fYZeSeFCK(d:6pT.4# *c~~2* MULTI LAYER SUBSTRATE METALLI ZATION FOR I C

| NTE nical Field 5 This invention relates to what is known
as "fli m m;l ogy" in the packaging of integrated circuits and
relates 1n particular to a new nultilayer substrate netallization for use
with eutect '®3¥nPb and Pb-free solders on g microchip. 10 Background of the

I nventyj g to Sem conductor Roadnap, the nunber of input/output
(I/O)mmm mm ﬂﬂrions on silicon chips will increase significantly in the
next decade. |n der t |']%E| i 1 %11-' i BNt nol ogy is
expect ed {&YBni nat e th'gI iﬁéylgal:glsng mar ?&Eﬁ*‘éﬁ?&%@gﬁq Flip chip

technol ogy i s an advanced form of léqpﬁﬁﬁcﬁmcfﬁQnol ogy which generally
solders (1

i nvol ves deposition of a plurality o e. sol der bunps) on
sem conductor chips, then directly bonding themto a printed circuit board
or chip carrier substrate. The sol der bunps are typically fornmed of SnPb.

Each sol der iﬁ gﬁrl]?sﬂ%l Elﬁ deposited on a thin fil munder-bunp-netallization

20 (uUBlI1>). BMs whi ch have been used comrercially include C/Cr
Cul Cu/ Au gnd Al / Ni

Cu thin,filns. flip chin hnol
Chi p-w £ nBa sol derdy ovepfith EolatestB wiid) it khewd AsPelech Sedfbinda B s a"
substrat e t hrgaegBgingeofieegrdted Raduit®bad relatdd iﬁgarﬁédlar@m Rewvaflniflyesy is

applied to area arrays which allow for high | counts at 25 snal I'er

pi tches and rtpstate esalizationor Hee withpuleetinoSaBh andrPhréregroldarsonagt i ve
devi ce areas rﬂ@réccr‘ﬁp Devel opnent of solder flip chip interconnections was
pursued so as to avoid the | ow productivity of the earlier mnual

wi rebondi ng processes. Wiereas in w rebondi ng processes, the bonds are
formed sequentially (which is tinme 2 consumng), the flip chip technique
al l ows hi,gh 1 2 £ %ll (&, to be connected sinultaneously. Flip chip
t echnol 039 t = tai ni ng sol der, such as 93% Pbl 7%&n,

wet tabl e metal t erort B0 g SoRicERe Ru" Rhp BT s RRBbLEN BaiBReBR VAR |
that connect jh@ro@iredttiods vRtgilnecHiesi#iloincida eBigsticaits. in The net detadeynps
are aligned to the corresponding substrate netal pads and then refl owed at

a t enper at ur €rgpoipemerkihis rrauiiemeriofiiptchin technaiogy 4% e¥pesipd te deminaetthe cal
and mechani cgp q@@g%@?&etwfﬂ@@tﬁ%ﬂow the wetting action of the

sol der, driven ace tension forces, will align the chip's bunp

pattern the corges i LT paqg I | i i he

sol der i h?erconnecﬁlﬁoﬁﬁgﬁﬁﬁ?@z&@% Vi 88 fltl.’l glftBH@Q#%Ffom?%hg\%o . the

under - bunp- nmewlich igeatraily iGkdles deposition of a plurality of solders (ie. solder bumps) on
semiconductor chips, then directly bonding them to a printed circuit board or chip
carrier substrate. The solder bumps are typically formed of SnPb.

Each solder is generally deposited on a thin film under-bump-metallization
20 (UBM). Thin film UBMs which have been used commercially include Cr/Cr-
Cu/Cu/Au and Al/Ni(V)/Cu thin films.

In flip chip technology, a silicon chip with a solderable UBM is flipped over
and directly connected to a substrate through the bonding pad metallization. Flip
chip technology is applied to area arrays which allow for high I/0O counts at

25 smaller pitches and reduced die size because solder bumps can be put over

active device areas on ICs.

