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METHOD FOR ELI M NATI NG VO DI NG I N PLATED SOLDER FI ELD
OF THE I NVENTI ON The present invention relates
generally to solder joints and to nethods for formng
the sane, and relates nore particularly to nethods for
preparing an under bunp netallization |ayer for
sol der plating and reflow.  BACKGROUNR

WO 20048 ON The use of sol der bunps in af@%ﬁﬁﬁéﬁsgg e to
flip-chip packaging is well known in the art. FIG 1

MEEHOIFFGR ELIMESATENG VOIDINGIN RIAEERSALDER! vi ew of

REGON 2 of FIG |) illustrate one type of prior art
solder joint 10 that is used in flip chip
appl i cat i onsFIERD OFSIHBAVENEION n, a die 11 is provided

t dth
S il 00y il s [ hercon
I

forming tparsam@nd mlm@s xmrepaftrc@lmlmma@@is f%p@@@ag a e PRED at j on 14

OfLheeflive Pad, and an Under Bunp
metanm%@l |zat§'|go LﬁjBl\/rpe | ayer 15 is disposed on the seed

nmetallization. A solder ball 19 is then placed or

formed ongheRGROUNDIE TBNYERTELUr €; and is bonded to
the underTying UBMthr by heat i ng

ough refl.ow .th
Thepiee & GGz IS PE B ST eEErs s 881 Fiokp |
in the art.| FIGUI dns eﬁj 2 (tirmsﬁm Wviliel is baiagmﬁes vid® eﬂRE@ommfm

el ect and t he di
1oy 545k T SR 10039 PR e RESHERR [ NG U O
shown th&ﬂﬁ,rae:el 13 1s¢:tuvidam}h§h has adi0epee it did pad Lhéspared tetsox- epl ace
photo poigrfx?xg Siation 12 dﬁl‘? glt Uiﬁ%dﬁgﬁrélg% d?%'%o}ﬂ'd%!@é Wsgd in die

op er i on ree solders, due to the

metallizatrmclH fshispovell onglenvir ot retendndes Bymp Mytellieatigr (YRMM x5 s e d
15is dlspﬁzgh Q;f&le?ses’é}ﬁ&amzhﬂlﬂe adoladr &1 i‘déi; manﬁdcecﬁir ﬁﬁﬁléd:tﬁl 6650f

acturin Inltlatlvﬁ g% g h lr% endor sed
the UBMshebgred isporad ip e ndeaie b t8p t 2t
the solde&%fnfmésﬁluﬁ @Fﬁmeht!ly_'l?ﬁ Bﬁﬁﬁﬁhuifﬁs’:).d Thersei@er $all id @de8 fo fororaavari o u3
i cations us r cate
ctesica R BB F TR G B G EaP PR SR PAE ons

oroﬂlercﬂﬁ&;d in conjunction wth nost of the PC boar ds

T eéea ggﬁr?rglgta%%é entqg glg% 8&1}%‘33 ﬁl{glgﬁmé}gﬁlﬁ%mﬁem ot her

SnAgz 3 for wave
been widdphsdinidiegttah mema@lwh dead-feenpeldey, d“f\/tﬁ the é"'ﬁi‘h ae

envn'onmgﬁtﬁ R@? e Sat?qu %E@soﬁéw ﬁos@ 1480 &le NfiorRid@BbAGeoUS

| so suffer fromsone infirmties. In

Manufactplarrgtlmtﬁ!iivaml\@ﬁ}aafé}‘m‘}“ﬁﬁﬂ"@eddﬁ%‘@ﬁ°f<§ﬁ“"t“’rwl@§lef‘°e e i al s
and in paﬁ&;lﬁarotfnt}ﬁﬁd feQuiet sbRerk) @&Qarﬁdﬁ DplicARSs. tThﬁi f(ﬁﬁeﬁmple

ﬁlgnl ficantl g shorter t tﬁ%"o& ectt1 ed I | MBS based
NEMI hag,giveqates the 15e €5 A8 8as 41 5’ PR HEY mB‘F‘H‘s % he
with most df@ied’@%@dsqiodmh ebaiy, prdiigulso rdcaninendiag pmothmletd~ﬂrﬂerre for

alloys, Sr{CBL%gg SIleglssl? 0? w?v%sso genggn aptpp c%go%s.rmt erials is often found

However, while these tin-based solders have a number of advantageous

properties, they also suffer from some infirmities. In particular, solder joints based on these
materials are often found fo 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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unexpectedly high. There is thus a need in the art
for inproved solder joints based on | ead-free sol ders
(particularly lead-free tin-based sol ders) that
exhibit longer lifetimes. There is also a need in the
art for a nmethod for achieving such solder joints.

T and other needs are net by the JpgkRdHRE €S
Wozo”épg'i‘i%i bed herei n. SUMWARY OF THE | NVENTION T'n”one

aspect, amsthodfor ti.ng. sol.der onto.a die is
s Hisa me#ﬂ’éhﬁfé‘tf?fd’ap ?3‘2??{0 “gsdi’lasg? P@eause ul with
solders (pRBsiy Red- ﬁ&hﬂ@ﬁs&i soBin@hhaanhﬁﬁtGhngerﬁfeﬁgeﬂa THerSASTU. | n

whi ch
o F SRSl BB P 19 il PR G 1

met by tieh&hddolagésidesritpd Bfrgr.abl y conprises a first |ayer of
Ti Wand a second | ayer of copper, and also preferably
has a photoresi st di sposed thereon which has been
patterned t SUMMMARYEORTHE INSZINTIQMe aperture through

I\x?ﬁne algpe @Ibpr%tﬁ % g%&ngtsbl@cr%%g e Rdvided atni @Bthds exposed.

ose metallization is e%@b with a
is Pmc@mm@ﬂlaﬁlh%ﬂ@ﬁmtﬂéﬂ& sehavus Y- S0Ae rd;Sene rising an

accordafte '\hﬂh (e HeMo@ S dic fs Qfovﬁé’eﬁmiﬁhﬂnas &S nibldllﬁataﬁ itt@ecd riche an
oxi di zer (such a ersulfate),

S,
seed mefaf{iaption yrefempli £oRPrisES 2 Q{SE]W@H gf%&h% W‘& CTSR"An under
and alsdyremam@taaé pHowkibe assposﬁthm whioh bde bpn ozitemarbﬂoyre@t@ Mpri ses

opper i s t en electr ed d seed
least OBWF@F‘F Shoough e ﬁ‘g E %d%gnpltrs Eﬁ) ri nsed
exposech&hddhnedlﬁizﬂiﬁh Eeﬁhed/aﬁtb B (prﬁﬂﬁbhadlbbl agegous) m?p@sqnmnémg

an acid {sﬁclil : ab 1o) o cfa(l:1§ %nﬁ)xﬁiz@r%u@lpﬁl B &enfd k&tidhe UBM

ReTaspect for etching a UBMis
persulfafe), thefethe @mﬂma@h@ﬁ@ém@llﬂa‘i’@h Aryderbrppgetalizaions | s

