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WD 2004/ 034460 PCT/ US2003/ 030860 METHOD FOR
ELI M NATI NG VO DI NG | N PLATED SOLDER FI ELD OF THE

WO DMENT4460N The present invention rel ates gener B€T/¥S1003/030860

solder joints and to nmethods for 5 form ng the sane,

PLRRP TR R AING S S A TR RGERAS

and refl ow. BACKGROUND OF THE | NVENTI ON The use of
sol der bunps in attaching die to flip-chip packagi ng
's wel | Known 10 HELDIE BHE INFEKTIGNANd FI G 2 (che
a f FI G
1 TR et B BRI BB an e tioi B 15
formtitgathe sane, g@lielates forqpactdupariygpnethads fonprepating ag Hoger bump
her.ej [ | d which has an 1/0 pad or
meta |25&£gy?gm%mﬁméémaéfﬁégggﬁﬁ A photo pol yner
passi vati on Iayer 17 is prOV|ded to protect the die
from damage. di sposed on
the di e pad, &aht i s ati on (UBM
| aYlgdf usl%f lﬁcli’idd:rl gulﬁpﬁﬁ%&ﬁiﬂmfgmﬁ Jgﬁhﬁ-el?ﬁ pmgghg {szedl l&ibenA
er bha is then placed or on
in thoppy E1G-JPaFIS. 2 s neieh it & meswTeyer |°§Bﬁ§ﬁ)@ﬁr& of HIG,
1) ilfubiRISH o9 I QMo drhdldet fointRY tﬁh@ﬁttﬂs&ﬁn fliféhis Alplistions. As

conp03|t|on sufficiently so that it liquifies). The
shovgpihersin, pale 11 isrrongdad wich basip 549 pag|o dieppd & digpgged thereon. A

photH‘BngﬂEf ﬁa%Lwé%f?&H m&g@% 178 ERFV %I%ﬁ){é@t fH @ BBH cﬁnﬁ%&.nA%ged

ui t Board é er device. 20 There is
metatligatiomi4 i3 dispero enrﬁmdlq padt =m§1 aarUinderBynepMaielizaiion (LBR\D layer

n |
SRS DTN LIS Y50, 50y o
the AR strecmr'eramh isebotddd tp thehinderlyitgidBM thmdgtbafew (@@t idgrysheating

the srf%ﬁafé{ ?oarl?pom oxt Né#{ﬁ%nt tglt oRg n’ﬁﬁ:‘ | 1§s ten % srog%ea b%\{ﬁﬂ ea&: tolf(lf;rlrﬂq h
elecgiesltand metlgadalf doasecsod b&WSqn thadid anda Préartéd @mhﬂtrBoard (PCB) 21
-based | ead-free solders, for various applications.
(“0# Victor exanple, 25 NEM has advocated the use of
Sn ?\@éie BQuferilyl aﬂnﬁ@hﬂﬁtr in Itl%ﬂ‘ drlﬁ:WrQﬂHtg &hilé;ﬂ%old&g that have
conjunctjon, with nost of the ar rodyce
beeny wigfgly usedhip diegttaghsaperatiensvidhigic ew@* disrto |tf@§*&a1?*r@@
env1ﬁJnh‘féMél lgrg’ﬂQHQEth léﬂﬂbaﬁ&ﬁﬁde% pds @ W& &rh & N fl6ial Eﬁctromcs

g£ i cati ons. However ile these tin-based sol ders
ManpEpgaiag Fitiiee (IYEMB@@&?@@@@O@@OW%@ Hicj b sertaim bydzﬁqe@ golders,
and ﬁl att?cﬁlag THAL éﬁgq@ad' ﬂ:@‘e stEbJs' for varioﬂs f@ﬁ&dtfc‘)ﬂé A hus; St‘& gﬁﬁlple

ased on these 30 materi a are often found to
NEMHwe aflvoeaied te gset dfdinAgr € ugé igrsoldpratiew gpastins ssedtip genjunction
wﬁh%é)sjt 819 Bg 9? bgz{rﬁseﬁribg%g? Eo%ﬁ;e (anc? g aﬁsla“? Sﬁﬂeﬁ&bé two oth?r lead-free

consl era ions er’’wor e I ncl dénce
auossosmo 7 pral S1tA g3 §, &6t wave spléq:rmgmpphctahus f or solder joints
d on the is,often

|.al
u n Bg‘éetr ev&lrlv%lhese AR S sglders ha¥e aHmber OF gld\ganta%gous

propetties, they also suffer from some infirmities. In particular, solder joints based on these

materials are often found to have lifetimes that are significantly shorter than projected
lifetimes based on theoretical considerations. In other words, the incidence of solder joint
failure per unit time for solder joints based on these materials is often found to be

unexpectedly high.
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WO 2004/ 034460 PCT/ US2003/ 030860 There is thus a need
in the art for inproved solder joints based on

wo e@doBqee sol ders (particularly | ead-free ti nPOBEESZNN3/030860
sol der s) that exhibit longer lifetines. There is also

Sonrgu ik Fhub Qﬁee%ré]th‘:a QU 16 lﬂaw»eai A1y éaﬁ@ N Bﬁl 1&@ %lae

] Ol nts ese and Ot her needs are he
solderst (hardomlm@r lead-flesstin-hagedisoder ithat e)ﬁlllSUmmvfe@meerEhere is also

In |.at
anee&lt\ll er airgé%ﬁ]o?loféxs %‘ﬁ%‘/m% Jﬁesgpi%g]g ncl’sr "ﬁle% nﬁ%tlﬁpll%ﬁg are
meﬂlg&ﬁmineﬂmddﬁo@@aidschbahhemh ders, such as SnCu SnAg and

SnAgCu. In accordance with the net hod, a dieis

provi ded which has a seed netallization thereon. The

10 seed netal | i ZaMMARY OF SHEINVENTION ses a first

| ayer of Ti W an second er of C.O nd a

or 3r ereimyc e o BoR s RSOl Ghia S gisdabbribe ottt
is pﬁﬁ@ul&fbﬁﬁheﬂﬂkxﬁtﬁﬂdﬁﬂdreé Qol@érs,atiéh a@tSnduessﬁqg MdSnApent W e

t hrough which a portion of the seed netallijization is

accerdpnse aith thymethed, 3 dicdgprogidad tbichibps ¥ seed Bistallizatiqnthergon. The

seedﬂn@ﬁllﬁa&&{ ﬁéﬁ{aﬁ@lckﬂmﬂﬂléeb‘ﬁ @irst BYHEFUIW @la4bdoRA layer of copper,
rising an acid (such as, for exanple, sulfuric

andad,ﬁow)vef@mblly aps a:phomrqsét diseasedh thazeon vbich drsbesh eattesasdite preats at

