METHODS OF FORM NG SOLDER BUMPS ON EXPOSED METAL PADS
AND RELATED STRUCTURES Rel at ed Application [0001] This
wappbkiteabd on clains the benefit of priority frpoT/USH05/012029
Provi sional Patent Application No. 60/561,863 filed on
April 13, 2004, the disclosure of which is hereby
i ncorporated herein by reference inits entirety.
Field O The Invention [0002] The present application
r el METHIODS 0F FORMING SOEDERCBUNPS ONIEXPQSED
parti cul MEPALIFADS ANDREEATEDSTRUCTERESNNecCt i on
bunps and rel ated structures. Background O The
I nvention [0003] C4 (Controlled-Collapse Chip
Connecti-on) is use (integrated circuit)
chips to substrateghh%ES?gggﬁ%%éé:packages Mor eover ,
@000y a This ppplivafion ekimothe fynéfit ofipriotitytfinem U.S. Provisional
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herebﬂﬂccﬁﬁ%ﬁtgg:h%%% bféef&% QaliRQysmey, provide relatively

|p i nt erconnecti ons. [0004] C4
technology has been used since the 1960s and has

proven reliable i ond ctor field.
Hi storically, PbS ‘ﬂpé%ng%ﬁng PBer has been
el;ogmr at g LREQH APplecaliBh AdlatBPHHKhe fibldidTRI1cbB8RRSs, and more

ectrochem cal fabrication of C4 interconnections was
particularty, bomethdds Sbformingrintsxconpéasion umps epdreleted giructures.
"El ect rochem cal Fabrication of Mechani cal | y Robust
PbSn I nterconnections”, J. Electrochem Soc, 142, 3779

(1995), U. S PaBacl{\gi'ouﬁdlﬁzﬂ?eﬁﬁvbﬁ)tldﬁmg, and WO
96/ 30933, the disclosures of which_are hereby

i 19863 Ipor &6 dGoriselisdrColiapsm Ehip Gannestian) inysedde e?rtrﬁefelc
(1nteg1§eﬁ c1rcv](1) ﬂ @ésntg RS iRLEr il g&ﬁiﬁ% s€ NI2 véarV?@‘?srﬁﬂi Qlhip

nEnS|ons prOV| oser pa
techno‘idg@ﬁh RghicH the g&ércmﬁieetlsns ramyjbmprolvﬂimé simg | reliatigel g sinedld selder

ving a _higher content of Sn% ‘gogggl U. S. Patgpt
balls ofadhe B 3Rfae0 Pepasn Sdaan BER ATTEY: G logy may provide
relatw@quﬁ H ﬁ%@%r%@ﬁpﬁ%&&ﬁ%t{bém der joints. An

em cal ricated C4 i nterconnection may
h[ame4]a b@4rtecémologyé1as besnwsed sintethe 118605 apl ks oven reliable

tin- h np .an i ngnet al
inthe pypongip R el (ORI RS RErar™) =D AT S PR E g
througWBt Abthith 8. Tk GHB PIg0aCHedtb chdificalTabricatibf of O4dBtercohfi€tions
arrier layer may be el ectroplated through the sane

was inprlodtasde Sk tfor example, M. Daita, et al., "Electrochemical Fabrication of
Mechanically Robust PbSn Interconnections”, J. Electrochem. Soc., 142, 3779 (1995),
U.S. Pat. No. 5,162,257 to Yung, and WO 96/30933, the disclosures of which are hereby
incorporated herein in their entirety by reference. Electroplating may be more extendible
than evaporation to small C4-pad dimensions, and may provide closer pad spacing, larger
wafers, and/or lower-melting solders (having a higher content of Sn).

[0005]  U.S. Patent No. 5,937,320 discusses barrier layers for electroplated
PbSn eutectic solder joints. An electrochemically fabricated C4 interconnection may

have a barrier layer between the electroplated tin-rich solder bump'and the ball-limiting



mask as the solder and thus nmay not require a separate
patterning step. A thin layer of electroplated nickel
worgsaerye as a reliable barrier |ayer betweenP@I/US2005/012029
copper-based balllimting nmetallurgy and a tin-|ead
(PbSn) eutectic C4 ball. U S. Patent No. 6,622,907
metallutigy thas peosecss thadarminad mstal sudg ballybritipg st rgolromtasck by
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mask ak fige0doldd ah® thub @i=8inot fequirb @ isépagatt phtedriing btepe fAethimhager of