Development of solder flip chip interconnections was pursued so as to
avoid the low productivity of the earlier manual wirebonding processes. Whereas

in wirebonding processes, the bonds are formed sequentially (which is time-



15 the solder bunp; and the substrate pad netallization. The UBM
structure is typically designed to performseveral functions, including:
adhesion to the chip netallization; 20 formng a barrier to sol der
diffusion and reaction; and wetting the solder and protecting the sol der
fromoxidation. In the deposition and forrr?ti on of sol der bunps, the
assenbly of the chip to the substrate (to foorm packaged conponents) and the
assenbly of the conponents to the board, the sol der bunp interconnections
under go a sercarsuniingh the flip chjp pechrigue allows WighcOtdrel aled déid/Osstartee f | owed
to formnetal | ur icga% (9?3-:'{1?&% The nechani cal strength of the sol der
interconnecti%‘?@ié oq, sPIANEONSVt he strength of the sol der bunp and the
strength of the interfaces ich in turn are influenced t he

et ol Lur i cal | and FHRFOBIRHAGIPGY etk BeBdSad-ConTig SpReEeR A8 | he
sol der and the,AubEACePLMd: B ANSctic 63%SHFSTHPB softfdr iRnpcassosieal ¥ Vo

substantial flip-chip thin fi systens have been 1 n significant
commer ci al5 usepormhelder wettablechetat dersminals an the/ utive/shufase of ke seemitonductosd

by 1BM The second such systemis an Al [N | Cu,system devel oped, by Del co.
These UBM sy < GamiraLnnsE) pomaiend Wefiabls £oAs o7 1T Sty ThRPOTa RS
SnPb sol der s, greegiRpRU tsehd colB8pEnding subsueieanital pAUS A thén PERIU&IEt 44 t h
t he above-nentioned solderlthin fil msystens. For instance, eutectic SnPb

has a | ow nel Enreratire abgyve teeil meding peivty tosimultaneewsiv feren glectricabapdt i bl e
with the Cr/ | QWL N t i ng: t he
CusSn5 10 in%%%’F#%&Egﬁggﬁ%d?%mpﬁ@?ﬁﬁﬁﬁc@%p g)zgscgghﬁgk%égg\%h%gghused
as al ternil i viep stidaée teprsidruforceésiwill blign the obipavburgp pattee fo the ddmespaatiinghat
t hey have a nmuch sl ower reaction rate with solders fornmed of SnPb so that,
therefore, th8URYEREPAF- of the IMCs is slower. For exanple, a trilayer UBM
of AIINi(V)ICu has been used with a SnlPb 15 solder. It has been foqund
that, in such a sy¥timchimiechneiogy: the saldenintareenngctignrysterean beivided

Ni (V) surface; fit [l1ing occurs than has been observed in UBM
structures colr@?selfﬁgog '%%?'— Cu/Cu/Au thin filnms. However, one of the

problens with the abov {( S AiSin are environnentally
SR SR Rl Ry

unfriendly. The toxic I"e er’ngs, 20 animals and the

environmefy are well d%g%%%ﬂgn%?re is a concern that the disposal of

el ectroni ¢ products i ncorpor sol ders can result in environnental

contam nation. Thege i t ; international push to
elimnate | ead from sof@gr%ﬁéﬁga%meg @';;%41 cient |lead-free solders for

use in | C packagi : t i C
SnAgCu sol der bononlxgreie t%cr)B I\Z%t?r‘rﬁ ?f“é%?r’%%%)%}%?ﬂ? ﬁﬁ%%?‘m&%{e{%c ﬁ{f"tgﬁf/\slbr ks
reasonabl y weincluditd:hough spal ling of the | MCs was observed after about 20
refl ow cycl es which adversely affected the adhesi on between the sol der and
the UBM It is noted thadhddiorstd theechipenethlliagtimsgi on is greater than that
observed when the solder is formed of 30 eutectic SnPb after a simlar
nunber of2Q ef | ow cycl esforininghadaniierdo Botlerdiffisivednd heactismeandsi ng Pb-free
sol ders (eg. SnAgCu sol der) on commercial substrate netallizations (such as
Cu/ Ni | Au and Cu/ OSP) sulsttimgtthelsotddriamdi protecting dhé sokler frbnaoridaticmunt er ed.
For exanpl e, when Cu/ OSP substrate netallization is used under Pb-free