RSB Sy S KOS 83, S ae g, e
expmteid(sbedpn@ﬁlhmaubh ys etohppwith eeéprcfgmbbrdllu@, tdreous) solution comprising
an ¢ l(f é?choap t%%]ch%mg étt}lrg & sa)ranﬁ §§1§%{31h(mlgcth%l lf'mz xt&m%ge so-Elhlﬁn
persulfdted tméhﬂfdbnnlﬁg)ﬁmﬂieﬂ sezd nfqualBfagiv@mbAy uhdeadurhp me)alhzstlon

| ectropl at onto. the UBM .| n anot spect
o R BTy fiteists e i e AR e sesd 20
metilizitidnh @hewiafted, ths’:ii pﬂéferablgr rinksaviidedbidimed faten, ang@dolder
netal lization, Iﬁed on thi} seed

COmROPISPR (RFefesaBly, leaérfﬁ’ebls F@ﬁ'&o giebontd hgetPMonposi ti on

di SRQR&HerQBpeLE nidB f&%hﬁ%%otmmas ﬁxlolvidédit In@Bcdr@anten
et ched and possibly rinsed, and t UBMis etched with

witly the sahade die damrpyified haying A seadh THC@H%P“QH’ sy BMi digposedson the seed
meéﬁﬂzgt?cfn gﬂd%leé@frée@%ﬂeﬂéo%%ﬁﬁ@ﬁ&%@d td@e dipa. Bckebde

der conposition is ref 25 In still another
metaglp@tmn is @ewet‘phrd@nﬂ mssqzblyathﬁ@ as@ thedfBMis eichgH avitgha solution

a o HleStid, §nd ¢
“g{ ovE gﬁgMd 2 %[Ptﬁ%gieg Fsgld@f %&d]gsposehaﬁgde? eon. A seed.
soldretahposztmumﬂowedf ormed over the die pad, and a
phat o-def i nabl e po ed_qver.
rre?lal 11?Z ac{theé ﬁspeclt a mgtﬁe CE £dr glxgm% a(b?er g)n 3Id§f’ s, ﬁn%@lde
accp@hiice rwigithaumekhed yad&ed piovided eatod hana dia }pext dhsporsed/\ﬁhem:bn A seed

T O T T TR .
seedBicallllzad&d. iTHe ph&o-@éﬁl’ﬁ%@ﬁa polyinfier & tBed Ihl’lttbmﬂd SEposed Rgcrédie an

acid and an oxidizer whi c prefe abl
h%/c}liléhe exposed

apeEPie T cherpessp pdpast 4 gor&lw@?ftgg?M@e@ Psiatlize

porB&Eafe seed metallization is etched with a solution comprising an acid and an

oxidizer. A UBM, which preferably comprises copper, is then electroplated onto the etched
portion of the seed metallization, and a (preferably lead-free) solder composition is

electroplated onto the UBM.
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portion of the seed netallization, and a (preferably
| ead-free) solder conposition is electroplated onto
w0 b@40BMb0 - 2 WO 2004/ 034460 PCT/ US2003/ 030860 PETIUS1003/030860
anot her aspect, a nethod for electroplating a solder
co r.o e
?ﬁ&gi énoﬁ{ér @Fc‘% ﬁe{étﬁ%cfjfoF ggcr%ggﬁgﬁﬂ‘%ﬁﬁeﬁ‘%ﬁl OSétgogl s
provigddallh acxatdatm: \dltlstp@meﬂhodl henbwnate ifheviieddhitehad d dezdit | on

metgfRoa0R Bispesed Bigrens, TnhsR Ome bl SRR RO R ARifoy ™"

comtphan§ e akid ndwtxididez, ahdi 9 BoppdEBMI i@ BRcRipIREd @RPee keedof
E present disclosure are described in greater

mety %aéllop bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS 10
Fl @heselindBthePaspéc®s sTaRSTBehtAiRiREEAMPdekd v i gbditg a
commonly used procedure for attaching die to

detalibelowe hi p packagi ng with sol der bunmps; FIGs. 3 and 4
are cross-sectional m crographs which show the
presence of v0| di ng |n refl ovved SnCu sol der plated in
accordance W By ] i
| S g | 1%
or £ ‘%o. a'ﬁ%él‘a?'?l dﬁxﬁﬂ%%é#ﬁ*‘i%’%fﬁﬂ?m‘e%m

for gstagltingldie o ﬁxpenbu;dmnk?gm&mth salder bwmpsart et hodol ogy;

FI 6,1 S flnefo US - X tQ IIustrat|ng
EnE G aeie At e G it Bo i Ak A Ripe
vmqi):h@medldmdaﬂmm rsdaerrqﬁted ih cdohdanteewiting pudker aglaeing prdeeds; 7
'S C ctlonal m ¢ h.of a | ead-free.sol der

bR U R T ED (B Ry o € pist PR | on)
afteﬂ\iéﬂsh ihggddl eaipd Flesd Bthctdridhc@with b @Fiosdrt mE6dblogd)
prior to solder reflow,

metal | i zatj on etchi ng}@ pr oceﬁ
and LGl 8 R T3 feos FsavdBwrvicne ysitgting the plsencsiofjxeidipe afiefe
refldBM soldefburfps platéd i6 %&%‘ﬁaﬁ%&itl@fh@ heaBhifgsQ@FARN Of a
| ead-free solder bunp (with copper UBM and Ti W Cu
s e EHC-neis &lcrgsy-aactions) Wﬂﬂi@%whlrpéél feerspldar tann(ivith 23 seed
copl![%'?*t]%l\h 'aﬁ@’fﬁ@l@u%&édﬁh&ﬁh%ﬁﬁ)%ﬁcﬁ RasBEGPEARAGHRNY fridr b Seed
eachi ngs herein; 9 1s a flow chart
metalliraion etghing gragess prior to aeltlerrefidvo dnd whick leslibitsonwettigg of the
. 2 e solder; FIG 10 is a flow chart
side} ﬁfﬂgtufg;\ ing a nethod for electroplating | ead-free
s olFHers8 is npraas-ewticdmhmecrogriih df Iaéeatdefmhbldglsbuhwr(wiith a Fl G
cop% é%ﬁ\%e?(g Jll‘%zcgllthsggd r{netalllza 1t05 at llucr:]lghaas b@énl t(r)erate% w1th asec hc? d for
metallization etching process in accordance with the teachings herein;

FIG. 9 is a flow chart illustrating a prior art method for electroplating lead-
free solder;

FIG. 10 is a flow chart illustrating a method for electroplating lead-free solder
in accordance with the teachings herein;

FIG. 11 is a flow chart illustrating a prior art method for seed metallization
etching;

FIG. 12 is a flow chart illustrating a method for seed metallization etching in
accordance with the teachings herein; and