Summr_yl@'[l10006] Accor dj n%t o . enbodi nents of the present
electroplaiesii¢heh mapsee as 2 gxliaplsrherriey layer speeen wpppesthreicdt halls

o ' Oy di t e havd t al
imitin R0 A0 £ Yo P cBiA0RE CRLELT UG T N Bl2007
discusdek b Sherifividlisest lajertphecesefoalforpang @4 tshldar stz Mihe disphseds of
ti f th I d i_ni
U.S. Pmpﬁ,%,@%gﬁgi%ﬁf ,6;2195 ia%:lr{%? Ofingoqrgorate’d herein
: ] J structure may be provided on the
mthe%%%t@%tﬁ%?@éﬁ ég?‘?'i er layer so that the conductive
barrier layer is between the interconnection structure
and the netal pad and So that the interconnection
structure and the condd®®™®Ybarrier |ayer include
0\}966@ et BRI t6 bibodiBRRAE of YR SreRa tvemtiGH, mbthda ol ng
the conductive barrier |ayer may include formng a
formingandiestiovie stuetdrd myeinchnde praviding alsulpsmtedrdings mhtel pad

substrate. The. conductivye.barrier layer .ma e
thereoB aopudivg bRBiel B LRk b8 el ot Ve ra R EC B8 matelpad 4
with a k@Rl eRPosell Boftion F tHRAhétaDhdatmbhiend R tRe SoriRictiVebarfer
second portion of the seed | ayer on the second portion

layer. & additiom@nanteysgandcsion pisectye maydbecrsavided py thegapndpgive
] _Th , i .t {
bamer&%}’g?é%@aé efscr%glgh{l]%wg %éltﬂeceg nﬁldafg {)lgrl{%ﬁ%%go © {nﬁ%@cfnennt a Onp%%@we

and th@fdeedl pa@hRrdo thed tie frercdmgctidiestaende aid the coaductiee barrier
layer. Moreover, renoving the second portion of the
layer inelade diffpesnt malerialsc| ude et ching the second portion of
t eed S ] . Sclde
B80T 5 MY Bl BnfietH GROTLHG Mo lahycR b Shctale
formingredomdectivieaktd/layértdn the sped pad end brethesnbuetd. vVEherandidive

. l.ayer and the .netal d. [0008 d d
barrien ey e SHPTRA R e o) B e RRB T R gm
first pdH8bA bEThe! NS pad 86 1181t RYEJInAPofon! dFERERRE UGkt ¥k tHRAEEIHA

ayer may extend beyond an edge of the netal pad. In
portiomdfiihe inmetal pad is freanfahé eepduadvw heatierdaydrayide seappd fpertion of the

e Ly TES OSSR 65 5 R I Ryt i 01
selectively forming the conductive barrier layer. Moreover, removing the second portion
of the seed layer may include etching the second portion of the seed layer using an etch
chemistry that etches at least a portion of the conductive seed layer preferentially with
respect to the conductive barrier layer and the metal pad.

[0008]  The exposed second portion of the metal pad may surround the
conductive barrier layer, or a portion of the conductive barrier layer may extend beyond

an edge of the metal pad. In addition, an insulating passivation layer may be formed on



on an edge portion of the nmetal pad so that the second
portion of the netal pad is exposed between the
w@oenwdaepve barrier |ayer and the insulating PCT/US2005/012029
passi vation layer. A portion of the conductive barrier
| ayer may al so extend on a portion of the insulatin
the subptaate swatinding thy me’ral pad, axdth the oxsubating passivation dyiey exfendang

t f .th t b '
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may be substantially offset with respect to a center

the congfictiveebantierdayss atky Al0oadEnd Angenastion ptha insylating@gssiation

ayer. eGSR aobiie Rl B e bl St LB AP BE°

substarRl1l% laB gnddayH re@pébt & $erlt® of Mg MetaDPach oPEérdtebfahe t he
second netal pad, and an alignnent of the first

conductiyp dergier layenmay pepubsippbally effset Wi respeetie arqepter ofifbe apetal

pad may be different than an alignnment of the second

conductive barrier |ayer relative to the second net al

[6609] For Aexseondl restall e nﬁa}r d$o boprduizied ve tikesubsieate | amdehe first

may be substantially a ned relative to the first
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be form B e R e R e S Rt Pontive

barnerll.@;ee relative tb ¢hesfilssmatat pad tgy bé ﬂé&trerit mham dni alighmeit afdhé on