(UBM) Q/ﬂl&%’#{gfgrqm?%\ﬂlpﬁ%s go[p?é? &Gheiele@iopla@ @drithe etéhed BB di sposed

see zatl on, and a | ead- fr?des sol der

metallizgisarp Bl wates s tep Eiptbly tiased PRRIGRIE WA Bda P
compos{?iﬁﬁ @Héé'{/lﬂ)ﬂhéaﬂlﬁeéﬁ% e‘leb@djbla&t:laﬁtedlewmm possi bly rinsed, ang
he I's et ched uti. ing an aci
]&%"ﬂ%i’{las@% HP’E‘E?dfOW\A[gbh’é‘Faglﬁi’?F ela a%g?%h%pensed ont o
with thetrﬁgmodiaehc ie6hidel Baving @ lscbd e bingtios |aiJiBbhdl$P986rlelﬁ thetwed. | n
S | gl sol der on a
memﬂ”ﬂt?"é’ ”Ing g"f‘&o@“é"@e Q‘T%I?P(’mac c‘ﬂ?%fgcg%etﬂe\?m@%ﬂg ?%e met hod, a die
meta]hzaisonpsrtbamautm awhyossibl trinsecqandithe (HEM isgichgd a8 @ SeH®Reon. A

' dbsSiuk A R dispRtea ofith Be dicpmpad, and a
compnsmﬁ%?am%?l na gggailrreru |sf di ssgegseg ovgr the seed

soldercmencaitlb#lzmﬂp\mﬁl The phot o- def i nabl e pol yner is then
Ratul SloRedsRR0h ﬁeamsc@ghﬁ@ sSlﬂ&@h eman pro@jed. thar e whi ch

exposes at | east of I i zation,
accordaaqet\xéqh thepmethpd, £ Aig :s&?yglgéaﬁlgl&af 8‘ﬁ pa%fdixa sgd tE%!éo T
mcta]hzﬁﬁnaé folZea bicOe 8i8 p2l ﬂiﬁe@hm-ﬁdﬁnﬂﬂes;olymbn ipdisrossdprar eng an

seed meiagl%q gge pg?}?) 8 é}rxadole %oliyitr};?re i e%att%fﬂéd%“d B@gge% %t%%lat%é ﬁne

aperturcebiddb@slposes at least a portion of the seed metallization, after which the exposed

portion of the 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

t he UBM In still another aspect, a nmethod for

el ectroplating a solder conposition is provided. In

accordance with the nethod, a substrate is provided

whi ch has a seed netallization dispo Hehsaren The
WO 20040348° et al | i zation is then etched mﬁtﬁ@gniolution

conprising an acid and an oxidizer, and.a copper UBM

Tni sl eothiet aspspl amesepd dpielsCopgtingaaeider RENOPNONIS  on . These

ided & 180d0f subdiete RIpRSaIBE wiltise osef e are
provded e v B ey at T bl ow . BR|EE DESCRI PTI ON
metallizathyn dfsppsediamnNERS spqdastaliization i tien gioted 9B ARATOR ™42 o ans
comprisilléé A4Sk Eiidlah BdiR;, GRITBPPeyUBNMEcklprabedunte tekaf at t achi ng
~die to flip-chip packaging with solder bunps; FIGs. 3
meallizafod 4 are cross--sectional micrographs which show the
TRIE SR RGEr a9fects dfatiechenat distioswé hrodmdibghiCgreater) der plated in
.. accordance with a prior art plating process; FIG 5
detail beloW. 5 fine focus x-ray (top view) illustrating the
presence of voiding after reflow in solder bunps
plated igpafoag NWHFEPpREWINGS t et hodol ogy;
FIG 6 i ne Tocus X-ray tolf wevg)ﬁl | ustrating
Fithe! all Sancehenitic gspaniigusgnting f copapyIFIHe%der bunps

forattacmsg%quﬂj Qhﬁ%&@igﬁ@%tﬁsd@e&hhﬂ;ﬁ;e teachi ngs herein; FIG 7
IS a cr gss-sect_l onal mcyr %&ﬁ%%{‘? asénggglf-free sol der
Fistsnpand diare[§ross-SigpAL FUCTBTP o5 i QP EEBET” et al 1i zat i on)
voiding ﬁN&iﬂe\P?Js%@u Qﬁﬁnpmtédﬁ@aoeddaﬁtd Withen poioi apirplating prsrleﬁd [
met al | i zati on et chi ng..pr.oce - er reflow,
Flhd isgioe FP%ZW%#“EP&G 5 S“ﬁ%‘@‘?ﬁ#é"*%“?g ?ftﬁg‘dﬁgi des of the
after refibiPM solfidr Gumg platd &n actoodpsce swith & pimaft mathedology:aph of a -
d-free sol d Q;{w ne QRREVoidIRMeNd Ti W Cu
Ejgggdsaré?g?c Slxzrﬁﬁt(gn mﬁ}fﬂé&ﬁ atg_eakl))gen treated with a seed
reflow innekiabhingsyflatedin zstedanergrith thsdeehings Ferdiicor dance with the
A¢aN c@&‘?—se{a&crnﬁ'trﬂgémﬁ%p@of OeddStred sdidePingphi@ntia i | | ustrati ng
met ho

a prior ar )d for electropl at({' n&l earda}tsgeﬁee |
copper UBMA ahd TiW iQused wetaltizatign) pyhigh hastheirdredied W@PEP 54 et hod
retallizdtiO} @RGP britk io¥810éedwf dne @hiDéxidits poorwaingef dance

Wlt% the teachings herein; FIG | 1 is a flow chart
sidesof e UBME r ating a prior art method for seed netallization

FIG. § is a cross-sectional micrograph of a lead-free solder bump (with a

| copper UBM and TiW/Cu seed metallization) which has been treated with a seed

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
eiching,

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

-3
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etching; FIG 12 is a flow chart illustrating a nethod

for seed netallization etching in accordance with the

teachi ngs herein; and FIGS. 13-21 are illustrations of

a nmethod for making a solder joint wwth a UBM

DETAI LED DESCRI PTION It has now been found that the
ectedly high incidence of sol der ik Ml €

Wom%‘@?és‘?%ed with Lead-free sol ders, and eﬂscglé@?'glfs QJ%H
| ead-free tin-based solders, is due to at l|least two

UBM. factors. First of all, it has been found that
tin-based | ead-free solders are often prone to
voi di ng durin I Wygs &gs of sol der balls which
exhi bit such ' in Z SIG. 3 and 4

& halaamv Baesl EdNGH thgd fhe anespearediyibigtkingfrotesof poideFjo® 3, and as a