FIGs. 13-21 are illustrations of a method for making a solder joint with a
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30 etching; FIG 12 is a flow chart illustrating a
nmet hod for seed netallization etching in accordance
WOWwaoh/084360 t eachi ngs herein; and FI Gs. 13-21 arBCT/US2003/030860
illustrations of a nmethod for making a sol der joint
upMith a -3 WO 2004/034460 PCT/ US2003/ 030860 UBM
TAI LED DESCRI PTION It has now been found that the
unexpect edl'y high incidence of solder joint 5 failure

observed with | eadyfte A ﬁIP especially
| ead-free tin-bas to at |least two

f acIt lms sow Fieersfound thaf the unet(pdqadlytieg‘mnéld@m of frdder joint

ol RS A HEePRE D BB Bl B e
at leaxthivbifict@biCRirst of 4ll, ithaglieen faind wrat tlm-bEde(Bhaad Frea mﬂd@‘ts élbh)ﬁen

voi di ng appear as ar spot FI ark
proafveifiebipaTion H%gf%. fﬁ‘ﬁf B ey eé‘k}lg% sud
sho@ 8 & PIGRS3 hiltes4 &E&th:@dpearm hedpek $potsah FIGB, sad zd;elrdark
joints, thus causing sol der joi nt failure duri

hernisplipigdn FIG )i MgidinsdT ficiies Svgorshedasradss e meﬂl?éﬂ%ﬁ@@é?ty of
oldep | oMts, tlIﬂ'c%usYr%]' Hidegioa iR WuRBE hetrhd] Eféjm% @nd féﬁucmg the life of

conventlona ating processes used | at e sol der
the enides jeihle Elxramdmhap nWtbafm linkgd faghe ecwsmtwnﬂ Rlafigg pEgeesses
Nid 120 AioR (BB M)I ARYSAESR SRanbyste of such
use TR Folfl e LR BN A R GE M) AR e SRl of ue
acdma&mtmmplaftmgrpcbcess lsﬁsutatedllmm@m@m edly high 15
dence r; %ﬁg ree
S OI grsecogrmo éﬁ’r?tlla(t) ﬁs beénﬁ P]ltxd L{oqéé }G{ rl]lg uﬂgxﬁl&)t%’] gﬁ <ol der
incidentposi soldenjwirtt cﬁaﬂumﬂp]lem feboysoluet cdrmmsiﬂndels tiduenplency of these
tallization vent.ion r ef f
soldep T GRS mtep it e oL PP ARl G BAbAL
conV¥iRidnilefloviEMricEnefitidnaksedihatallifza tion b pr@esses. Whelsthe
roblemis especi al lét ot i abI e on,

1§t1n thg forghf\ AFOPPET 2P 1§ pro, ma1s Iegqgmatly B(PUSCF%]?%OH tfhe s1des of

the E)@ﬂ dRREYwn fEGSP! A8k rebflt SARP @dédl ahé asl@er2-cpetintrface
over a smaller area and therefore has di m ni

occysioupigy vmallgherea #d therefaredns dignishsd strensth, apgihg il&euo% the joint is
red GQEd:a1gey. !t has now been discovered that the
ove- noted probl ens can be avoided through suitable
rmdlit hisowwi beas diseoveied thabihe ebrveawntad Psdilees capPaeTdgdand

thrcﬁ%ﬁ?wgi% e%!)dlﬁé’attlof? tkﬁtc% | RGorRl i&= pfatin YR G&d In¥altS8fbn

i‘on of sol der joints. "In particular, it
etclhiagprbeanesztﬁpléa)brmded ih &te foinmtiam of/sldsojoduis. pnglottispigr, dtdhas bren

foutlé glég t%ggb tv%én%gegh (reobo + gé: gxlle\r/ eorrtéscﬁroggh hlgnrsn&%cglt%lé g%‘ dg 9 a
mldidiqtd:hm@g (&hd:p‘n) thecadeloé sc&der platiog :ehmmaua'mmé%drmg stepxiathests
proﬁ%ﬁ%r‘ ﬁ“lhgs%tnq\l/ 1ca%ons to ﬁl% cgr?vren onaf soT&r pﬂlgng an% seed metallization
etching processes are described in greater detail below.

The methods described herein may be understood in the context of the
general method illustrated in FIGs. 13-21 for making a solder joint with a UBM. With
reference to FIG. 13, a die 201 having peripheral die pads 203 thereon is provided. In order

to provide for proper placement and pitch of the solder bumps that are to be introduced at a
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etchi ng processes are described in greater detail

bel ow. The net hods descri bed herein nay be understood
w0 pootlodt46ont ext of the 30 general mnethod il | usPCHUSZO3/080860

FI Gs. 13-21 for making a solder joint with a UBM Wth
latef Sth &Y, €HRGRetAlQlidPdds ark Jedishritdhited +@ Cokmhhy tedBtripatedaigsadt 205 shown
. Ppads 203 thereon is provided. In order to provide for
inEloler pl acement and pitch of the sol der bunps t hat

ar ead dokf in Pic. Q9 UesdicAderBable Snc¥ui@BiH 98406 Owhich may

PCT/ US2003/ 030860 " | ater stage, the netal die pads are
be, fas grapplpmultesss Eomparsaion hayar é%qjs)t isiceye@ antaithe dipnibstpagesand

i nuE ' . J .
Pt PrEb peck e R BDEH opk Bp « By 1t s aggoond
laydrof Caxsspyitered antStthegswlt@gnpistesisshown indfier 1§ SClayer dfs
: Lo t [ . .

P15 A SUSLT A5y R el
17, had) e UM il \isefooines] oserdinekpoded yead mdtaleatios, a5 ghweinddG. 18,

[ ti i cl h ih Fl G ..
by EplalFs ViR 8 tnnaErdidon 4GP f SR aLT i 897k Bep e
eledoplateldveersasitha®IBM hi shatvh onFlas 18hown in FIG 17, and

the UBM 215 _is forned over.the exposed see .

et/ PP2ALR B¢ 2 DS HROITCSSh SRR ST = tgs?u%‘r geemm%&fﬁ ng
of AMotvanBor®9RERE sii@bMincans. The kY @hetfizati6h afierdelohed BEdhoda in

SnCu is then 10 el ectropl ated over onto the UBM as

FIGs B relpqiriasisolate canly dis padunl el 1B rertiomof theed mgtelizatigngpay
be %c?heg Rem, £ Eké?ﬁﬁa a hﬁfﬁ‘t{)géﬁ%rc;xt& @ﬂﬁbﬁ,g@ﬁlie% @f p(ﬁ‘tiépéf\fﬁ‘é“ked

S
other suitable nmeans. The seed netallization is

metpHigpiiastredyely efehied Wisirfor example dijute aayeeiseselufipe af gnymonium
carﬁcﬁlgéeag[rﬁmgﬁﬁltﬁ h(;/lh%xfzi@ Qnd S-BQER‘IT%]WIRQ r ’fﬁe%lcfef isttltfé% rémd as
metallization"may be etched wth, for exanple, a
sholwdn B§& 121 pe yiekd aderisaif seldarpumph2lée Theregultimpstiurigre rody then
bthegeed 15 netal lization may be etched with, for ‘
e cleane S necessay. . .
exanpfle, 2 Ui ute aqueous sol ution of ammoni um

c arfionailstraenacunuentibyd poncesd eypidadly sgedi to plachd soidet €. The
solder is t flowed.as. shown.in.FlG,. 21 .to yjeld
contsiih gu® st T8 pRte s ety R BL e Fore b efth g
metﬁ’ﬂijtaﬁdiheﬁhd_ der iﬁ)blﬁiﬂtﬁl@ﬂst ass et &éiais)fﬁte‘ﬂ anff gﬁter&d: onlthestafat tes
a_.cqonventional praocess typj.ca us to at e
selecHy L FXPOBF RYHMSSE fhedﬁ%ddﬂ%/&ﬁil@uws -g-nfﬁ T wl&fg%%t% of ‘3@ type
deplcrdd i6 ¥ Y1 78130 beteemahy. erhefs@dBdthivatidh ubdi@n &8Eskocess usually
metal |ization, and after a photoresist has been