relative_ to.the fi sI ne secon
secondcGHANRLVE PETIRS FELICIE 0 IiessCe rofiBCRadh ioE Framige b firs
condudtﬂze %aﬁfe? %fér ﬁiaﬂr 86 gﬁ&&nhsnﬁamgfﬁdtraaﬁmo&ﬁ@mn{%@bd and

first and second directions may
the secdndl ﬁmdemtwe @@ﬁ&ld]i}’ét‘hmy et @bsﬁemﬁéb’tqfﬁnt @lartl}’ctt@ﬂ@ saeopd

clude a_copper
metal il g AL BA it ] AW PREI D0 Ch B oy e
ina ﬁrﬁkcﬂﬁcu&[‘fylé?fve% t}@ﬁsﬁrﬁ@chﬁﬁaﬁi atd e GesdAd cbhdetiva bhdrief layer
| ayer |nclude ni ckel , copper, and/or alloys

-may bg Wé’s@@ﬁal ot ies soRor dinoHion Felaivesto thetagpad W&{al pith apd ghe
O N s R R

ive barrier layer may include
nmooks! . - TeOntdreAareotich ftgicture anstiihdloded scﬂdtéidﬁiﬁrrmﬂ&r(af
the present invention, an el ectronic structur
copperi et Uacditiontbe msial pﬁémaafgncéuiﬁea lumirgiggy CORBSTeBRIc, uor
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BAbii]€" According to additional embodiments of the present invention, an

pad.

electronic structure may include a substrate having a metal pad thereon. A
conductive barrier layer may be on a first portion of the metal pad with a second exposed
portion of the metal pad being free of the conductive barrier layer. An interconnection
structure may be provided on the conductive barrier layer so that the conductive barrier
layer is between the interconnection structure and the metal pad and so that the

interconnection structure and the conductive barrier layer include different materials.



| ayer is between the interconnection structure and the

nmetal pad and so that the interconnection structure
wa@e@stimg9zonduct i ve barrier |ayer include diffRCENE2005/012029

mat eri al s. [0012] For exanple, the exposed second

portion of the metal pad may surround the conductive

Hao13]er meeeqamptﬁr the mosqd@nccmrl poteorcefithe otetal padmayi er

surousfepBTHen S bR FEEF e BB SR sty B R e by
extendDePSHd A &1o8RY tifhéalpd. Thaddiasslan RaehlatRigthakditation layer on
i nsul ati ng passivation |ayer may extend on an edge

the sustrateinagy sfmom@ thegnetpl médalgldh@ stilating passivghen fryet mah egend
on an eb‘%? ng}%o% of K Ve mety ds‘ﬁi&ﬁﬁns u%e Ee‘é@ﬁ%p(&)@?g |%\?} Q%%éta?’éad is exposed

betweddthe @Mﬁlhctl‘ae peetitd layerahd tiReinadatihigaiassieativar Tajar M@yesfer a
may extend on a portl on of the insulating passivation
portion aljthe condugtiyr barrigh layeranaondendtanapestien pEfue|iBsistingay be
: Tl
passivRRTRAR, hepter B RHalR op P BiEr bty Be SERAHHR) plia
with re¥pact bcEa sethatcfithe mbtai/ paf, bs e tentertdf t]nea@cmelubtntecbmadaya may
a second netal

of the t al } 0013] I n additi
be subﬁaatl yvnﬁ tﬁmsa tfbﬁC%IH%r%f ea%th the first
eco
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ctive barrrer |ayer I ded on a portion
the firsifand becosé owted paey Mlng)amgzed\ﬂp'aﬁ pat 4 sacohd cdn}d,uc‘eme barrier layer

nt of the rst c [ arri
may b piodideg Enecpariiat o4 e Secnf Heth e PP b fbyin R i limmpnt
of the ﬁf‘st BbABHP barflbr Taher r@l@ﬁ@m 166 ﬁﬂ#ﬂ eilekal ©ald Aiayi R diffesS than an
relative to the second netal pad. The first conductive

alignntsat off the sécané pomﬁaytlmb@ublshamrﬁlatweytoahﬁ gevend matal made The
first i
I M T R

and thé S6cond comtuslivdbdried ly@mal Ee&irufb@thht\mly dfhet felatisk to the second
conductive barrier _|ayer may be substanti al%\é of f
metal paql. dnfppalermgtiye dhe Bt mda%w&afréertl%@r mayde %talpﬁaz\wffset
r
in o i el PARAN SRIBIFLENE LR LAA B JoEBICIBGARR b Iy
may bé bﬁsmaalmﬁoﬁm &l a padndvdiréctioheclbiivesto thesecoad arethl pad with the
djr ectqﬁns bei ng di f%er ent. [0014] The interconnection
first ang gegend digectigys being diierentsol der bunp and/or a copper
p an 6K sERbuB R AILICH HBLV A, b
@%gt]ct [ gg@ggf&(rél er | aysér and taﬁe net al ° pad, with t hrea1
coppespmst] ahd yaeedlagertthay boprduicied betwsen thes:ontiagtme biarridr dajien gnd