sol deri ng condi t i omstherdypoditiphadforiation S soliee bumips!, tHecassemioly od shevelsip
observed. This results in degradatjion of the fatjgu ropertjes of solder
joints. 5 Thetae SbsEAI (1P 10/ RACKAGRCECORPANENtshaANG e ASSRTEiof 18 over
reaction bet 1 L d i

Hovever . thi seaBRReRdo AAF Lhbrd Hie LBiddh 6L Ot TPy G S o sBReg of
significdli rhbéaliy pidcessesimeshichrthélsofdeclis pe-flawkd de forosimedalDegical jalntsi
(VM)/CQu uBM It was found that fast, |MC spalling could occur after only 3 ~
57 ef 1 ovs. uheNSTRRAANE SHENGCOVDE FOIGHS RS aeg o Redibiered BLFE. %pb
sol der was appiréfgth dfithé ¥dIddBBLARSHATRE StRehdthof thes Inferfadeey, DicHRi theh are

Accordingly, the present invention is directed to an inproved substrate
met al | i zat i oninfluiebeed by the metaldurgiceband veicipsiitcturalstiucieres @t e intedagesahi ch

is not necessarily ljmt t 1 . s). 15 Summary of the

I nvention Acc@?m%id‘ ‘lth?Sé)‘?%rragq&%%p%ﬂéfa%gﬁg%I@%lhgﬁlénti on, there is provided
a substrate netallization for soldering, with a Pb-free solder or a
eutectic SnPb solder, to a thin fil munder-bunp-netallization (UBM of a Si

die, conprising: 20 a substrate;




a layer of Cu forned on a portion of the substrate; a layer of N forned
on the Cu layer; an oxidation protection layer; and a Ni-barrier |ayer,
between the Ni |ayer and the oxidation protection 25 |ayer, adapted to
inhibit diffusion of NN fromthe Ni |layer to the solder during a reflow
process or during high tenperature storage., The Ni-barrier |ayer also
serves as a wetting |layer during the sol derq ng process. The N -barrier

| ayer generally conprises a thin netallic filmwhich my be fornmed of a
single netal or anO&ertnelaE’taZﬂi iyeatsalohjytwoaétmstmtla*rﬂtmtmpith|ntfhrinsUBNgsysdiem35
I ncl ude coppe

b OE) an.al] o IiEe CubSn5, O h tals &adlum
e o poP e By beBh it sigBlficant Sorpenial wsE-oi be dist vehiSytam Ka Rea i,
formed of Sn, ciycuAQ sy%'terﬁ(ﬁev@dﬂéﬂ%} IBAR! Vhe sbé‘omsﬁéﬁs erwlgta%CAme/@Mer

may be for med of O ganic Sol derabl e Preservative (OS i's generally
preferred thasystae drvaleged by Dedca Tm@@anBMaystamsMnamprpwen to bpeffective

ayor O 1% o HOERAA iRt SnBE ISR respgcliB oy The Q' and N 1 ayers
coul d be el ectrol eiﬁ80r el f\Ct r ol t| C c.thin baryri er