- conginsfitsidayen b TR erds seeenddaver pCinat e T layere Which isapigally

aboBXARPR BRI F20SatRfadbdi®n SEEE UBRL & thb éﬁéﬂa@ WhiI€ alo acti"ﬁg L&5 Cu
a substrate of the type depicted in FIG 17 has been

P
barfigsy yhid) the Fridayse othichds epichlaabiontr5008 dcthick, pravidessnisient
f S, ] | ayer of TiWand a second
condS4RAY Yor (GPOBH N bl

ayer o ayer, which is typically 25
abdlie @RS tppicdlydieging with bxjigat eshirgffddiadtss, wfatmdne oUBM t 0
wafterh\‘;(‘/itﬁi 'o?yg%g %la\é\‘rﬁg)l, ?oll%!ﬂg’&byar%sgn%%3%§e \‘rx’/lafglrJ with deionized water. These
steps remove any organic impurities present on the chip, and thus ensure that the seed
metallization will be sufficiently hydrophilic for the subsequent electroplating operations.

A UBM in the form of a copper post is then electroplated 55 onto the portion
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barrier, while the Cu layer, which is typically about

50001 thick, provides sufficient conductivity for the
woBM4BEE0 Ng operation. The process typical ly PEnURR03/030860

wi th oxygen ashing 51 (that is, treatnment of the wafer

of tﬂvé s{eEﬂ %éééﬁﬁﬁhd’ﬁ d&agg%b by th@ h&%ﬁstbyrhé WaRk MnaBrifBE SRR

el oni ze ter: ese 30 steps renove any
deiapizgd miater,i amp iy drieid 88 prreweaﬂon dor thengoldeh bvh Simde thisrggnay be a

s1gn“?€cf§1¥f{ ﬁtewl fsoﬁa%fﬁag’s s%ﬂeriﬂ 'bl:tbv% foﬂﬂ%tygn olf tl{%eUBM and

|C|en or the su
conaileacdzrnezm bfasdlde:g ekaptmpaitmg; nige. waferlliBipically lmbj efcmdm) afecand oxygen

is then el.ectropl.a 5 onto t 0
s SRR, B0 et Deso s b P riEy BEL VaRs
durig tiak initezedl wiilclexposiaes woald frd (Dhbtrﬁnie&;ﬁall?faffeafh& wafigs is

t hen rln d 5 th deignized . wa and i s i ed 59
Cha’faﬁt%srtlé’ﬁ TY‘Frf he yifer i gﬂeﬂl E‘Pseﬂé‘f‘&‘ C{eﬁnﬂ@ viafee ?% aﬂ‘gﬁ}“’be
soldr cSphitioh §1§iﬁtas iSREE [\t S AEEItIBS THEME TRk pﬁ’@&l‘églst is then

between formati on of the UBM and comrencenent

of
strigpgfl frem the water gpd deivvader ixmecesist diroyeh segdymetallipgtion Ziching and

soldbRiggt ed to a second oxygen 5 ashing step 61 to
renove any organic inpurities that may have
ac Asriotegtreayigislys Héhafatfegping Praeqsh sparense 15 yhed Faagciroplaiec h

lead ff&ljsrolcf&s%ﬁ%ﬂ‘@s%n%ut ?lg]?% df nggﬁl] S ?%ﬂey U%fl\flse Gl faﬁ@ail é/mdmg

aracter CS O The” ma
cantobem irr uhn mé@wm sdldate Spaificedampleeef 86 vadidg itweflosed $héiu

sol%éﬁ%ﬁo?.ﬁ SCF E hlS %%e‘?\%glij]} %nSA rgegn%%tnA%%L gglﬁgr b%ﬂg ?%er € %ow)

SI'S
whiciaivere ,plmdintahc&)rméeawuh the prethodsl sgdddphutali FIG eeae illustrated in

nmetalljzation et 0 soI er .refl ow. not ed
the (bsrentbRlmeractil of el S nd & SRS o Cnue as be i fons
withif a@g@%&gﬂiﬁfﬂle ihcd@ged d’LfJ gﬁldﬁ@ cdﬁ bs qﬁt&hxlde@resg Glien BIAQ

an n ont o caopper substantial v in an .
elecGoRlAng FOaRIS 8%, gy FLG| %@Pwts Tpeus g (pp W ppt a series
of sSldEMbuYiPs Plad ih Bedoffah@MRith tﬂ‘@étho&ﬂb £ 6! 9. Sin(thd Xdyavoiding

voiding is observed in SnAg and Sn gCu sol der balls

appegr§ aslightempdpgrtiany wiftin the spides bpmag @ept sy selde Spaanthat afg frep of
vouisrb?e JBRiHA9 'de@anéé? POEHLES éd"delr:l)lg’npsgth@tr a?e éclnllﬂl@télgl Q/‘Sﬁ@e infihe

cross-sect i onal n1cr%3rap s of 4, where
PHWhﬁl@@F@%m&bﬁﬁaﬂmbgsﬁﬁﬁn N@dmareas Mﬁthln the sol der

rﬁG Jfﬂlﬁuétf%]?és %ﬁé‘&ﬁ SR bl NG }g o&Es ﬂlékéo‘f'deﬁﬂcg@ﬁﬁ)r ead
e ectrop ati ng I's used

the aemplrwmstwa fAis n‘ethﬂbfcmsthod deagcte(dtlm plGrid%ethis whceas séyricady

emp n&eﬁ aggletﬁe ?e%H?ns Eﬁé%&gldha}s Qee%%c A g?ﬁlﬁ %rl\élrl tto e}ng%fged) and after

the plppeasist uaa:l tblf@h’t epletthgomisk hm’beemﬂémsltedtahé paterekeron hengpeter.

that is, s r s that are. fr oids are

s b A A o ST MR

is nﬁmBQtypic}sﬂlWWﬁh Bli6nikdd WaR). PhreleRYosed Borliohy f thdwaed hal f)
exhi bi t bstantial yoiding. FIG 10 illustrates one

meEieR HEs Hhetbicsoehad Phighatpisrastcl may myalysy s FraRlf (gatment

of the substrate with a solution comprising 1% sulfuric acid and 0.25% sodium persulfate in
deionized water, with about 0.01% copper sulfate added as a stabilizer), and rinsed 86 with
deionized water, after which the UBM (which preferably comprises copper) is electroplated

87 onto the freshly etched surface of the seed metallization. The wafer is then rinsed 89
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the present invention. As with the nmethod depicted in
FIG 9, this process is typically 25 enpl oyed after
wo b@4mea6 net al | i zati on has been formed (but prPEDIUS1003/030860
bei ng etched) and after the photoresist used to form
n the
onedinfte Phealiy TBSH1, V30, RESRF R SET RALBP WhFLOSHA
(preﬁﬁblyrtgleﬂ&freeas‘d@r sumhlas: AnGu)és waipily ¢1SCtmphm1d)18®to the UBM.