) he in FE | pe
failure Qg’ 83’5‘“7 "g% § Sgd Lgand hsgbmﬁ% Y an?%%*nn:?snetg f(seoh%:ll%t 3% d%%/t sol der
at least {woifsctess, Pirkt mSaIICIahﬂs Img fosyer} thias tin paspdipads fgep saldess agp fiemg
prone tc vo%n%%hqr@f&io{vng gﬁlﬁfés Sreslie bR Wil ednithtQucfvoidib e SOl der

has now been | i nked t t he
shownluﬁlﬁﬁe}ﬁnﬂéﬂmvwﬂatﬁi’mﬁs ek sraisa FIG 3 apd 158 99K at e sol der

hemlspﬁ%fétxf?q'd“ %ﬂﬁg ot pd\BckIl i u@gaetdbsanb rhddRcal iddegrivyit c al

such a conventl on I até pr g-le?%esofl S
solder i A ﬁaafxwoldﬁmt@ﬂu@ e gheppal ﬁiﬁ necaad B e ME AR o
the soldBFSint? 881 vEi@ps Ao He@rtinkdd t rmc tonesopieet afiny priodegres

e to e o i Meeon Epb £ an RO W

a conveSiSUNR QRitihd ;ﬁdﬂ:ﬁssﬁs@llﬂsmmﬁ"lét Chaeimet t he Under Bunp
ﬁ%:lgl ch%n% a?hag %Mom?ﬂf) i in ﬁl%ﬂﬂe@t@@]%ﬂ@@l reflow after

see I zat1 on etc processes.
incidend&h effvoklérdoint BEvte iwith fepd-rdgesolfies commopitions & @Idﬁrﬁbgft“m‘% hi's

solder cBﬁxgc? n‘SﬂQ i ﬁﬁo%%%%&'»& Y URRE B%Sw&tﬁmﬂoﬁ(hsm tdmg of . the

resul t o‘jng %
convenlim;ﬂd@w;ﬂftﬂtc?ﬂéfe@@llaéj@?d If“iia”é%b?i‘é’f"h?ﬁ?r@?elssg% 2&%rs over a

UBM isSiHBE Ifd% ofd &)ﬁp&@?ﬁdt inh 9f061feﬂﬁﬂs§baﬁllydloﬁteﬂblshﬂhb sides efngt h
and the |ife o

t he
e posi et B, 4 St B PR SRRMEEE AREAES VL
occurs Svafk SRR WA @Iﬂmerefdmmu@inmmdtsamm mmaﬂxfe@éthpm st 0 't he
nv i onal solder plating and seed netal lization
‘cducedeaﬁfﬁﬁ ‘processes typically used in the formation of
R ahstow bpapidistaered that e piydve-udted problepns kg Beriid f ound t hat

through sufabf%ti)n \é.l%cﬂlgﬁsqg?@go‘ﬂ%@% seR& pﬁﬁnéaa\ﬁ@ §e@@ﬁ&a1hﬂtﬁ&ﬂ gh t h e

Ive use O m cr oet ch I Ng ngs E ase
erchingprsicesens typicaltyiuseg in B¢ formagien 9f spldesfoints- 4 %“HE‘%F B t h ese
found thdk @€ %%@ﬁotcd%ﬁﬁls R feaht mfb‘&gﬁtﬂe delaive owwent i onal

d t d d t al
oo et B oG TPt ar R BBl 0,

processes. These modifications to the conventional solder plating and seed metallization

etching processes are described in greater detail below.

The methods described herein may be understood in the context of the
general method itlustrated in FIGs. 13-21 for making a solder joint with 4 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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The net hods descri bed herein nmay be understood in the
context of the general nethod illustrated in FIGS.
13-21 for making a solder joint with a UBM Wth
reference to FIG 13, a die 201 having peripheral die
pads 203 thereon is provided. In order to provide for

WOZO@?‘J%H?{ pl acenment and pitch of the sol %T/LEM§50§GHat

be introduced at a |ater stage, netal die

later stageg g‘é mfggm% ags v\aﬁé 1[%(?1%%3%@0%%11{ R4 Ilgglﬁtﬂlﬁtcrd%ghﬁé {2@3&%@? g' e

inFIG. phot o- def i nabl e encapsul ation layer 207, which may be,
AOhofXA ‘?15 aﬁ;h@é &e%ﬁa?ﬂe(éﬁwa&ﬁﬁahhﬂf‘qu%% dapCL), 1S

coat ed on di e substrate and patterned after
be, for apringt agtr@e(e‘@nmw LryeaiSChh iszeatedoaiegheidisispiytrale #1dr st

patternell aﬁ't@rr wtﬁJ a-gée\%ﬁﬁﬂzaﬁm?ﬁi edtprisha@y ﬁ]rst 19fr SUTW Sndskedcher ed
onto the resulting artlcle as, sh ov\gdla[; FIG 16. A

layer of (Cysssputisred opip e grpuliEse atticls 3sphovan ip FiG, 1 °hnd patterned
photoreﬂéf 13 it thén &)@l@djanﬁﬁzittéﬂnéd FéritheGBedatetaiizmivn ad showd i0FIG. 17, and

d h
17, and f?ﬁ?&ﬁ%é& gwﬁgtggﬁgﬁgysggdﬁ%@%miéﬁoa% ehowéllln:lgﬁr opl ati ng

by electitiplafingawvitiQREper ssloficil hdayer ofsdldry 247 sach as&i(ldwth®17 such as

tro over onto the UBM as shown
eIWHOPE‘F?QéY%OHtiE‘ ﬂ@ag%(%ﬁpln ?G 20, the photoresist is -
Advbowsin FiGp pe.dhe phhworesistyih themstrippp Ihirengh the pppbifatien sol vent or

of a sol\%%ﬁteogﬁ)g&ﬁ %ﬁ}@ﬁé "f‘ﬁé‘é&éﬂm&ﬁﬁmﬁ&qgmﬁéﬂéd ds E@B\}n@;{l is

_ as shown I n to electricall Yy
FIG. 21 jtesabdcricellydsplee eadhdliepad Ther"ﬁ@v mrw;?émﬁ pestimespllizatien maye d

be ezchem%m'fhﬂ &AbHIO N hyilRYen foRxias HhG6h, Whildthe Ei0fortRY 8fHd Red @
drogen peroxi dé sol u“ﬁlﬁn’ whi | e the Cu portion of

metaﬂwetwa g berifhed Wit (05 e 2 Yo pruequ SR OfAPHOMEY
carbona@XAHnfm Fdadkilld Hh@scaijinebltiSte.STHe bl i thefo relowehis UM

sovn SBRRTE B AETOR sl 210 B R R B ¢, e

be cleanad S@redesssryof sol der bunps 216. The resulting structure

HBYo fiblgd ﬁc%nfel] g &%gﬁizpwﬁatﬁ Gaed 111 ustrates

a conve |ona €ss used to plate a

‘composition ey 2 GBMp Bk nrqcemls@mceny@mpmd Efw@lﬁ}ﬂ% de pegd

metallizhdbR] p@hteY 2 BIRIRMES REd RposhiAaiBHkierRedh tehafepRed
|1 zation, and after a hotoreS|st9;has been

met a
Sele"m’ﬂé‘ﬁ‘@%“ietp@&mé Rbhersed Testalfizefion - ﬁger\ﬁai‘f"glm‘f Wedilect i vel y
deplctecﬁxmﬁ €7 R blch RGedpf TH: BRd &e@mzaﬁeﬁ wkd in2ad prevess oeually , after