“ayer can be pl at cngie afupuEls o TuReeor aroFideE Miipe Ghuarnepiied

speci fi cati ongoldBl/afis fnhﬁ%y@t@msexrtomﬁgwnbeSembbﬁé BnPY, hds'& loW htkltigpr i se”
or variations such as "conprises' conprising”, will be 15 understood to

i mply the i nclampeyatue (ab@wta‘[thé|b@mnowmtce@@ﬂn0@mmt@dﬁ with te &ufCrof
el ements, int &%%&/A?IUENF% mgré tHEOFaté Bﬁd%?érﬂ%f%ﬁa@[yg%@?(h%@%%ne' enent,

i nt eger or st ep, or ntegers o IFSCUSSI on of
documnent s{0 actrﬁermmamclo@hmoudml(dMs)arMmldbamsed WBKIsIHdve, bedn wdedhas been

included in the presen cifigcatjon, is solely for the se of 20
provi ding a céﬂ‘\%‘]g‘ﬁfw%io éﬁg ’é%é&%“ ﬂmé‘ﬁ'ﬂ? gwin larg%'yrﬁ%fhﬁ? gaogﬁ‘%té'k%ha‘ée an
admi ssi on thap fijgh lew%'r reﬁtnohﬁ%?@wﬁﬁtsbﬁ{e?s ff@h‘?@cf@f $niPh sb*lﬁ PEQEfdb! thease
or were conmon general k edge 1n the tiel evant ﬁe pr esent

i nvention as spaling of e WdCeiseslower.priority date of each cI aimof this

application. In order that the present invention nmay be nore clearly
under st ood, the 25Fpr example, adrithypr B\ o€ A/NIMIECONhas been wsed withna SinfPb be

descri bed threfe nce to the follow ng dra s.  Brjef

Descr i pti £ P e it M w0 & Sielelt o Mo SRR 245818 known

comrer ci al Subéhé@t\ﬁe@% RNV} s@Factnand T2t 18sS9pAlRng BEER sithah BES been
observed in UBM structures consisting of Cr/Cr-Cu/Cu/Au thin films.

However, one of the problems with the above SnPb solders is that they
are environmentally unfriendly. The toxic effects of lead on human beings,

20 animals and the environment are well documented and there is a concern that
the disposal of electronic products incorporating SnPb solders can result in
environmental contamination. There is, therefore, a strong international push to
eliminate lead from solders and to develop efficient lead-free solders for use in IC
packaging.

25 Recent developments have shown that a eutectic SnAgCu solder bonded
to a trilayer AI/Ni(V)/Cu thin film structure works reasonably well, although
spalling of the IMCs was observed after about 20 reflow cycles which adversely
affected the adhesion between the solder and the UBM. It is noted that this
lowering of adhesion is greater than that observed when the solder is formed of

30 eutectic SnPb after a similar number of reflow cycles. It has also been observed
that when using Pb-free solders (eg. SnAgCu solder) on commercial substrate
metallizations (such as Cu/Ni/Au and Cu/OSP) substantial reliability problems



6 Figure 2 is a nulti-layer substrate netallization, according to a
preferred enbodi nent of this invention, with a sol der bunp thereon. Figure
3 is a SEMinage of Delco UBM norphol ogy after 5 reflows at 250C with a
SnAgCu Pb-free solder using a Cu/Ni (P)/Au conmerci al substrate 5
netallization. Figure 4 is a SEM i mage showy ng Del co UBM nor phol ogy after 5
reflows at 250C with a SnAgCu Pb-free sol der using the substrate

netal lization of the present invention. Figure 5 is a SEMinmage show ng

Del co UMB rmrqrbcﬂrm:gynm‘reér anexarmplm/whm\ Gu/Q2P Gubstratesmetatlization isused

| d | A b t e et 6 i
2CSEM i e SSTRF BB Se 201daHB Ui PR BB G BvBte e i ¢h
eutectic Sn PQ:o‘iﬁd»éiﬁfdsMﬁbé‘@bé@@eauh?rﬁé AT ﬁbbta%ﬁftlbﬁ b Bhe fdi@uar;ﬁés@mes

invention. 15 Figure 7a is a SEMimge show ng Del co UBM nor phol ogy after
500 hours agigfgolderigiots.with a eutectic SnPb sol der u5| ng the conmmerci al
Cu/N (P)/ Au substrate netallization . Figure 7b is a SEM i nage show ng
Del co UBMPror phol ddie dse ef Caldi/Abaubstraje metatlizaoTraguits in stoweraeaeticnPb

sol der n on t on
Fgure 7o 19 URGeRRE SHAMERLABLR hotfok e o Sk riiE Tk KpNeyBRtpis
hours agi ng aubkbfte metallizibntitas alsbibgendoudnd tdhave biRAIfGARE Fdliabiligniselies he