the el it HEOpRLT e ST Grv PO ard bR gifforent

materia@ %@ tierg pad Mdﬁﬁclh@é’ﬁﬁmﬁfﬁﬁ(n IcBppdtdgolA] idR)r alloPPBeFeof; the
and/or al |l oys thereof; and the 1ntefconnection

condusm\relhamnréam}naynmludl%msbﬁtld@ppam dndier dlnyp dhereqfpard the

lnterccpnnecﬁo%usltr%[:qu\{é may oI &e solder and/or copper. More particularly, the metal

pad may include aluminum and the conductive barrier layer may include nickel.
[0015]  According to still additional embodiments of the present invention,
methods of forming an electronic structure may include providing a substrate having a

metal pad thereon. An underbump metallurgy layer may be formed on a surface of the



pad may i nclude al um num and the conductive barrier

| ayer may include nickel. [0015] According to still
wa@dasioasal enbodi ments of the present inventiPET/US2005/012029

met hods of forming an electronic structure may include

provi ding a substrate having a netal pad thereon. An

metal partiwith thepnetel pad| being betesasr theraydaseurhp metadlusgy layenant dese

f thenetal pad wth th tal d_bei ng, bet
substl G i v el o e PGB el REL SR e e
undertidhy nefallludy Gy BYinb ®efvrdchEik Ririttiaydtade timbtal pad.

metal lurgy |ayer wth the underbunp netallurgy |ayer
Moredyet, 45 eb@te{se@ﬁﬁq barippleyeranay by eonfemmal phd ragmest togheySurface of -

e R
differep@ehatopiath. thhaddido,iasoldeapampain Behformiedien therfarrier layer with

nmetal lurgy |ayers may jnclude different materjals, In
the bagrigglayen being baigreer heslast bamp pad thsrupderbymprpealiggy lagper, and

i i i the sol d
the bl el bidnt B3O Fnay BcHiqeATHBRpORMURAR, |he, Sol der
bpoodsker Avgendimytd yehadditirmbembodimensofittrcpraskat invention,

different materials. [0016] According.to ye .
methogg gf f%irram HGPWéH?lgmB?m Rachdeee; danwe%%%? having a

metal g@& hef: npknfﬁae%nalg%e@ﬁﬁgy gégg} ﬁla?golé WS o P FAaE gﬂme

roviding a substrate havih ne pad t hereon.
metal padiwith tinpmetet ped being/bdtagey thempddburhp mta gy Rystuanddbe

st e R M 0, 2L R bl et e
underB@hp %nl%fauh@gyyqay%ﬁng%ewm PhirithRy&gdheaRtal pad, and the

metal lurgy | ayer wwth the underbunp netal lurgy | ayer

barrieblaiyercpnid shevawiermey mavetliegy lpyey snayadneluddifiesand mapesipls. and

the barrier |ayer e Mn I A M.
Moreyl?, 8L B s 20 PSR R IB1 ) el B e
betwebhl TR sBRYr benp efided vadetbi@pbastiil @ty layer T bairiediayer and the

barrier |ayer being between the sol der bu an(g th
solderdmmmmwcﬁ@@ Arffeipgynaterals, andRoginn ¢idhe PAGRRY ORe

. . 0 i ,
expos3SflsaP iRy [Rterbity HERISL NG hTRERELB0E and e lder
bumpt he underbunp netal lurgy |ayer, the barrier |ayer, and
the sol der bupp. [0017] Agcording. to nore enhodi nent .
ofO0IRE. prAcSBHETS VBT U OAHETEH BEF BIFPE RVt Sligoric
struct%lﬁglga‘ygﬁclﬁdéé' Btk faltidyiatfetdl SRtALrefREhd ALLRRMEAS an

unp netal lurgy layer on a surface of the netal
metallmagy laydrtontasurivet of the awtd pad withahewetal phdbeing betvieap the

i S A e B o
underblifp HREERBH MRy FRYiH the b¥erbanpmdghigy REEVESAg béiReen the

barrier layer and the metal pad. Moreover, an entirety of the barrier layer may be

conformal with respect to the surface of the metal pad, and the barrier layer and the
underbump metallurgy layers may include different materials. In addition, a solder bump -
may be provided on the barrier layer with the barrier layer being between the solder

bump and the underbump metallurgy layer, and the barrier layer and the solder bump

may include different materials.