e R

about 2008 Aathitly faciliart a:lhmm af |f1¢ UBM td iy &ie paifwhile Wceaaiingas & @@ ond

barrer, 583 1 it el s Sopg A0 ploBiads gy, v, APOLT

conductdltlefOp@ndUWﬂﬂlmnabpsmh@ct| ng as a Cu barrier, while the

SRR K,
e preErichy it B bR RS RN e

wafer wa'p@waﬁm mipyma)Tielowse bcrinsiag £3,8¢ wafen Withieigrired vigjer HP&Ry gen
steps reB&RIaROor RhiclhfRtiesipfesent dnQRt iIPNdnd @us éd3@e 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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wafer with oxygen plasma), followed by rinsing 53 the

waf er with deionized water. These steps renove any

organic inpurities present on the chip, and thus

ensure that the seed netallization will be

sufficiently hydrophilic for the subsequent

wozoo?)nﬁ%tor opl ating operations. A LBMin tﬁ@Tngfgm/(ﬁésﬁ(ﬁ
pper post is then el ectroplated 55 onto the portion
seed

o tion toresi st.
of the Seﬁﬂfée o RO ﬁ?é fe Plfoﬁ Oesg- o g&‘@ﬁ?ﬁsdth%\{—#n%%?; ed water, and
deionizell Sateht; mﬂds &R 5in pe@paoredi trsolderbathh Singohaeraybath,  Since

. .. there I tines
siguificapt suferyal) %’eﬁm *He ?l \@E jngei; or naﬁag%ﬁg tUt?g@%ngl and
commenCaMERET exécteeeitctrqﬂatlsg; thd eveferts eicallyshtigcied & 2 6908 RRIEBr i s
ashing srf%gf 5 HnloVe a%g Qﬂg?fﬁgzﬁn rftn@s it MEERNE 2 ONNARA BB wagr Step 61

renove any -organic |rrpur|t|es t hat ma¥l have
during tmtiowryall hidmpridesieonlddamd o degmentally affrciihe MaERE val | whi ch

cha:acrehémwf e lnffr. WM byGked 1686 rinSdGheth QEiBRRH afhdeyﬁsazfnﬁ eet the

ng characteristic¢s of er is
solder C‘tn??@ﬂuqnlsP@éﬁlSW“t‘%Pleﬂ%‘?PBW 2’5‘8!“‘\?\/@?@{‘ %@ﬁwg’ﬁeém&lf}% sol der
tripped GOMRRSiatek, Qi thé Hodler &proDEREId tirsugk beed tnewiikasitredchgmi t he
| JBM The photoresist is then stripped fromthe
solderreflaW-ar  and the wafer is processed through seed
A¥RibRd brbﬁatsiypnﬂuetombmw@m sequapkaie psed tofeleoiipplags not ed

revi ousl S b aNG6Bink S Used
lead- ﬁe%)sSﬁ@’F ﬁr%sﬁ {58 %‘gglg&gf%ggietgg% ers stc as Su(%% SnAg
can occud inctheSmilgy@d sadet. EreifjspramploBpisichogiding Hiefloed $¥i'di ng  can

f
cum A I e g

wmchwv:@mteﬁgl ap@rcbwwtb@ampthodsw%deaﬁtﬁderﬁ\%&?‘es‘ Ayl I's

the cros@dettfohal Bﬁfr&g%%s aﬂfmasmaﬂaarmm R vl b;ﬁpcﬁ@ﬁh‘lﬁc@aﬂd:aew th the
met hodol o 0| ct

% talr(%9 é rﬂﬁgedln t he
within thespldes bagR: ¢ SH’&’ @Fga‘fﬁ'ﬂ TFe Flegres’ 3 wher e t he
electropM@igGsocad pasdd. TmsIH@ Sldepiach frdass x-ty (thp new) loba st¢sder

unp. ,The i nci,denc. [ spread
of soldey s i R i B B B O L vl T o
appears s liie:pnedlpamans foiithie the sxddg:sblmpﬁ fkat {5t soldenhumpy) ‘hféﬁfe feadlr i es
voids arg cotnﬁni%%grle grgy %EF%% Sfled Hﬂm?ﬁﬁﬁ LA ARG HRblE Rehe

he x-ray, voiding appears
x-ray, lh@lotqtgdmthelﬂéﬂhlﬁz;tﬁ“ﬁ%%v%’%%l n the sol der hunps (t hat

I"I@ 1031916845 oS MR ad¥a8nd gr6Rssat accortdnctowiar €
onpl etely darkened

O | de h
e pesgoimpmaroiy Wi 4P P o H 2y PR S8 D an a1

em loyeﬁ)éhd:rkﬂietseeﬂ whshaaion ik baeo fottheigbut bli@to wgwtchﬂdsmlaﬂ@s o ne

t of n r oc
the Pho‘?‘ﬁ‘iés‘ Bsregg’ Pr@@%ﬁ %has% %ﬁf" ’%‘ﬂ’ holgagggfl ct ed in
'ﬁ'k:@'oc&s oftANG. SO pghs @Slsoxygsntaylmg(ﬁél dftgr \@n?bl tW‘@éFr after the

is nnSEd%?gii}{%]C E%Ll a gn?\patﬁ{}ﬁe p Qse& Bd'rﬁ@lgot(tfi’égeedpr ior to being

] toreS|st used to forma
meiallizgtionierthgn mmm@s B@ewcraemwe@“arfer AR FRE N t he

of the sﬁgﬁf(a?ermth a-gﬁﬁhdﬂr Qrfrising sdffluﬁ% aci]de@@fo‘%H Soditnt parstlfayege n

1, after which t fer jis.ri

dcionizeivgis, iR Fipuil Q1 caBPLI At PSSR BB Bor ¢ i ons
deionizddfwale 8§ S8Rk the UBM (which preferably comprises copper) is electroplated

87 onto the freshly etched surface of the seed metallization. The wagfer is then rinsed 89
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metal i zation are then m croetched 85 (the m croetch
may involve, for exanple, treatnent of the substrate
with a solution conmprising 1% sulfuric acid and 0.25%
sodi um persul fate in deionized water, with about 0.01%
copper sulfate added as a stabilizer), and rinsed 86

WOZM%’ Lhe h . deionized water, after which thedgBkioivgeh
e erably conpri ses copper) is el ectropl ated 87 onto

thefreshlly et ched surfaetoft%ﬂg @g Itallrzatron
once morpiagain prgfesply wdth figienized T""ﬁ%’r)e g GiREE" m?agal n
(prefembﬁ%fael‘éa%ffﬁbkdldewubl’(hs Bh@ﬂis:pﬁﬁpﬂmle:r))plattﬂﬁl onte tha®BMdr i ed, and

t'he sol der refer gch as
e e g o B P SR RS SRRET, *r
mcta111zda&i3§t&h@$h<sdbldbr&eﬂdwen stri pped fromthe wafer, and the