I nvention 25 A new substrate netallization has been invented for sol dering

on a Si die Hauflingehip packages wsingiele,ANNLEY e $BM. Ihwasi found thatifastiMG | m
UBM K t | i ' I
typi calnog]l i%%&g@@%%g}ﬁﬁﬂa%@rm?: |n § i on%%lb h%vvré séllﬁgr %siﬁpguch a

subst r at ¢OnetWhilé ratheotaseelitedtis SaPbuatddaraias appliedMNi¢W) UBM eonswred

mul ti-1|ayer | 1izati 30 2. This nulti-layer metallization 2 consists
of three IayéPB%IVrﬁ'ér"?Q ﬁﬁrm%emgrs a 7 copper layer 20. The second |ayer
22. This

isaN (P) layer 21 and the third | Au |
i mer si 051 ?Au I Zlyer/g r@agfyﬁer}pnpl!q%p@} " 6@"'@ ﬁ@l’?“?@gﬂség_lr']mﬁpo aé@&b’étq- ate
metal lizati O%Qfallfﬂé’tlén'wa‘i‘kéﬁ'ibe't?se@ éﬂécttlbelrk/EWﬁ{ P?ffge@ %;5'?,@'}3' n@g @&R‘Pﬂ%?io@' ng

a layer of Cu, ayer NI -barrier Fayer
ot her necessarily limited to use with such solders).
15
Summary of the Invention
According to a first aspect of this invention, there is provided a substrate
metallization for soldering, with a Pb-free solder or a eutectic SnPb solder, to a
thin film under-bump-metallization (UBM) of a Si die, comprising:
20 . a substrate;
o a layer of Cu formed on a portion of the substrate;
. a layer of Ni formed on the Cu layer;
. an oxidation protection layer; and
. a Ni-barrier layer, between the Ni layer and the oxidation protection
25 layer, adapted to inhibit diffusion of Ni from the Ni layer to the

solder during a reflow process or during high temperature storage.

The Ni-barrier layer also serves as a wetting layer during the soldering process.

The Ni-barrier layer generally comprises a thin metallic film which may be
formed of a single metal or an alloy. Particularly preferred metals in this regard



metals or alloy filmof CuéSn5 etc), and an oxidation protection layer (eg.
a filmof Sn, Au, Ag, Pd or GSP). This nulti-layer netallization is shown
schematically in Figure 2. As can be seen) the substrate netallization

i ncludes a substrate 1 and a nulti-layer 10 netallization 2. This
multi-layer netallization contains a Cu | ager 20 on the substrate 1. On top
of this, there is a Ni layer 21. On top of The Ni layer 21 is a N -barrier

| ayer 23 which underlies an oxidation protection |layer 22. This oxidation
prot ection | apsludecdppensoran alnlikeaCosSnaniQthemmetalsicssuch, aRealisgtivrh, may
undert aken ingicate at_the inclusion of the Ni-barrier layer in 15 the
substrate net§$§?§%$?%go gdﬁ%ﬁg t he anobunt of N which undergoes any

