstd fron®the foi'é%jin?_fcﬁméshﬁﬂ thatmtheP iyiepsld 10
12. A nmethod according to claim11l wherein the first BI’ESCI’I bed tenperature
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terial (R L 0. Qf . | Al . A
e e e B RN BB R B,

range conpr metslurgyirethat substratebgheathfthatlaybe Aeddidergntsrcorineztiohlfermed der
material up to 50C above the | ting, point of the solder material, 14. A
ot hod HbeoReFATEINGGO- miedied vl soitifUe: 0 b SaRe eleelealcbnasvity: 484, | bed
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15. A metho accorztlgng to 8 alm 14 S{/\/ner(gi nnphenéi Irst presc‘?iI bed ti(r)re peri od
conpri ses tintercppnectitnst angi ng from 30 to 70 seconds. 2s 16. A net hod

according to any one of the preceding clains wherein the step of heating
the | ayers and sAbdhowraineFigare @t assalderiatarcanrediiondvaving antayeredgbamient of

e el SRS WL 58 SREbRAng 6 AN S BeR e E b &1, °
15  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
substrate 1. 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 The interconnection will also have a solder material 7 having lower 20 and
upper 21 surfaces, the solder material being joined at its lower surface 20 to
the upper surface 19 of the intermetallic layer 13. In this form, the metallic
layer 3 and the substantially continuous intermetallic layer 13 comprise the
layered barrier structure 14 of the interconnection. The substantially
25 continuous intermetallic layer 13 is able to substantially inhibit an adverse
reaction between the solder material 7 and the metallic layer 3 and between the

solder material 7 and the substrate 1.

It will be appreciated by persons skilled in the art that numerous

variations and/or modifications may be made to the invention as shown in the

30 specific embodiments without departing from the spirit or scope of the invention
as broadly described. For example, in the alternative embodiment shown in
Figure 8 the solder interconnection may include an adhesion layer 15 between



15 17. A nethod according to claim 16 wherein the second prescribed
tenperature range conprises tenperatures ranging from about 100C bel ow t he
mel ting point of the solder material up to the nelting point of the sol der
material. 5 18. A nethod according to claim 16 or claim17 wherein the
second prescribed time period conprises tinme periods ranging fromabout 1
hour to several hundred hours. 19. A netHod according to any one of the

_precedi ng cl,ai ns erejnt subsirate copprises -qne or, nore of : ).
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i nternetal | bs lbry a6 they iang suitalie fandeamingr witly tise sbriee snatedabgitodoimithed at
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barri er strincallrespettst deeillustrativeosmd oot @stridtive. subst anti al |y conti nuous
intermetallic |ayer being capable of substantially inhibiting an adverse
reacti on between the solder material and the netallic | ayer and between the
solder 5 material and the substrate. 22. A solder interconnection according
to claim 21 wherein the substantially continuous internetallic |ayer is
formed by: (a) depositing a second netallic layer on the first netallic
| ayer) wherein the 1o first and second netallic layers are fornmed from
different materials;



(b) depositing the solder material having a defined nelting point on the
second netallic layer; (c) heating the layers and solder material at a
tenperature above the nelting point of the solder material, thereby causing
the second netallic ~ 5 layer to react with the solder material and forma
non-conti nuous internetallic layer on the first netallic |layer; and (d)
heating the | ayers and sol der nateri al at2 a tenperature bel ow the nelting
.point of the solder material, thereby converting the nonconti nuous

i nternmet al | Kdaimsyer into a substantially continuous internetallic 20 | aye
r. 23. A solder interconnection according to claim22 wherein the
“substantial ly codt nethnd formfoeming aldadlder iafercornedtioashaying i klyered bapiarses
an interrretallic ter b 5t é A sol de i%}terci{)nnection according to

cl ai m 23 wherei nS ‘étuf‘?‘r B eethPe icomprising BAPPl'ses cussn5 or PdsSn4. 25.

A solder interco nect cor dj 0 an f.claine 21 to 24 wherein 30
the metalli i:al ay ppgfl 'T‘%Q I'S‘yp'gr'a qqlg:, Hta}'eEB%/rﬁr @é Serret al or a netal alloy.
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first nmetallic |ayer havi ng ower and” upper surfaces”and being j ol ned at
its |ower surtacenaterisissubstrate; and (b) a substantially continuous
internetallic |layer having | ower and upper surfaces and being joined at its
| ower surfaée) t odepesitiegah| $cdderaymtedah|hpaingsar flefieechrmiellingi peintipgrerthe
surtace to a sol der teri the netallic |layer and the substantially
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and the substrate A nmethod of form ng a solder interconnection having
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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. A 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. A method according to claim 2 wherein one or both of the first and
second metallic materials are metals or metal alloys.
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15 8. A method according to any one of the preceding claims wherein the non-

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

(@)  CueSns;
(b) Cu;Sn;

20 (c¢) PdSn4 and
(d) PdSn;

9. A method according to any one of the preceding claims wherein the
continuous intermetallic layer at least partially comprises intermetallic materials
25 selected from the group consisting of:

(@) CueSns and
(b)  PdSns.
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5 11. A method according to any one of the preceding claims wherein 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.

10 12. A 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.

13. A method according to claim 12 wherein the first prescribed temperature
15 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. A method according to any one of claims 11 to 13 wherein the first
prescribed time period comprises time periods ranging from 1 second to 100
20 seconds.

156. A method according to claim 14 wherein the first prescribed time period

comprises time periods ranging from 30 to 70 seconds.

25 16. A method according to any one of the preceding claims wherein the step
of heating the layers and solder material at a temperature below the melting
point of the solder material comprises heating the layers and solder material at

a second prescribed temperature range for a second prescribed time period.
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18. A method according to claim 16 or claim 17 wherein the second
prescribed time period comprises time periods ranging from about 1 hour to
several hundred hours.

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

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

15 (d) achip pad; 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

(c) a solder material having lower and upper surfaces and being joined at its
lower surface to the intermetallic layer's upper surface,
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continuous intermetallic layer is formed by:

(a) depositing a second metallic layer on the first metallic layer, wherein the
10 first and second metallic layers are formed from different materials;

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

(c) heating the layers and solder material at a temperature above the

melting point of the solder material, thereby causing the second metallic

15 layer to react with the solder material and form a non-continuous
intermetallic layer on the first metallic layer; and

(d) heating 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

20 layer.

23. A solder interconnection according to claim 22 wherein the substantially
continuous intermetallic layer at least partially comprises an intermetallic
material.

25

24. A solder interconnection according to claim 23 wherein the intermetallic
material comprises CugSns or PdSny.

25. A solder interconnection according to any one of claims 21 to 24 wherein
30 the metallic layer at least partially comprises a metal or a metal alloy.
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28. A method of forming a solder interconnection having a layered barrier
structure substantially as described herein with reference to the accompanying
drawings and examples.
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29. A solder interconnection substantially as described herein with reference
to the accompanying drawings and examples.

30. A layered barrier structure for a solder interconnection substantially as
25 described herein with reference to the accompanying drawings and exampies.