Iﬁ% e qg;dgpégrﬁﬁ%zw dlé?e%ﬁy&ﬁ ﬁfﬁ&m{i@%@&ééﬁ@% on % chi ng

depicted ¢ FIGEY. Fof axars@erin theeyetiad depicted if FIgni G G hewalgr(pdd® de pi ct ed
parncular[ 31& s%eﬁmet%ﬂlgﬁlgﬁ) &%@%ﬁ% a thifrodtBEpridEb Bt depégdieg in FI G

particul ar, the see
The use a»fratnad:rbqt@atthl@mmtlﬂsthﬁsﬂﬁﬂe@éﬁt fagpd e signitieanely SREPEeor i or to

adhes;onldﬁweé‘ﬂ EOHER RhPhd LG metaBRRiIoH SOkt 1@ stcdmatabingt thi s
olnt 1n the %ﬁocess i s found E‘)g sqpﬁnllsfblel%gndttw I mprove

voidiag i e rollgepiselde YPUEEHIE RS PRRE BHECPRE

this micrBBdpRUbdiga leRBves Wbtll oRidéxtfrotn the smefae of thafr@ccrreﬁﬂallaatng voi di ng

in the refl onwed W i e bound b
that wou{drpg@fvg;sc cpqtntiug t%‘é‘]lq%@v‘gl}]k aih sg.%? hmg\ﬁn% gr%hgsu;?n y
between &fefumv! ind@le)eed errpliesionistpadvidingiadeeh. ﬁmandgzn@agg off ace of
metal (e. 5'0 e)&&? t6 %hg Eo' %@coﬁllt@l it Mfrgre@ HHEUPM Bting is

he sane tine

conductdd mmwmgheadheschm thabeqtq]\e@#ps Wb“w aFfignce fdelomhy -
onmes&rl?ce%lflh%@&%%hgﬁorpr oviding a fresh, non-oxi d| zed | ayer

coppet%qto plateth FM
The wethat of §IG, 10 glgo differsfropthepethpd dppigtedp i g is
the wafefie ﬁ&%écﬁﬁtﬁﬁﬁ@ﬁhﬂ ﬂﬁseaf[{ﬁﬁir dolder pratiag @ﬁtc&dm;:@oustnb StCuyet. al

oxl des w || not
s condugh P st o HECGRRR QU PR e e SR TR ¢ 1 o
believed M, B Sdideightcaisnglstep tmd i @artietdndot pobegsitiog odheiPhtiF G 9 i n

process l%gq%%@% hgfgr\gfa S, {%‘ quaﬁ]nand:{f fnﬁgﬂ 8!1&6?51:&@ Bryhb, Whlch EdulB €.

or exanple, Using SnCu) is
contribu@ @dehitttieeid psbtiadetl] y after the wafer is rinsed, Wthout

Iﬁﬁxs Watpng alo?eg?@ffﬁ?gb‘ﬁ o2 1JHROK Mad-frde sbier oG | eved t h at :

the drying step (and arti
copper lfiﬁ\d),d@edpldrgg inghetrefiowpe %%Frr?g‘mﬁ?]é@étg@]yﬁ g ﬁﬁléa’%%% er is
is 1Hustr\£l\l£d 15 Ble fink lfb%usfxqw‘iﬁtﬂtgﬂt»ﬂﬁcm akcen0of b 6l€iss of wflbwgl g r¥| ng,
cou cont ri bu 0
sl bypgs A 8 s s e Bepdoloey S0 %, 0b PG 3T,
of the sdrcearsim{pﬁ @6bIS al (Reirapst mmretmmeduammdmmammtm in
e reflo etvo1q50| der bunps is virtually elimnated.

abs“'n"""? ny dig "€ j||ustrated by the fine focus x-ray of
&Ixﬁed%ovawn thdmaagl dt;akfeimﬂﬁ &0, sridder glafingds r ef | owcd

conduc Sh‘ﬁﬁ%ffp g{ﬁp 6’%@ ?}g o%:l{c}e d Gla®r grﬁﬂﬁ&ewéfértﬂhnﬁelaamﬂf&h@ odol ogy

el n, of the sol der
the typtdaliivyisg syapdioby the firkar ﬁfﬂ‘r@tb@d fses PGy %) 1%“6‘??&1“1@{1 e‘f‘ §°"ar kened,

ciroumsia s bR C@lnhht B foRIR!(84Rid drying the wafer (cor allowing the

wafer fo dry) between the two plating processes. This may be the case, for example, if it is
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absence of any discernible voiding. As noted above, in
the nmethod depicted in FIG 10, solder plating is
conducted shortly after the UBMis plated onto the

waf er and the wafer is rinsed, and thus the typica
drying step fromthe prior art nethod (see FIG 9) is

wo 2088 JI% Jnat ed. I n sone circunstances, hoygyREysbissiBY
6 e possi bIe to avoid drying t he wafer (or allow ng

f h I
wot possif 8 oy B i {hlons HOfR il ofs Bl O P DCBSS S
contmucih@ﬁf@tebé @n {uoh @R dhbgkoctse bATIE latmamge mqmiedtslllgbﬂnstat t he

Sub]BCmil%{HE (E'lgg w@ftgrg glgoi to%ﬁ%e?slat? été éxy%% ag?'gigm&e U{j:y g o P :18 8 Ie fS |S e q
microetchl WgHie thys Iﬁtgdifﬁdjhp@sstnam gllodi semeiydiding; tovefertin thprefleypedt o
solder aﬁc]ﬂneg%rls[ Ian %}e{’ﬁ}g 3 thtat? i}]n? RUAESALr ?ﬁq 1@ he vQld 10 WRSHCPYing

'S no pr ocess may al | ow sone
made inwgriogkrg with thisgundified mocpﬂﬁererts@fc Bt Hence is

typlcall); &aﬁ f &I ﬁmeﬁestohﬁgtyﬁﬂﬁpﬁ@& Faldted @f anE hiinerkfdre t he voi ds

solder  joint nade In accordance with this
acceptﬂmlsweewplﬁ’éﬁf)@ss are typically nmuch smaller than those

M&s’liar irh Ve i scMEEjdnt feIbbilEyi (Rt may be splioedmses of the

pe depicted in re thereforer~ , acceptable
a""f’rda?cﬁ “%tB He teaghines pesgin %ﬁ%dea%ér‘f?a%pr?cﬁsrsmg PR S 15l BHEM i n sol der
solder p]aﬁhgrﬂmoﬁﬁl Hoddvbd, ztcrﬁmbﬂnatnpﬁsm;nehie 1na;olderemﬁdchabﬂllac cor dance

achi her i o Ss|ng
L g i
the smnm:m/\emnamlmmntemmnmmqenmmmmﬁqrsolﬂqfu p@mg&étrbeﬁom nt
solder rffﬂ%w a?mll: ¥ mo %g‘aﬂglg ithd Sfanhfd se@cﬁhgﬁﬁzah&l' cithisg fosed an