G L N e S R T

metz(llﬁda&orm:t6li1ﬁ§ﬁrﬁi’kolmyreﬂlwo| ve, for exanple, treatnent 30

Lheiee Bogdonedin 1025 EBuIn AR AL RS LT heRored 2o

deplw@a S FIGM t Poxaa&wple Oin Yo sthianRpicted ik i 100¢le drafes (aad in
stabilizer), and rinsed 86 with deioni zed wat e

partigplete fheyipdeRetpeatiopis SWHiRcad 1R BREPHE Bt dRbBN glectioplating.

The GQRREMlictostck hEElsoRk B Bpro&ls RIS %gﬁﬂfl@ﬁﬁﬂyxmﬁlto(}@ﬁl@
surface of the seed netallization. The wafer is the

adhasion eiyegthe ST Y PR, UiSPe051h SDBEImE @ﬁ&ng

wod g AREOLE oy A DA R YRy Bl

this sxidreéeh fectivedysreB@rs)mity omdesnﬁy@m yheeeluéecterd pheaseedimetallization

that th%ﬁld%ﬁMrwi e-:r F %ul%?t t%rvgﬁl n%t wi'u%e att & x?)% tlhft}:qﬁngrofv{n§%ﬂ£ﬁn
war er , ana %e rocesse oug see

betweed the [UBM tandthe eeadlmmghandn by)pndwldmgelfﬂasw noB-okikzeddetymoaf

meta? Z‘gg cte d%té{ ?o F!%tg fl}?t]@%ﬁ e P&écorgm g]glmﬁ gfﬁggc? &x%tt ﬁBlS/I{P?zmn gis

condieieh elbrete @it ttietmicroeich Go thibmethlnids@ sl ndtaiade a Ehance to reform
partj cul ar, (&el ed, netallization) is subjected to a

On“?ﬁsc‘:‘FfG‘é’thﬁhepsP? Z%FEWI el ectroplating. The use of a

M ¢hORLMBA 8 FIN 1S alR@ Hiffersitfont e nf2fHRE @SSicted irf KGN irf @at
significantly inprove the adhesion between the UBM

the wier ¢ et csegaferehainal atei BAowARIfe PIAAng HET Sxwle prige SnCw
is an@ﬁjd‘ﬂé‘d ﬁgrtl%lcﬁft\ﬁoﬂhg 'w'ﬁﬁar isinkde WRlduPWadingdb g@BOImMVD%' h‘@Ulty itis

w shin be bound by theory, it is believed
beligviail hapriby M@ﬂl@h thefdreing fierclayd inepepicalar.rhyaoceedinglioghs Rlafrﬁg

proc%%%e%?é Ih@%feqfxs cir%ﬁ %l?qum{yﬁ]f)ﬁbil héat V%)&f}:s dhxti'x?% (}{Wﬂg | hich could

rw se contri eto vol di ng,
conttibute ta yqidiogiingredldéiedsi on  bet ween t he UBM and t he seed

ne ion b v S | ayer

Efafhe Pla{i‘rgg(pérecesy oﬁé[@pgi % G d‘ctlo f)la% aﬁ%%m%gl\}ﬁg {nég 9

copp%c CBMi thagl wojding 1n|tbe efledalr sDb]dr H)Lhmiis 1UBM1¢ilyadlmngat¢<S Ths effect
con te ho aft e m croet

s R fveiototedis oBFich Sl B GRS i hiiiag o

SOldsﬂ-Huflrlﬁﬁ ©laga‘df1? h@oﬁcfﬁﬁcda \m‘iﬁ}q tat iethadidlogy. of Hi@. ltetztmséexomex‘éinc;‘au 11

so di rs omt he net epicted in FIG 9 i

of ﬂieﬁa e“tWRR/é(fsg?le F‘st HET2Y A 4P %‘%&8 ‘fg dg ‘?‘H%‘Ind‘F?tH@é‘ complete

sbs388 by dRbiible yokad N9 (Tor exanple, using Snou) i s
conducted shortly after the wafer is rinsed. Wthout

wi $hAgd FBOVBeIHE’@ﬁmﬁhWGPW@éWFIQ 110; soldep plagipg iseved

concgfaéﬁ shdly 84QidH DEM B BlaRE BhIneS &Lr drANEL Wi¥ePR kibicd U thus
proceeding to the plating
the typlcal drying step tfrom the prior art method (see FIG. 9) is eliminated. In some

circumstances, however, it may not be possible to avoid drying the wafer (or allowing the

wafer to dry) between the two plating processes. This may be the case, for example, if it is
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process before the wafer is dried), the formation of
nmet al oxides during drying, which could contribute to
wo edodiosuye0 i s precluded. |If the plating processPoOf/UF10@3/030860
10 is used to plate a |lead-free solder onto a copper
not psaMblel tB %Bnd{lgl! lfgtlpﬂaﬂu% Jp@l%tl&ﬁfalt %%Qn@ﬁ)lcﬁ% SUIREtd F a
I rtual el 1 m nat his effect 25 is illustrated
conblylotlherOmSﬁeInf sveluensss, rhayprcm&ss of HG. 80 mygtyibe moéfiedtshigtaly byf

o BN LU BROER BBl s

mictdateh e Whiledihik mbdhﬁedpr(x:éss ey laﬂiw swnmpsdmg i dricer in thetrpfdfowed

o R0 BOTBLEL RO SRY FRBRAPH AL 08 PPY e

madehio ¥ ordancet wich thistrhalificdepdoe §sente ﬁypicﬂly&mudﬂsmaﬂ;leﬂ tHla@r those that

plating.is .30 conducted shortly aft the UBM s
oo s R PEOTCRTIEEPE? SHIoPh SRR TG, § PRSBH ey
accép%dbﬁem%&ﬁeh@ﬂc@tﬂinsdryl ng step fromthe prior art