barrier layer and the netal pad. Moreover, an entirety
of the barrier |layer may be conformal with respect to

wo b@sgouupace of the netal pad, and the barri er PCEHYS82005/012029
and the underbunp netal lurgy | ayers nmay incl ude
different materials. In addition, a solder bunp may be
pi0@il«$]d ed Asaording toatill imare prapedimaitsiof theeorbsent ingentiony an

cloctroy el U7 Toatite SthFdie PR Rt AL HRERR MR o) v
underBM[ﬁJmHQMuﬂglyQé}*éd én dishifadeadFithdmeRl pal with HhBtalAsaiettiang

to still nore enbodi nents of the present invention, an

betwes) e tpderbwms metplugydlareand ihe sibstrate s Adwrrerleyes amaviks a

providfE b el ARGy Bk SRR R e 2R e

betwediethebertiet getundahd el prd,ant lﬂl’i@bﬁrﬁﬁ‘)’l@ier andl tHehmderbump
substrate. A barrier |ayer, rovi ded on the
metalluméam mRyialude diFfgrent miaterialgy ﬁlﬁ adqidony afakdst ymp may be
g i B
the undebap mm@gdhir@}ykayemﬂ“ylelbanhardwed eifid theeoldenadrep trmlysncltde
rovi ded on.the barrier

additio a, sol e
differqub maferigis; #nc o awf itk 63%&3 YRS BepHdiachY 18 Hicder
The barrier
e B b R S o e
naterlals and a portion of the netal pad nmay be

exposed adjac t t he.un netal lurgy | ayer,
the barrier | g}éﬁfﬁfﬁﬂdp?%ggﬁﬁyr N Bri ef

Do) Pt iradird 1 ALearDersh-88%iohA0ASY s fuSiwdtRig steps Of Bring
cross-sectional views illustrating steps of form ng

electr@n@siruc@n?s:aogondmtg eadodizaantueliye presenibowniemt s of the
Ct@g@fs el Vu%]st AL ar{e g&))%?—%ect gﬁr\ggwgiﬁiug%raq{n stefp(s) rorfn fogrgnmg

ona VI ews | ratlng S

electr@li® ﬁMcﬁ&E@a&bfdﬂLgt to mdgitieaslehthodinéas aﬁrﬂe pre3adtlinvention.
enbodi nents of the present jnvention. 0021¥ Fi qures
3H0B 1k e FagusessiABAre 10a5-Seationa! Yiewsdlupiztingsteps op forgrng

electrcfn% gpf&o I a% &%Iﬁ]‘rod% 16 sﬁﬁ aHE 1%@%&%91%&1@& thQ Rfetséﬂt invention.

ments o e present I1nve
[ 922] FiFjgiresAALS- {ie aross-seamaalsdews Dluatratirigesteps of forming

electrc'g{l,% Srskies soqend gt slcBiei EnbedmrRes Tapeie: fredin
Bf | 0'?*1%1.{1'&052%1 aid BHeSarPvie®s 0fBEctforR SrRhals é(dc@i’éﬁng to

Iectr Ic Structures according to enbodi nents of
embodlmen‘qswﬂmpresenmmntm [0024] Figure 8 is a

[0%33] S e%tl | on 1s g clzr%\s’\é-éelchgr? rv?le:tw ﬁﬁlsgatpng ap uram/y 8it

interconnection structures on a substrate according to embodiments of the present

invention.

[0025]  Figure 9 is a plan view illustrating an array of interconnection
structures according to embodiments of the present invention.

[0026]  Figures 10A-B are respective plan and cross-sectional views
illustrating a plurality of interconnection structures on a substrate according to

embodiments of the present invention.



i nterconnection structures on a substrate according to
enbodi nents of the present invention. [0025] Figure 9