Free so ers are possi bl e through nDdlflcatlons
can by thepselydsgesalt inipse\dmenisapIsOlst Jaint lifstizmesdtis Wi daat BeYocess

are usedtlp ?l{njug%i{ (mtﬁlthg ﬁﬁpro%&i ©REr wnﬁé ﬁrﬁ&ss&lﬂescﬁ&fd@mﬁe sol der

hese nodifjcations_to,t st andar d

6] THhstreea A PREBRA BPRH I O SRR Y RO E ol ves
whcremrtl?ességdtxrftekdﬂmhté&{i@‘éﬁﬁﬁit t hﬂl'[&\?Vl TheSprazksd Bﬁygmallmnpllqyé@ftﬂm S, t Lt
re erre a e Wi
solder E{GFF@P AHERFEY S g Fsdlé?w%ldgic’i% g mplﬁg g)eigg ei!sl':e? %@u} %gg above.
has beelFﬂn(ifaped el hftdr msiuntab efthatywoiapieed it iR R0 s bise g@“‘ﬁ% -ed for
As scengheef N%tleel)e of e Br%eg1 e glafer 1%@@101 witn bigieged .

|zat er on process i S

water. Thepéed aieta;hz@m iscﬁ;te albmt?(btp a aOPP§ GWH b‘}-” “é’i“%%@l“@ﬁﬂ%ﬁ’?sn g

soluﬁon%? n%‘%&nzﬁec‘ ah§idnY RBrodias &l s élifbnteFH‘Ea wdlerand
t photore3|st has been strl djé E&%é after a

s e i deibmeed Hee e SEpmErg o 1P ‘Been
107 with 2 24BRDhs solufiSn o ﬁﬁﬁ’og&ﬂ'}%ﬁﬁid& afté@twhich e bﬁ@t Wagnginedd t he

t he, wat er r. wat er .
109 W“Qﬁf‘é‘mézéé‘datﬁem Y4t Litheg ﬂ“‘?dgif i 3%9% H%x gse?gﬂ g)g{cao pper
the waf@} 428 thd 63de Birétpwed 15| THeeoldg flevia then smbwﬂ Elb’frﬁnd)ﬂle anmoni um
.S\%J)onat e, ammoni um hydroxi de and sodiumchlorite, The
wafer er is again rinsed 105 with dei oni zed water and
Ahpevaely noted, flteipratsiingptapsofdTHh, ié are&dlloped. e Ti W et ch 107
solder %Eﬁﬂmww@%&ﬁy \?e@thEép%}[@Mﬁqué RaeN VAL ORMICn after

er1s again rinsed 109 with deionized
the formyeftaesppperToe. tuia pact, Whick i Blystiafer Byjthe grgss-seetian] Ialéli"gff‘? X is

of FIG. 6,' will %ﬁﬁﬁ/ bk ldsiQBficable 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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the wafer, and the solder is reflowed 115. The sol der
flux is then ronoved 117 and the wafer is dried. As
previously noted, if the processing steps of FIG 11
are followed, the solder will often fail to conpletely
wet the, copper UBMduring reflow. If the UBMis in

t ormof a copper post, this effecCtpepiRioeihabsso
Wozompﬁﬁﬁg’trat ed by the cross-sectional m crggraph of

complet%lpq gue tg hF Hﬁgwx?#a 1&%}@1&3 tcop'ﬂ o&%@s@ﬂb%uﬁkgmrécaﬁngﬁggregj O:‘ t
hydrogen sertmdlq TWetthing dfthistokide Jayea i Of@net@o ick e CQ%I'H’&%"% ot wet the

remove{l%%gﬁsgﬁu%%auﬁ@[mﬂﬂﬁt $Bla¥ el eesﬂeélalfyr(‘)ﬁ e QkidsoP@t UBML. of a

ayer of copper oxi ‘des duri ng the @I_gecedl ng

To the eptpafrttestyen ppraero fisoxdy Wféfeéﬁ‘i“ﬁ&tﬁ“%qoéaWP MBer is

resist wiide®?) tleQRdd o, tO0 be conpletely renoved by
subsequent treat rrent Wi %% gol der fl ux, eziﬁem ally on
e

Hlfel 2dilgizates ope qmbadipgaf pf a s 1zfiop SN AESS Bhy port i on
accordak whthi th‘é te@ohindEheleity @ls itk thaindthiod depice@ndEG. LD, tmaprscesst he UBM

. . to en so der

15 typ‘c‘ﬁalﬁa iffé%s ﬂ)‘% i%%&?ﬁr@wg)a lb#" l%acgoere A ﬂ#el 7 at i on

of FIG. &), czind ﬁtglthm eBisrinising 1¥alrovafaninehowaddys tilsig stepsofithings

process, Eli;e wafer is pﬁ‘a%era\%y nnfe'g gvﬁ] nt&g?g%grpﬁ:g gtpérglgﬁeg‘or 11, this

solventsab mkm@plttaitnp ngm(Ifbb@fSeiﬂaiﬁaQ in accordance with the
'ﬂﬁts&:ﬁg]'p Eaugﬂ ﬁ%ﬂ&)}jactﬁ}ga ERPIERE £ wiich bhay | NSing 131

_ e various rinsing steps of this
involve, ferseampls, t“tah@nﬁfv&ﬁiérdﬂ‘i‘t%aﬁﬁ?‘@f‘ B aP‘Pﬁ%‘%‘H 3ppe.dei oni zed

ammom\ﬁﬁ'h m&ehl@dlmmlﬁglhﬁ{te Cthe ﬂrﬁ‘i@fﬁnﬁéd B35 v séecﬂs are known
he art cou

b use% lnsttg . The @1 |
motllizgedp iy iSO T b KT PERTP Lot ol SRA ot ch 133
hydmgem/ﬁérs)hdmr wikiehvie wagsr lsfmsedemmé apint Teatafveinsthend th a

sub_]ectcg Fﬁ?&ﬂﬁﬁ%{qﬁ@g lp.ger wg gH gt |1so*1rxllse 60%598;: gﬁﬁk‘%ﬁ& i< e{'er is

dried 148, annsldet b5 dapeaised Y «m@e@ nlmf-tdablﬂqr,zaa@ thpspldesis sflojalct ed t o
149. Th@?f]&ex\ﬁlgg 1§H|elilrer§gved iyl DS Eh@Waﬁér MJ& an aq ueous s O| ut I on

rogen per oxi which the wafer is rinsed
H@@e@n@@m@émﬁlﬁ mélffmfrem thﬂéﬂﬁf%#l’l%%ﬁ%@ﬂéd to a

in the us@of:e[ RRlcEbn Aeddne BV Bh aldWubRqicht ringe. WHaS @6 selél3 one nore

ime. The wafer is then drlgg %1 tﬁt lﬁ etﬁ fdltux i's
mﬂ‘a“‘zﬁﬁ"g plehiagpioopss P I 13 it Yred ionteaeldes gblgiythe sgider 't LR ger
completé1$ whithd OB dnchibith@ the'ﬂﬁés theadofias shbivuiio HIG 8t Rathowteisbimed 151,

and the wafer s T FIG 12
to be bomr&f%p glﬂgry,\flgﬁig)}%b?lﬁged IF%I dro teh%l el ovgl%g th%%ﬁéégettc %f JDQLIE}]I t he
oxides fmsahem‘urfa:emmrewm]y ttefsides; oitthﬁeUHMW batdhe serfadesofibs equent

t cess of
0B 186 s ) e 250 o 5! g, A SR RAERTERS, O
area of thmlrddr mﬂopperomgfaeét i inised, tbi soldgiving has eptive] s¥gigthe si des

andtheﬁi@gﬂg@io)de ASinSDANAnikda, FI G 8. Wthout wishing to be
boun theory, this is believed to resuLt fromthe

Seé%ﬁ@%lph%glcap B e PP A TESFOctrB PUFISBHR B ethds m ¢ he

descnbe& lﬂérfaxﬁ CP8feraBlh, dhe%ﬁlﬁlﬁiﬁhs?dd ajfuebid@olalicil@8an cafdizétued WBMdso t hat

rface
and more. prefer %ly, the so utlon isa cli] l%tc aqueous solution of an oxidizer and an acid.