reaction during t refl rocess. This.barrier, |ayer ,successfull

i bi t5 the 1 avol vaferaieR RroERton ek i pretkibly Plifes ol S6° 2t g Prge.
during the reAIt@l\Halﬂ(/@I?,eﬁr%oﬁé@tﬁrﬂpfdﬁédﬁontla?ersr%g% fofthBd of Brpahic! Sdldelable
greatly inproved. Expérinments have been undertaken in order To conpare the
resul ts 2@ achresgsetivedilPSR).ng a Cu/ Ni (P)/ Au as the substrate netallization
and using the substrate netallization of the present invention. The results
of these conpari soltés gereralywnreferredithairtbe Gu layer,4he Nidaypartandethe Nidardger of
nmetallic Cu fjl f ss than.l -.mwas formed on top of Ni (P) substrate.
Si dies with @%ﬁa&%%éx'mlgbt% ﬁgﬂmﬁﬂ‘&gﬁfc‘i‘é‘ﬁas%%t ectic SnPb 25 sol ders
were assembled to the rr(gdified ubsir? e metallization. Multiple reflows
and thermal aging here CHRNEed MY IR0 48 enbl y. Sanpl es were cross
sectioned and observed under SEMto study the evolution of Del co UBM under
di fferent conditiohs. ANilayarbod wWeda Xwdm Figure 3, when CulNi (P)/Au is
used as the substrate 30 netallization, a substantial degree of spalling of
internetdllic conpbundsNikarier éayesttup tas Irighl ows at 250C in SnAgCu system
This spalling of the 8 internetal lic conpounds substantially destroys the
ef fectiveness of tTHee GB\vand Ni leyersateuldibeceletivoinds phateciobdicydated. (The

Cu/Ni (P)/ Au substrate netral Lj.zatlo orQus struecture red in the UBM
dur i ng L hermal g REITE e NshRbleaydiant B Blatatf breGusRs % i M shtEesn
the substrate netallization,of thi.s invention 5 was used, .the inter allic
compounds. 1 emai nedTEUBNBHH R8P EeicaBnUARIeoR the PoaNt tesuireR GHenRs. Tos

substantial s@ald tddemprfe” & vahaticrBuéh a8 FdmMBridds” r “dOmprdiBgusal 8k t he
substrate netallization of the subject invention appeared to protect the

UEM fr Iom1c5r acungrystaad todmpdy thednaluision efsestatetbelemeniy intrgar ongten, as gspup of f
! _ . . o
hoing at g0 S2ERREEE, 1HReR PRSI ATNAI BlisBn oty Gndt LRefin e

7b, as conpar stépl or yheppsfralements, intbges onmstépg. 7a using commerci al Cu/ N
(P)I Au substrate netallization. The substrate netallization of the present

iAInyenE Iv;)/n Caloes aﬁpﬁay ﬁtsagé?ibntdf@bgwmdntwmts,mgriblgoue\l/idb&/sa, rtiflesforalscla like,I
Ni , Wt oth Pb-free and 15 eutectic _SnPb solders after nmultiple
reflows and | WAKENHaRLRRN inchided indbe REesent sPasifigatiftiveh 8Olsty foRthe RuRosE S e
met al | i zagg onn ;b It nft 1 I i it I - m It

al so ten?sd toplg)&gjl"gg é?ﬂ?)ﬁéeﬁhbﬁ@g?ﬁ'gm{%' I I?% @%ég;ﬂ&ntgsﬁ%%%t ards
consunpt i on oadmissidsBitiat ahg opad of thesenmaltersoiorml ot of tiveerios arhizageoonaereon

of porous structure in Delco UBM durjng.the |ong ti 20 thernmal. aging in
bot b SnAgo. eI ST LyVisgas dhineHeld Felelat b R rEes U nTe ViR

particul ar usgxistedithsfofd flethritfrity Hate 6hedchPagingof tis apligitieh, it al so has
potential for use in CSP packaging (where thin filmUBM are used) and in

BGA packagi ng whi Cify ordePiHRE A biedehe if@niish neabé AdreUediCliftrs®odntiehe | C
packagi ng i ndustry, w thout nodification of solder 25 conpositions.
25  prior art and preferred forms of the invention will be described with reference to

the following drawings and examples.

Brief Description of the Drawings

Figure 1 is a schematic illustration of a known commercial substrate

30 metallization with a solder bump thereon.



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

vari ations and/or nodifications nay be made to the invention as shown in

t hese specific enbodi nents w thout departing fromthe spirit or scope of
the invention as broadly described. The present enbodi nents are, therefore,
to be considered in 30 all respects as illuystrative and not restrictive.