nethod (see FIG 9) is elimnated

ci ribBnEY: awe@emﬁeswexdempmt Feligbilithas énapsgg aelipvedin
acc@fHeQicQ with Y tBacdhlis Yl\ﬁ‘gﬁ fhateQeal@witR M&gssfnﬁ%tepmfaﬁﬁreéege gey)
bet ween the two plating processes. Thi's nay
soldepplating pypcess dpwever, pddijiqnal igipravepents mﬂ@smmehablhty,
espég FIT? ltﬁ?sggi%{ ]%ﬁ'gégl@aged HPkad e%ssbﬁlleﬁ &rQ ﬁﬁ%?ougﬁ%dlﬁcatlons to
ing operations at the same [ OCAL] on, or as parts
the siﬁndard acahmsmugm@onmt@owocemh@@ewr efigreslder Platingrbyteafere
sold%I reﬁ V\ghllerfﬁe}/se lﬁl%d gtﬁonk nghec' Ltﬁrﬁﬂfc{ Qée&’)ﬁtetaﬁﬁgﬁoglge:t# g'%ﬂntfgc%ss
canbg ItHenmeldeskrysﬂ 1m1mpmeﬁmlnts 1Wnldi@ jdihi lEfetlmﬂil, it usem‘eﬁenﬁbthslshey
may . some. v cur.in th
are G atgorSiatarcmich fe P SaREripudabubotfoah Sosrdbibpny or
Fl @IG.(]:I-Q 1llh§lﬁtééﬁlcdﬁvehnorﬁld p‘r@d:edﬁﬁseﬁ Qorited MEalEztion etchmg,
accaordance with this nodi ocess .are
Tk resa PehligHich & FBB8 CpRAY: 10 recamis vaeeiienaiesgH e o

soldRf Sl PRARS Boc&E sidAQs tERDeWRIGEEH HIQ. §-hdd af@r th@@ﬂot@ﬂ'eﬁst ‘
therefore acceptable in sone applications. Thus

has beRSrSEIRPAE Rt - 4fﬁr 3 sfrugBie §idhe\pg dapicesh iniFly- 20has b‘??ﬁ;f"flg@d)

As s%eb th%%é@’ﬂj at e ﬂ, iARELSARNGEW, il W& i§ BRCHHODSih asishifed
have dealt wt processi ng steps that precede the

watero [The seedimaatalligption Sbassubjpgiorkiparcoprri gich 18hnging a dllute aqueous

soldfﬂgp bPMf Eﬁﬂlﬁ c'aﬁ)oﬁzg% Rl'n{]tltlyd'fcgé c#e%ﬁlsb& chforif¥® Gi‘h@ lvsJaYer is
or solder jolnts ase ead-free so ers, are

agapaisrmdal@ w1thr driglizermaict amhh@ sned ntetnllizahien is tsaljetdeddo s eV etch

107 vrl aalnl alélzlf%}uts i eotnco hyao eal e Fo?f'dfe? M‘i’ w&ﬁcﬁ We \%%é is aga(i)ll 1q1?sred

yed

F3r e
109rmt11| cfelcmazted mae:rt Dhet \hﬁ”exst thaol dne:tl lslded satadr ﬂuk nszchﬁpemed 113 onto
S T R U S

wafarleﬁﬂesd ed that they are used | n conjunction with the
L ves 3P e, P0G, B scesseR ISrer R abare.
sol®@e Rl reindhil tozRhipRiel R tv6ththdépper UBM during reflow. If the UBM is in
the form of a copper post, this effect, which is illustrated by the cross-sectional micrograph
of FIG. 7, will typically be most noticeable on the sides of the post. Without wishing to be
bound by theory, it is believed that the lead-free solder does not wet the copper UBM
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wherein the seed netallization is copper on TiW The

process is typically enployed after a solder
we@b@asapd at i ng process such as the type descrP@EUS2003/030860

FIG 9 and after the photoresist 20 has been. stri pped

confetdly.dudtd @eé famstidntEth lﬂtﬁék 1@§ertoh eorlpEPexidhe muﬁﬁge@le precdditg
20 has been forned) en thftr ein,

hydﬁ%&jpﬁﬁmﬁ@e&ﬂwtqﬁvé% J&@%lde HE Rerien tqoéthlf wst@&%@tfw th

renféREPHY udd bR med B SLRMFREA b2 Rl R tHeSidei8MNthe UBM.
sub ect edqto a copper etch 103 using a_dilute aqueous

g@eatenbthat@my ﬁﬁﬂiﬁ‘@ﬁp s ©%idp dayat EmaRs bR Kyuse BeildEMdnd
res%pgétg hQ'idoﬁt@n So‘[%&e wafer is again rinsed 105 with
el on wat er and the seed netallization is .
su wléic ﬂ%dluslmat@s T yhbodimet Bf weredxmett&ih@ﬁoaqtg@omrocess in
i pey. r e af;
wecBultsaih B U BRATBE AR P BT A G Efroces
is tjrp;ceﬂllyempwyaé alftek ]sdlder&lwmdmdﬁmgf@rafcrabi;y diaspedmeciwiti B1eomdtiod
ot GO o spuPannofu e 1 e bite EPa s PFagSuipdl o
propese theow afletyis pedfaably rifisell hathpeoazed wagr, sicaps othér ddaters di
are followed, er. Wwll often fail to

solyeg e atedfny Wikt %hFﬁ{éC%‘ng%?S%gﬂea@m ng reflow. If the

UBM tieSseédmethlligatfonridthed suBjece@ REL cdpPértetchl 133 SwRdhiBSt |
which is illustrated by the cross-sectional m craograph

invelye, fpigxampleyfregtmes ﬁ’“@éldlllyte BauSPBS tOl o o é@moglughcafhﬁ)gate
amﬁbﬁ’iﬁﬁl IB/fjrotx[H% aﬁ@ §5d1un¥%ﬁl5}ﬁé't THY ﬁﬁbﬂg rﬁl%dtIQS ap@ﬂﬁg decly

heory, believed that the | ead-free sol der does
metaBtzatmt is ﬁlrmecée@pspéfﬁ%em 187, \nsferably Motea@gueous solution of

hy(ﬁa)cggﬁ %Q@@’ zQéP@«ﬁlQh iHe QIR & &ldsgcé ﬂ%ﬁo&cQ agﬁ TRy »Vﬁ&ﬂ Othehlf

ayer of copper oxi uring e prece I ng
subfpgtr vge migrestax 14l eal®r Whish atis rigsed TH gneomprddinieaylbe water is then

drieglnglg, §o?c? tr tﬂpk ?SK} sf]?gns?(? 14?70%9(& &1% gl&%lﬁd SO Xr?cgthg Xolder 1§ ﬁeﬂowed

quen ux especi
14% hléxe$oldastho<f1s ttee rddidived T, nﬂrtkthewa’ents dribat any port| on

o T8 PuliLEReRiF g 35Ut st el riraBp et reri g1 2

in thd hSd&‘df b ati@Betoln &fte? MO Wneedt and fsulseeadrine! dHeh Artsean

chi ng ocess i ccar dance vvlththete hi n
et e T g5t T el Bt P i ST (e 316 fgund o
conil Q619 Siet tHe&JBan@mhllng tRReOWeR 0Bk SHowhGh ¢G. 8. Wlthout wishing

el ect ropl ating (preferably in accordance with t

to Begoprstiby Gpor s isesficved foires Y iR deerommpYah by Fhﬁéli“ﬁlg’etf@ of metal

oxilidigronefng réurfalc@s taﬂ@es‘ﬁ&ﬁdlf'}lﬂﬁa GddSorie: @Bﬁps% Rt tﬁe@hﬁa&:@ of the
UB&bocess he wafer is preferably rinsed with deioni zed