Most preferably, the micreetch 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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UBM are readily wetted by the sol der conposition
during reflow. As a result, the surface area of the
sol der-to-copper interface is maxi m zed, the sol der
joint has optimal strength, and the life of the
solder joint is maxi m zed. Several solutions can he

to performa mcroetch pursuant tg-rhR&eBideeds
wo 2003@§4g‘5r0| bed herein. Preferably, the solution is an

sol_ution of e and nore
@%@?@U%%Wf aiy pgrtﬂllfa?” qso'ﬁélerged%n% 'ﬁﬁggﬁgﬁ%&%ﬂgs sol ution
ewployedfin dEmekods iaeibedeatinayarigusiother oxMirsts may befuseddbiby, t he
nicroeu s SH fetutf Bell rHbCinARBH AR Bk O BT
persulfag] depissmuopme sulfate, chremisteihduidpgen gergideyPoREiH 9l o
silver HIHBQ n&fn’e @!etolﬁfg%lg Iﬂm{)ﬁkeoxi@ %n@ferrﬁ@ﬁibﬂ@ Paigdl fate, is

ferred e mcroetch solutions enployed in the
comblnaﬁrell.tsw@tj@ lmare P threcloRitesingy AN WHs ot her oxi di zers may

é?&ﬂéfﬁ;e.ﬂmé {hbﬁ%e omlﬁﬁrmahah pSeBirdd in@RSniglesdr i bed her ei n.
Thesé i ncl'ude, for e ‘ﬁﬁf ot assi ym O{d“%a i um
solutionpappieyed Hiths Va‘%f’é%‘l“?ﬂ&o %?ﬁﬁ%ﬁ? TS AT ON Rei d,
be used tby:ﬁ’dk@ @18 BolieK @iofteuelynoidivS Thaseintlodtiothanic acmds kuchns, fort r at e,
examp]etilﬂe%?eglé p%gxeifi,(gﬁ%y a%% gc eEcrdo félcttc aculf'l qx?d ox@lﬂ:%ad Ehb ic

WO or nbre of
inorganit h@&esum(asdbmmlamyma¢1¢<bycbechlﬂ>sleehd Birigigidychrpmica| t hough
e use . hbSicidNinll BiBfofE Cr oet ch
acid, hyérg ot 3%3’ %&%Pan}é ‘(Lifﬁ hﬁ&bﬂugh\é/gﬁ uogIr vt hods. descri bed
acid. V&r@meqom,bmmuﬂqﬁa@ %mh@rof@?aﬂie aeidsipgy algg &wgsedpe, used to make
i GneiBld e? scHBE }Bﬁfn'n?asr% Ysc@fis6lig Flaﬂ_ﬂ'gféﬁ@sebmd ude

organi c S such as, f or exanlj cetic la
metaﬂlzaum pic@na@#@nmﬁh@trmve%@maﬁ anydyngoEsolder el aC| d,

solders @Bb) Qaadtﬂeﬁeﬁ%ﬂd soRdeek shthE G RkBopRCSIBAZ, snnbggm andf or .
Cflen ase oric aci

nitric rochbag[rlcfgw
S“PbSbéﬂ?%%n}@weﬁélﬂﬁse’?‘F%? ‘Eﬁeé R "WYY GCyENI ¢ aci d,
conjuncﬂdhdhﬂhfléaﬂ-@féd wldas,idge to ph@&piy@f these amﬂlaﬂologntho overdomni c

Vari.qus | nat i BlefAiiret NESE
mfm“ﬁ%‘b'ﬁ?eﬁﬁfim%gg e Used, Sd{lﬁﬁp 552 {mo[ﬁ@ Fés “descri bed
solders ih@mery he wsed/in bexjuesiod with the me@edolqsiea@eﬁ findecige,

0 t ehi DR{CINIRhSH, Qﬂﬁo| ve al nost
but are %?E‘g‘l[‘éd tg@lt‘(;‘ M%d%gga?r?glﬂﬁgﬁ% tin-| ea%l ers (SnPb)

SnBiAEn IO foldbi b 1ol e megfioglpaies desgped kereln i Inpl e,
SnAg, s§ﬂ§’é}ﬁ9 prefOREDAE BB use@h these SRS 80 WillLs N iddopueiity , t hese
hadol ogi es are particularly useful when used ill
Pfefmeéonj unction with |lead-free solders, due to the ability
e s&lh‘@%l@ctﬁiﬁhtth@dmse@llm&lltzmm‘ﬂehmmﬁ:essbsrﬁsmpwﬂt i es that

_.ar ec II reva ol ders.
herein hgxe dg ¥hee eré% ecrl%sryg@? a{“g%%&ﬁ eggﬁll\ged in
Howevee,@ajhlon thibde mmvdstrriay tlrebervedochnivogsive wittiwaiems igeae fer i n

ude b = PhNn aroNAgCU,
pes ot i Phboe o ligiel A S R Ut Pikign o009
used in gopjudeios wlﬂu Frackgd BNGfit ip preferiest tp by diluyries 288 hed her ei n
mmmet%t h SnCu, SnAg, SnAgCu is preferred, and the use of
ese net hodol ogies with_SnCU is ege%%m al Jnye

CTC1M.

pHimsthad foeglectroplating solder onto a die has been provi
method, which utilizes a microeich priot to UBM electroplating and which eliminates the

drying step between UBM electroplating and solder electroplating typically found in prior
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The sol der el ectroplating and seed netal lization

et chi ng processes disclosed herein have been
described primarily with reference to systens having
copper UBMs, However, each of these nmethods may al so
be used in conjunction with systens having other

wozof{ﬁﬁ%ﬁa} of UBMs, especially those, corrprlic% dgg(mg}bﬁéggl

t he nethods di scl osed herein are used

art procgs?%y Fﬂ)ﬁlﬁd (@R b meldéﬂcggﬁlmdl{f@%t flebuehtfy e@é&ﬁp@lﬁés% to use

nitrirc acid as the mcroetch. A nethod for
reflow aflege-freepoMlerichmRgsigerischas ORI a4eEw bppdbeysen el i ded
metaihz!&&Jn%&‘me A%Eh"d@ﬂx et%gcahmﬂi hds kBESePprBiigaomadich pri or
ect r opl atugg and which e|im (%eﬁ the drying
may be §-'teé plom {Reambingv wittBs preyiusmpthey Eh‘amgt P8
utilizes § kitGdetcl B (ML (UEI@ dt@d $oftkd rb’fld‘v&)id lﬂﬂnd i) pfﬂ;ﬁjoﬁ ibetter wettighof

t t he £ voi di
e UB ity g 1B BRI GO BF OB, 7 oo

greater BRlagElifetBRAPOSi ti ons, and to ensure a stronger bond

et ween the seed et aII UBM A net hod

$%¥M§Fgﬁ mﬁﬁﬁﬁﬁFﬁ’ g §%§%%§%Mﬁgg%&%ﬁﬂ: whi ch may
intendedd® bel ﬁmtxﬁn@llmﬁ thos be appre@aids thr vatiows aquns,tsmuw@vm«ius