WO 2008/1pl4om view il lustrating an array of PCT/US2005/012029
i nterconnection structures according to enbodi nents of
the present invention. [0026] Figures 10A-B are
respective plan and cross-sectional views illustrating

a plurality of int Q tiaqn.structures on a
substrate according%%%ﬁgﬁgﬁapﬂgﬂ?s of the present
I[00E7)t | OThderesdnt B eMRFCHdWPilDBe HORABL T NG IRinafter
] invention now wi || be described nore fully hereinafter
with refrencerte the asgempanyingdrawingsip i hembedimieng L thennygition are
e dj j an: ar. h This.. i '
shown IS8 RE0R pf AOGesE S SR ieR 1R T Mtterdth Sreb TN g0

not be ShBHued Alimhed Hahstmbedimeatslstinfioit@thetedn.t Raetheryiiede ment s
set forth herein, Rather, these enbodi nents are

embodipenys e dprevdedhserihatrihis disclastissvitldbathenougle andhenrarighs. anddvill

I ’ : t: pe of the

fully cGRTF Son@FtBinenlol G UNAIA RBLEEP0 0 T Th he

doeag]ngsin thbdrawingss tieghickfiesk aff uysrsand réggnsons exaggerated for

. exaggerated for clarity. It will also be understood
clarity; {1 adgTsiod hat Haangglqnaﬁ asadgyegnregon or
' is nt,

substraly B3ERALE 1d & Benarbil Sforle cRomcAE i Khnls BRREHIGE IR A
element loeirgerveninmylenies nry giscetsepresent.nlicamtrastsif anietenzant such as a

el enent such .as | ayer, region.or substrate is
layer, 1EEIOBF SED 48 R PEEERYSH B GiEr SFarfhen oy gfer
interveRftheQdIBEnts Qa8 MIMAh@TRIHS A BeréR S8EH as Saféd Aglon or
when an el ement such as a layer, region or substrate
substratsisrefemed éalas beingscavpled pr conrsicted tofwi gl¢ment, i qap be

. anot her el enent, ., it..can he directly. coupl.ed

airect FRIAIR] off PR RERB oREs Cleh Rk Ry Bhgs ooy tso
be pre®Rhe MANbarAMYif ah slembet Rk e layet, Re &6 bf Aftfsirate fis Riferred to as

~elenment such as a | atyer_, regi on_or substrate is )
being gigetly cewpledoneonpeteriogvite anqijerclempe dhen ne shee EYgyening
0 e " [ i ng
clemedP o phoke DA e B e ol g Bt Y
combitiaiods of 6nd srahord@$ tteragsaiededlidted tedns.NEhe gmsbadf'/"anelsonsed

moye of the associated listed itens. The synmbol "/" is
asaShﬁTtg%‘dtI?éﬂm&sfo%\ @ thand notation for "and/or". [0029]

Ilf?)uv\i/eﬁ er BffherthieMelafiFe iEmIBsuch 4§ Be A2 APS&! BBwerRBE and/or

, top, and/or bottomnay be used herein to
bottonthasy be beeddreeie tedasotibesoneadl et érdissiel aplonshi trodriogher elementas

illustrated in the figures. It will be understood that relative terms are intended to

encompass different orientations of the device in addition to the orientation depicted in
the figures. For example, if the device in one of the figures is turned over, elements
described as below other elements would then be oriented above the other elements. The
exemplary term below, can therefore, encompasses both an orientation of above and
below.

[0030] It will be understood that although the terms first and second are used

herein to describe various regions, layers and/or sections, these regions, layers and/or



illustrated in the figures. It wll be understood that

relative terns are intended to enconpass different
worisnowbd ons of the device in addition to thePCT/US2005/012029

orientation depicted in the figures. For exanple, if

the device in one of the figures is turned over,

sections|shortld met brekbmited byl these lsehewheshisrmeire ool esedpufigtingvash

be qriented. .abave the othe ement s,. The exe ar
one reglg?,%a eélo.a\ﬁ:ctlgg oltrhg}ogl?eg Il‘g%l(g% EA\ oeﬁﬁ]égegggnglg}tﬁ, aaﬁgl[ reg}/on,
layer oBkéctioh @idc@ske® beldhoaval Etictepd DN secbAd BBl on, 1ayét b sebion, and
~ _understood that although the terns first and second .
similarly,&@ sgeendl 16siosi layeror gedivnicaald\bgritpmie o faugt waion, jaygiegrsection

e L B

elemef®throwdedt.t o di stinguish one region, |ayer or section
from anot her region, | ger or section. Thus, a_first
P