wre readily igied Wit thesolder eqiprasiiop durirgyie{levit 4s asesalt.dhkslaee
ared 8f th%' Fol@JrIto £ e{jmté 2dSiE akﬂﬁﬁe@aﬂe scﬁﬁ& é&ﬁ%s ogttmé%l stf%r;ogth,

netal i zatTon I's then subjected to a copper
andvth¢hf¢qﬁﬂwsomnm@inmma‘xomzwarrpl e, treatnent with a

di lyge rgl [ t
iR EBRHE o e thidlD ol TR SRR i petmos
desciitred édreii3 5’raihnhblyhthe scﬂa!n:bn is an aqueous solution of an oxidizer and an acid,
and more preferably, the solution is a dilute aqueous solution of an oxidizer and an acid.
Most preferably, the microetch is a dilute aqueous solution of sodium persulfate in sulfuric

acid, since this solution allows copper to be etched in a very controllable manner.
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15 netallization is subjected to a TiWetch 137,

preferably with an aqueous sol ution of hydrogen
w@eooandde) after which the wafer is rinsed 139PONTS2003/030860

again. The wafer is then subjected to a mcroetch

14%1&@&&@% why &@odlﬁm 'p§rsﬁ1faﬁ!§ﬁ Grekdiedan ﬁler}ﬁﬁl%ettch BRutiohe

wafer iS then dried 145, a solder flux is dispensed
emplayeddmthe mqﬁ@dp Heserahed etetie Varicls gthenexidiegraimay beusedin Baed

1 dsD BRI 1 &4
mic %?:h salﬁﬁo gégfbe 2%&%?_% e%krlrgt e dggfg%’ %%renéQ %otés‘g%n{ mmonium
persﬂdfhhem;ucf ammmhm swBatdh olsrothégoicid; éﬂdrpgﬁnl-ﬁe@mdﬂpotaswumh@dlde

t f S uent

sitviie, G ShE Ged bifopd ] ! RERL AR SVIRSRUCT!
confEJhanoﬂsZofltwo os@dref ihese dxidizns niey als@bdumi t he sol der is

1@81“ ¥ ghoglg%g&ﬁ%F%ofﬁ}l@rg%%i Pﬁ; Ed’{e Fﬁaoge%SI des

sohb@tm&nlhlyyddhﬁ e Waridul infethiodls B@bhlﬁéd&ﬁreﬁm vig@id lothef 4cddnmhdyenlso
r enoval mcroetc of ..met al xi des fromthe

be usgd foqpae t‘\{%ﬁﬁ’g’t@% pRREPRE afely goidic. lafé%lnc © PlganE BNASYCR fs for

exainb@ §ddfif 26€ adRic defiecitrldBM darRmicaR M, 1a}ét1<y\&‘id e &Mh& B@d and
der _conposition during reflow sul t,

he
mor%mf agids, S%h@a’ for eXﬁweleslamélﬁldt @zdé@&bw aplﬁt ‘aqrac&@é ghgomic
amd‘rﬁﬂlrm)r%ﬁﬁjo achd) ﬁycﬁ&!ygﬁﬁ ati@) lﬂfﬂrd?ﬁﬁrl@ﬂtld 'ﬁbspﬁ&ﬂ’ceﬁfﬁ de suBfBffic
fe of the solder joint is maximzed. Several

acub o‘i’amusm@nlumﬁlonseofdwe ar m@repé thesr xaids mayclssdecredour suant

L 0 G diBRIR gfe@crﬁ%ﬁ%x‘eﬂ' a6 Bbdin 1! ALAY o e

solution I's an aqueous sol ut’i on an o er and an
metaltization emhdlgmpmethms difae mbllvy almdsealwoj/m:tqf eridé¢rsingluding tindead
solc%F e(sgﬂbiﬁxpg tllhloapd l?a%?cg s@%d%ﬁsl sucI:hzgsr, go% Ege%mgp e %aiélgA SNP?‘&%SPO %hd
SnPbkb S@‘lddzrslnHB@é\&ultﬁeaé menhldcﬂog1ém¢ parti@itarty, usefuhwhantd'se(*sin

conﬁxgﬁtléjctfulo\?ﬂé%?%ﬁ%wﬁgf pg @@bagaet S %s&é]%ﬂ%dolog%s to overcome

1nf15ﬁﬁéﬁ52&@§és@&@a‘3@@)revﬁiehhﬁ higﬂﬁy 1dae-fie8 €oladrs. SEXHnpIBs of lead-free
sokgersulfate I's, preferred i the croetch sol uti ons

Ffhye Beprsedia comivrE R ViR ey ofpgies deseribed hegrip include,

but @R liRitbdHioZ S, BRA g, BRAUEE, CBrﬂBﬂ Snh@Bi, @n@ﬁNﬁ‘Eﬁ@b and
sol uti ons describ dgherel n. These incl ud e, for

SnBé&xa% ef thegst sa@gﬁsuths: Bie o Hhegnstindol qm@anflbftdéwr%wrth &nCu,
nATRRREEM sl if A dCandGhy &mo@ tREd Heth B AYSNHRGICA%E EBecially
ot aSSI um’i odide, 5 silver nitrate, 1 0di ne, ozone,
prelgg@gen, nitrous oxide, and ferric chloride. Various

Corﬁfe@@ltdéloéq trgé nQ eeﬁ% alﬁiatﬁ)ﬂ @t@ﬁgg éfo%s% rcﬁsc

al so be use oug se o urlc
hergig haveitsepdaséried @dmaxmlytvhth rﬁfemno@too%hstsrod; hatvmgmspmﬁﬂﬂ% d

Howeve% gch %6/}’ thc‘cs)é:J %e shxﬁagls és Sé%fsé{ﬁ%gﬁ%ﬁ&mp ’Wleﬁasggtglg§ ha%nt}g other
typcﬂmﬁ f(m:Ms atpebfg(u}auhbsél cﬁmpﬁkiﬁgfmckenc Wide ttergainds discliostsl Ietefrhare
wsed i g e TLneker PERE s Befred i Gegluf e g g
mickdd@hgani ¢ aci ds, such as, for exanple, nitric acid,

hy d./{ %%Hllog rfér%le%t%pqatmg cs?g)lldgr oarll(t:c; 29 die %er b%en growded herein. The
method, which utilizes a microetch prior to UBM electroplating and which eliminates the

drying step between UBM electroplating and solder electroplating typically found in prior
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acid, hydrobrom c acid, hydrocyanic acid, hydrofluoric
aci d, phosphoric acid, and sulfonic acid. Various

w@ ooviosubé ons of two or nore of these acids mapCHUSIODE30860
used. The net hodol ogi es descri bed herein may be used

art procssedsgdizfoypidad redoceahinsiderde bbvoiding tat frafuentty astahpanges the
operatiqns that involve alnost any type of sol der

reflBl TRl o7t camBO TR AP L0 CRaHBs P aHeR R Eteen the seed

metaB 26t dpasd GheSOBME ASmeM6dfoa stching b UBM MR fso HeBiPprgided, which
SnPbAgSb, and SnPbSb sol%ers.,kbmever, thesi_ )

may B¢ i5ddlong PE8 campingtign; Wit fhe preyiogs methpd. WHusmgRed Which

util&R0h HRGhd @ orhd DBMERRT {d R8P RILR! B fohd €0 promboRebeadi Wdthive of
of these nethodoloales to overcone infirmties that

the 3FRM ethereley whulingip eolderdpintsithnt spamp Lirgeicurpce@regsing das exhibit
.68 1iphimd.gad-free 20 solders that may be used in
ge%%ﬁ?%ﬁ’t?oﬁ ﬁfph the net hodol ogi es descri bed herein
i ncThechbove dpgeripsipe ofibe plepant ingeintiop is ipiativesardis nShAgCu,