9 Cains The clains defining this invention are as follows: 1. A substrate
nmetal lization for soldering, with a Pb-free solder or a eutectic SnPb

sol der, to a thin Figure 2isiemitqyersubstrateanietallizatiBh) acdordingi todi preférred

i si ng: trate: . | ay. f,. Cu f d ti f th
Cubotrater SmBAMSE ofjnis feiioh, Wit & S hRBE aati on prot ecti on
I ; d 10 L.- barfi , b Ni | d th i dat i
pratect; on |ayer, KRR S8 £ SENBes oh e B BrormRoiBRsAeRS TRIOWagL: 1o
the sol der dudpg with a'dANgOL PEFEe led@FiUﬁqi'h% é‘CﬂVNiKPﬂNG%hHﬁ@rc%I%BQﬁ?teZ- A

substrate netal lization according to C a wherei'n the Ni-barrier [ayer
conpri sesda tmetallizatianl ic film 15 3. A substrate netallization according
to daim2, wherein the netallic filmis formed of a single netal or an
al l oy. 4. A subst rligeretisd ISEMimagesbowing PBglcod)BVlimorshologneatiems réflows

metallic film,is&Qrned substrat.e tal]ization accaordi to
Gaima, wherdimO e sAGCY Prre<sa3ef hifedhe Pubsihameelizabbnt e,
metal |'i zati onprasestridié@tiore any one of Clainms 1 to 4, wherein the oxidation
protection layer is formed of Sn, Au, Ag, Pd, or Organic Sol derable

Pr eservat ive (OSP)Fig_Jre $i§é'l$ﬁl\ﬂ%Qgé%héwmgzBbic%mﬂgcﬁlbﬁbﬁtﬂoé@aﬁ@lﬂ@P&Id@\‘;s
Claine 1 to 6, whereéin 25 the Cu |l ayer has a thickness of between about 5

, : y , : :
~.mand 10 wmat 220°G withs euteddicrenkb solder usinga commeartgial GUANI(P A subsitatgi ns
1to 7, wher %Etaﬁlﬁgti |, layer has a thickness of between about 1 ~m and 5
Vim 9. A substra tallization according to any one of Clains 1 to 8,

A substrate met ar 119de 6 SR InBob WA Rete vBM BoBiRibed rifbliq et
reference to 4tiZpore with 3 butdstiva®nRAg ediden Usingahe dubstratel rheMiERLibAICT thet
substrate netallization according to any one of Clains 1 to 10. 5

. A3. A. AnR. Ay YrasentdnventionayR. A91BR8CFbMp_97KJ} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]6ca\/j ca] ca] ca] ca] cal ca] ca] ca] ca] caU] ca] ca] c*a] ca] ca] ca]ltca cal chal
ca] ca] cT4t Figure 7aIs a SEM image showing Delco UBM morphology after 500

hours aging at 150°C with a eutectic SnPb solder using the commercial

Cu/Ni(P)/Au substrate metallization .

Figure 7b is a SEM image showing Delco UBM morphology after 500
hours aging at 150°C with a eutectic SnPb solder using the substrate
20 metallization of the present invention.

Figure 7c is a graph showing electrical resistance changes over the 500
hours aging at 150°C referred to in Figure 7a.

Detailed Description of the Invention

25 A new substrate metallization has been invented for soldering on a Si die
having a thin film UBM, such as Delco’s Al/Ni(V)/Cu thin film UBM. Known
substrate metallizations include Cu/Ni (P)/Au and Cu/OSP. A typical Cu/Ni
(P)/Au substrate metallization is shown in Figure 1. Such a substrate
metallization includes a substrate 1 on which is located a multi-layer metallization

30 2. This multi-layer metallization 2 consists of three layers. The first layer is a
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substrate 1. On top of this, there is a Ni layer 21. On top of the Ni layer 21 is a
Ni-barrier layer 23 which underlies an oxidation protection layer 22. This
oxidation protection layer 22 forms an interface 3 with a solder 4.