ri983Hn, [Thy esrmaolegycised Aergings fRrBePw@PERPldssrepipgparticular
embodth?lgﬁfF gn]?f A8 GORS iﬁt@gdéanto bk ﬁﬁﬁ{in%f»f € flVeRflon. 2RGused herein, the
simTlarfy, a second region, [ayer or Section coul d be
singuldreformed "a', f'an"sind r'égl' are, inteaget toanclsdethi @hural folmsits well, unless
departing fromthe teachi f the prese i pventi on.
the COIEFWI??H%%&&MF%‘P PrVyiss:- ﬁP Wg\?g%ﬁg%ﬁv%d%m%ﬂ%ﬁf&g@ ferms
) _ N p R o
O e AP Up ey IRUBRREe of
stated faatuees) édegens, Isteps.iapetatings, efentehts, aml/endtongonems, hws do not
herein, the singular. forms "a", "an" and "the" are
prechule g misgnser AERIOR ST PRECTR TR e SFRSIRERT, Sl ess
operatioR§, GG oflpBadnty, ahdl6l ERUEShetBLr M §8d HebeiMd thé toh@
further understood that the ternms "conprises" and/or
"laterallybregers 40 adirectionaaralichle a surfape of & pbsirtte oadieom whigl solflgr
t he pr.esence of stated features, integers, steps,
has be%%glra%fii ons, elenents, and/or components, but do not
Ploestjude Unfies phepeise Gefitfed pal ek (inclhdidg@edbhicabar soichtific

features, integers, steps, operations, elenments, .
terms)aispehbereinthave Hisrre BB Ingas cRBmLy undersieedibyhenesifprdipgy

sl o e S i bk ol ok, 3 ik B Pl BN b,

such aptimbe defirfedGR 2dmidoinbsised tivtiomariss, shefildiedinteaprktetl @s having a
.(including technical and. sgientific terns) used herei

meanqgé&et e %@hﬁﬁeﬁal%gmgd _oy’fqafﬁa_gﬂ@f BYr SR

not be %ﬂgxg:‘i‘&&i/inséﬂ fdkalizRd bPEveafyt fobRalWBh e unliddl SxhrBMBN{d Rfined
bel ongs. It wll be further understood that terns,

hereinsuch as. t hose defined in comonly used dictionaries,

HRASE, ovheh BrEbResIRELHAR 5h n HERE Bhtes (iupofima ped
the deVigt BMARIoudf) FIdnHY bd sealed with an underbump metallurgy and/or

passivation layer so that portions of the device pad are protected from the solder bump

and/or from the environment. Such a stfucture, however, may result in a solder bump
with a dimension larger than an exposed portion of the device pad. Accordingly, shorts
between adjacent solder bumps may occur during reflow if the solder bumps extend

laterally taking on a super-hemispheric profile.



not be interpreted in an idealized or overly fornal
sense unl ess expressly so defined herein. [0033] Wen
wo orosilong9a sol der bunmp on an exi sting device PCT/US2005/012029
(i nput/out put) pad, the device (input/output) pad may
be sealed with an underbunp netal | urgy and/ or
Be0Sd] vatA sige bﬁgaeq:xmeed pratiopof a1 mpgt/wtputrp@dm heaediggd by
. are, protected he sol.de d
forming 7 Si5Hane o aasiona BEeRRE o o S ls 0T b PR
mput/oétpﬁ%ﬂ%a%mcanﬂ@u@ @blﬁgemﬁddmmmfogeayet helge afareaduidiser]
portion of the device pad. Accordingly, shorts Eptmeen
passivatidi dayenandder| aredisbibrpion %Wr Sewayerdmey Higrease FohaRY/ of he

1 ﬁlder bunps extend laterally taking on a
compex henispheric profile.[0034] A size of an exposed

jr?:' on Mt? B8 dHPUL AR PO g&[t%bfm@ RnibBHHSSE: Mthe present

ng an patterning an a i onal passivation |ayer
mven’ubllil a1ag @fbwdlena solda| tuerpaith demenaions sypall grabarpan exgpas{edmyﬁ@eof

the devisaradioB S 3Pkt Pob fpned maparaindiehimpe st el
pitch d%%%%ﬁ mé"ﬁr\ﬁfded WRMolNCHBRRE fGRThg A0 AdBfiok? PRsBMtibY layer

ods and structures according to sone
on the devicxdpaderefee bimping. present i nventi on may prOV|de a

d b ith di [ t h
b SrRebet o S TE AR e Dy B
the croéﬁéézﬁ&aal RESRTATTEYs 1 RWA® BJa Qibstrhig 10& mdyi Heqi‘todiésd gmia a
may be provided w thout requiring formng, an

metal ddi08 itiaredn wh@gm\xm mstal pad 203 isifreerod ape prsivapan layer Brewon.
0
e soBBL I phOBEF ofFRESLRA} SR SR LR B

deviceY {HRWn, @hd fedtE@BpddA 03nday ﬁnovﬁie&:waﬁ“tdaht@mt&iorrmyh frgegrated
provi ded with a et al pad 103 t hereon e p‘rﬁemetal

circuitdeviges qfdbe %rbstra@ 1010 M PartgulBHEANEFPP

ped 10385 rgg EuBifahy 4 il EIR e%]“%e.%?éﬁf?ddev.
t[loes'qu n, Aamﬂdéﬂoemlpﬁnahlhngyi (£68) lapey 105 mm/ayctbereb@fﬂrm«ed ah the