Met ho g he0of the
oty it o BE RO acol Bl sfio ke b D | T
scope ofiie prpm; uuf»nhom Hescouingly tthteseapp ot thegsestnt inpetiphshewld brer
conméﬂhﬁge?enﬁeh@ﬁme Apedoldims. ger surface area and that

greater average lifetinmes. The above

description of the present invention is illustrative,

and is not intended to be limting. It will thus be

appreci ated that various additions, substitutions and

nodi fications may be made to the above descri bed

enbodi nents wi thout departing fromthe scope of the

present invention. Accordingly, the scope of the

present invention should be construed in reference to

the appended clains. WHAT IS CLAIMED IS: 1. A nethod

for plating solder onto a die, conprising the steps

of: providing a die (201) having a seed netallization

(211) thereon; etching (137) the seed netallization

(211) wth a solution conprising an acid and an

oxi di zer, thereby formng an etched seed

netal lization; electroplating (87) an under bunp

nmetal lization (215) (UBM onto the etched seed

metal Iizati on, the UBM conprising copper, and
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el ectroplating (91) a |l ead-free sol der conposition
(216) onto the UBM 2. The nethod of claim1, wherein
the acid is sulfuric acid. 3. The nethod of claim1,
wherein the oxidizer is sodiumpersulfate. 4. The

met hod of claim1l., wherein the |lead-free solder is

wozo@ﬁig@hed fromthe group consisting of,§Rfbhes30h, and

5 The met hod of claim 1, wherein the

W ks a dilute aqueous solution conprising
Tié)‘#‘]u | aC| d and sodium persulfate. 6. The method of

claim5 wherein, after the | ead-free sol der

1. X UTROP4 glé]ﬂig%éoﬁerogkoea%g %ﬂpﬂglﬁh&ﬁgpp ot e UBM the die is

expose zation etch (137), wherein
prividingredip (A baving 2 secdl mefalbiwfienPHI eree r st | ayer

é‘t (135 ket YMARGiA (ﬁmm shigtR o SHERE bifdciiGnd &OPPer

erein the seed netallization etch includes
0"1‘113% i*@&‘?yrf%‘ﬁ‘fng\ﬂ]‘ eiehedserd mrtdli@lomer oxi de solution. 7. A

a&&&@ﬁn # @1 8 ukdi MgipaRatiaden (NSITUBMEHAM the &etied ad (UBM)
nprising the ste providing a die (201) having

)

metalhzé“‘%‘e‘%"duw AFRUIFIDE P aE”gll) a UBM (215) disposed on
dikeoAiagonatakfiee@lidcomnpattdn &16)eatd tel@.sol der
conposition (216) disposed on the UBM etching (137)
the seed netallization; etching (141) the UBMwth a

2. Tielnsthed sfolaint 1, oherein tip ndidis sjfudgecilci d and an oxi di zer;
and reflow ng (149) the sol der conposition. 8. The
met hod of claim7, wherein the seed netallization

3. Homptdeslim Weheren ths oudist sdodivip psulizter oxi de sol uti on.
9. A nethod for plating solder on a d| e corrpr|S| ng
the steps of; _providing a die (201 a di e pad

4. W@Q}h0ﬂ?f§bl?§1ea’h?rﬁép’é&?ﬁd" eefSBIfi?ﬁlsrf o I |ization

consistifglol $HCUOSNg, dnl SR, pad;

3. "The method of claim 1, wherein the solution is a dilute aqueous solution comprising

sulfuric acid and sodium persulfate.

6. The method of claim 5 wherein, after the lead-free solder composition is
clectroplated onto the UBM, the die is exposed to a seed metallization etch (137), wherein
the seed metailization contains a first layer comprising TiW and a second layer comprising

copper, and wherein the seed metallization etch includes treatment with a hydrogen

peroxide solution.

7. A method for etching an under bump metailization (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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form ng a photo-definable polynmer (213) on the die
pad; patterning the polyner to create an aperture

whi ch exposes at |east a portion of the seed

nmetal I'ization; etching (137) the exposed portion of
the seed netallization wwth a solution conprising an

..d and an oxidi zer, thereby form ng
WO 20@%}%}4{1?0 m{lﬁ%@? 860

on of the seed netallization; elec ating

(87) an under bunp netallization (UBM (215) onto the
etched portion of the seed netallization, the UBM

8.  Glemumttios bivipine Bpyherein terebd adeteivatioptosnprisegy T(WOand igetdhedad- f r ee

witha;%%lxlgg{oluﬁ?xpposni on (216) onto the UBM 10. A nethod
of electroplating a solder conposition, conprising

the steps of: providing a substrate (201) having a

9. ﬁir&thlg?‘lgrlglgtﬂglolﬂ&%@%ﬂﬂﬁﬁﬁg&@é’ﬁtﬁpQ@DOSi ting a seed

metal [1zation (211) over the substrate, the seed
PETIding 4 SoRPg havingdisrs PRy TeRpde8eposi ti ng and
Rebibet ahibaiRAlEmpstRis GA8) over the seed
metal lizatjion su .seed nmetallization is
EoxpipgaRfoteetmale 9‘%&1’3“’5 ir(ﬁé) OBFth%}?@acgi e pad; etching (137)
biermm g @el pdlgied ko creartah spertas thictempaesiatiesst apuEnwsths ol ut i on
f.sodium persulfate; electroplating (87) an under
seed m 'Betal | i zation (UBM |ayer (215) onto the seed
erettin] (137yib¢ ¢xpospd paneon\dBi ssedupatdliiziaiing vabgselptionand
. . ir [ : e UBM the
cmmsglijgl%g é{l&gg ?ﬁnééxngze ’g%%déygfo r og?‘ﬁﬁtetﬁﬂeeal)g%%ﬁgtﬂ%osﬁégi sting of
metalligi@u, SnAg and SnAgCu.

electroplating (87) an under bump metallization (UBM) (213) onto the etched
portion of the seed metallization, the UBM comprising copper; and
electroplating (91) a lead-free solder composition (216) onto the UBM.

10. A method for electroplating a solder composition, comprising the sieps of:

providing a substrate (201) having a die 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
persutfate;

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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