Research undertaken indicates that the inclusion of the Ni-barrier layer in
15 the substrate metallization reduces the amount of Ni which undergoes any
reaction during the reflow process. This barrier layer successfully inhibits the
involvement of Ni in the interfacial reactions occurring during the reflow process.
Accordingly, the solder joint reliability is greatly improved.

Experiments have been undertaken in order to compare the resulits
20 achieved when using a Cu/Ni(P)/Au as the substrate metallization and using the
substrate metallization of the present invention. The results of these

comparisons are shown in Figures 3 and 4, respectively.

A layer of metallic Cu film of less than 1 um was formed on top of Ni (P)
substrate. Si dies with Delco UBM and bumped with ShAgCu and eutectic SnPb
25 solders were assembled to the modified substrate metallization. Multiple reflows
and thermal aging were conducted after assembly. Samples were cross-
sectioned and observed under SEM to study the evolution of Delco UBM under
different conditions.

As can be seen from Figure 3, when Cu/Ni(P)/Au is used as the substrate
30 metallization, a substantial degree of spalling of intermetallic compounds
occurred after 5 reflows at 250°C in SnAgCu system. This spalling of the
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film (ie. there was no substantial spalling) after the same 5 reflows (Fig. 4). The
use of the substrate metallization of the subject invention appeared to protect the
UBM from cracking and to maintain its usefulness. During long time of thermal
aging, Delco UBM also showed integrity structure after 500 hours of aging at

10  150°C using the present invented metallization as shown in Fig. 7b, as compared
to the porous structure in Fig. 7a using commercial Cu/Ni (P)/Au substrate
metallization.

The substrate metallization of the present invention does appear to
function well with such known UBMs, such as Al/Ni(V)/Cu, with both Pb-free and
15  eutectic SnPb solders after mulitiple reflows and long time of thermal aging. The
arrangement of this substrate metallization inhibits Ni from interacting in the
solder-UBM system. It also tends to avoid spalling of the intermetallic
compounds and retards consumption of the UBM. The present invention also
prevents the formation of porous structure in Delco UBM during the long time
20 thermal aging in both SnAgCu and eutectic SnPb systems.

The present invention will have particular use in the field of flip chip
packaging. However, it also has potential for use in CSP packaging (where thin
film UBMs are used) and in BGA packaging which is presently the mainstream
form of packaging in the IC packaging industry, without modification of solder

25 compositions.

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 these specific
embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be considered in

30 all respects as illustrative and not restrictive.
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comprisin
o a substrate;
. a layer of Cu formed on a portion of the substrate;
. a layer of Ni formed on the Cu layer;
. an oxidation protection layer; and
10 o a Ni-barrier layer, between the Ni layer and the oxidation protection

layer, adapted to inhibit diffusion of Ni from the Ni layer to the
solder during a reflow process or during high temperature storage.

2. A substrate metallization according to Claim 1, wherein the Ni-barrier layer

comprises a thin metallic film.

15 3. A substrate metallization according to Claim 2, wherein the metallic film is

formed of a single metal or an alloy.

4. A substrate metallization according to Claim 3, wherein the metallic film is
formed of Cu.

5. A substrate metallization according to Claim 3, wherein the metallic film is
20 formed of CugSns,
6. A substrate metallization according to any one of Claims 1 to 4, wherein

the oxidation protection layer is formed of Sn, Au, Ag, Pd, or Organic
Solderable Preservative (OSP).

7. A substrate metallization according to any one of Claims 1 to 6, wherein
25 the Cu layer has a thickness of between about 5 ym and 10 um.
8. A substrate metallization according to any one of Claims 1 to 7, wherein

the Ni layer has a thickness of between about 1 ym and 5 pm.

9. A substrate metallization according to any one of Claims 1 to 8, wherein

the Ni-barrier layer has a thickness of up to about 1 pm.
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