R R A

modifichtides @ay be Badgto tBrehgGuddssritpd embpdiaents suittioutllepargeg foém the
t he nmet hodol ogi es wi t.h .Sn I s especial | .
sooBf 5 B Pt ™ 35ertis 86 e By B8 B FERE sl iy sowta ve

con¥etial ih rfalehd@no sk appendeduigiaesses di scl osed herein have
been described primarily with reference to systens
havi ng copper UBMs. However, each of these nethods
may al so be used in conjunction with systens having
ot her types of UBMs, especially those conprising
ni ckel . When the met hods disclosed herein are wused in
conjunction with a nickel UBM it is preferred to use
dilute nitric acid as the 30 mcroetch. A nethod for
el ectroplating solder onto a die has been provided
herein. The nethod, which utilizes a mcroetch prior
to UBM el ectroplating and which elimnates the drying
step between UBM el ectropl ating and sol der
el ectroplating typically found in prior -10 WO
2004/ 034460 PCT/ US2003/ 030860 art processes, is found
to reduce the incidence of voiding that frequently
acconpanies the reflow of |ead-free sol der
conpositions, and to ensure a stronger bond between
the seed netallization and the UBM A nethod for
etching a UBM has al so been provided, which my be
used al one or in conbination wth the previous nethod.
This method, which 5 utilizes a mcroetch of the UBM
prior to solder reflow, is found to pronote better
wetting of the UBM thereby resulting in sol der
joints that span a |larger surface area and that
exhibit greater average |lifetines. The above
description of the present invention is illustrative,
and is not

-11-



10

15

20

25

30

intended to be Iimting. It will thus be appreciated
that various additions, substitutions and 10
woreekisaeat i ons nmay be nade to the above descri Perius2003/030860
enbodi ments wi thout departing fromthe scope of the
WHXEROLAIMERMS:i on. Accordi ngly, the scope of the
present invention should be construed in reference to
t he appended clains. -11 WD 2004/ 034460
1. PCH yéa@@%r%mgeoweﬁmm CubMER hSstego oA Mt hOd For
Iatlng sol der onto a die, conprisin steps of:
pr dFpyd 1ngaéled2@)@mr_lgamdm@llyag@eﬁal heagan; zat i on
|
(S P st A G AoREGH iy oh 33 an
oxidizgérolibeneby forthing ebytch@kmdwgetaﬂlzmqnh ed seed

e B8 S S8 o S s s

metaiizaidn| thaUBdA corrsingBhbmomndi si ng copper; an d

eIe opl at i d-free.so o i on
o 205 Be 8 b B eSS R o BB T
mhereln the acid is sulfuric acid. 3. The nethod of
cI m rein_the qxidizer sodi n1persu|fate 15
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copper, and wherein the seed metallization etch includes treatment with a hydrogen

peroxide solution.

7. A method for etching an under bump metallization (UBM), comprising the steps of:
providing a die (201) having a seed metallization (211), a UBM (215) disposed on
the seed metallization, and a lead-free solder composition (216) disposed on the UBM,;
etching (137) the seed metallization;
etching (141) the UBM with a dilute solution comprising an acid and an oxidizer;
and

reflowing (149) the solder composition.
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and reflow ng (149) the solder conposition. -12 WO
2004/ 034460 PCT/ US2003/030860 8. The nethod of claim

wQ@ 200a02t460 N t he seed netal lization conprises TPAW/ERI03/830860

etched with a peroxide solution. 5 9. A nethod for
pl ati ng solder on a die, conprising the steps of:

providing a dje (201) having a die pad (205) disposed
8. 1 helgpeitiodied Fiﬂnﬁé = “ﬁ%@a %Sé?dawt?%%tﬁa ﬁoé“Efﬁf Tg‘i‘{éﬁg {5yfiehed
witla @efofe sdi@dxl ng a phot o- defi nabl e polymer (213) on

the die pad; patterning the polynmer to create an
aperture which exposes at |east a portion of the 10

9. Seeq Iﬁs%a'f&ﬂﬁﬁ&g@&ﬂﬁ@%&%&%mg thbgesxgosed portion
of the seed netallization with a solution conprising
an previdingadicdR0Dvng edie pap 208hJisgasechtheigorin et ched

1.on, of t ' Q5. el ect I ati
(a7 e Baert At on PR Pt BRUCA0) “(215) amto -t he

et cfoeding 4 Phqpordefimblegfolynime (2S¢ dn tetdiidadzat i on, t he UBM

conprising copper; and el ectroplatin 1 | - fr

ol Bup SRR o P55k fh SR bRREM SR heRu BRFRA G e
seell adetatlizagdm; opl ati ng a sol der conposition, conprising

the ste f: rovidin subst r at 201) . having a

o e~ (3045 bomd st nErEsr B frebBt e gt e q
cori@isalg anzaidiapdad SddiyerOthereby femaighs bfchéEportidiofsReded

netallization conprising copper; depositing and
mepllizZedhi ng a phot or esi st (212) over the seed

et él&duioﬁ_ﬁfilil@ﬁ7ﬁé—iﬁﬁl_d5ﬂﬁﬁnp h&isuisRRE (DBLB (2157 Bhtb @ diched
exposed in the vicini :ﬁ of the die pad; etching (137)

portipe okide spedmetllization, ther RMicamarsing¢appes; afieous sol uti on
of ' . 1 3 |-l under
purs PP B Sy IR G D B e
nmetal lization, the UBM conprising copper; and

02! SR A bt LREILAHE 8Bk B 1
SnGuroviBinAg setrstatBriZ2QChavifa dig Pad (205) disposed thereon;

depositing a seed metallization (211) over the substrate, the seed metallization
comprising copper;

depositing and patterning a photoresist (212) over the seed metallization such that
the seed metallization is exposed in the vicinity of the die pad;

etching (137) the seed metallization with an acidic aqueous solution of sodium
persulfate;

electroplating (87) an under bump metallization (UBM) layer (215) onto the seed
metallization, the UBM comprising copper; and

electroplating (91) a solder (216) onto the UBM, the solder being selected from the
group consisting of SnCu, SnAg and SnAgCu.
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