SR TR LT E R T e

el BT 9 AU 5, AT o

substratet el hnmgyta(paehﬂ)?’ dndyregondudiomdgyer oo mdhresipnéayeb APRAsHe

the sul o e Fer o ARl Fie SRRUA Rl duf Rl Spl Pl e

tltamuﬁﬁﬁggtexé @I%iﬁr) Q{Qﬁth@’@blndd&ﬁbﬁl E&S'elama}’flﬁi&ﬁﬁie%pba)(@ﬁl) Sllver (Ag),
dj acen e

gold (Au), Palladium (Pd), and/or alloys thereof. The underbump metallurgy (seed) layer

105 may also include an intermediate layer between adhesion and conduction layers, and
the intermediate layer may include titanium (T1) and/or titanium nitride (TiN).

[0038] A plating stencil (mask) 107 is then formed on the underbump
metallurgy (seed) layer 105, and a hole 108 in the plating stencil 107 exposes portions of -
the underbump metallurgy (seed) layer 105. More particularly, the hole 108 exposes an
area of the underbump metallurgy (seed) layer 105 that is less than an area of the metal

pad 103 so that portions of the metal pad 103 extend beyond boundaries of the hole 108



substrate 101 and netal pad 103 and a conduction |ayer
on the adhesion | ayer opposite the substrate 101 and
woreaoaliogad 103. More particularly, the adhesi oPCT/ay®05/012029
may include titaniumtungsten (TiW, and the
conduction | ayer may include copper (Cu)5 Silver (AQ)
as shovgoindFigwe 1 A. PEid patingmtgred)(Brasindl0Gy foxlekayples ey bof layphef an

. under b tal | 105. | 50.i
organic rRT BT e E PR P rhaieh HaneSraiad ek ARV AL°
| ; | | inB1E iuelk) 107 may b
ol B4 TRy M s S M ey
formeddiyspimingserdpminatipgtheatenal ansthe Haderbwnprmstahrdheed) layer

nder bu tal lur S [- .an .
105, b g HERer P ek el oS s ANEliar BagiBlith BubPegight
and devdl6ihPihEmATeiAkd Braythe 56RA0S| ay eddifiObor Munelternative, the
particul ar !Jfé? the hol e 108 exposes an, area of the

plating siee ! Kmagk) ABY may bedprmedeusing ¢legferdepgsitioat is | ess

t . . i .

fEeT R oERi P Sod Tk cn e oy K edRBch 05 pine)
on port%%}%&ﬁ' ;dﬁd‘lﬁi&ﬁrﬂuﬁ}pﬁhgﬂaﬂﬁrgg/&eeqkayeﬂ Hﬁidxgoseﬁehmiugh (ireetsitd 108.

. 10r _exa e, .na e a r or an organit c O
The baﬂ#ﬁsﬂ@ﬁhﬂ@’éﬁ&gﬁm%ggﬁﬂ tnclidg witkel conpeh ag@%bg%qyart@%%ﬂ ,
: e .

s g REDURLE IS LUt L00: B LEARGADMSn e
barrierigyet 409eThdsoldgribaniprid lonay mciude i afoy sehraadmiighd mPb)

t he under bu tal l.ur seed) | ayer 105, baking the
SOIderrrPétﬂéerslogcﬁa, nggé:ﬁ A §P lg%b%%‘f' ng) t heyrmt erial to )
tf[gdilygt | ODnESHE Badter 1dy8P109 ard e d6ME! MRLH U1 e platE fhel

rmthe hole 108." In addition or in an X
platingat¢reil iaasl)d 07 chie bp kenndvied as skaven in {iguisid)B. 109 fusthgr shown in

. f . usi | - d ition, A '
rigure 3, S5 iS00 B S g S IEBRREY 021" AT I0g AobBER Hbpe
barrierlhy¥ 109 )nd@6r 0ddriban$ 1l rhiyebdrevbdmpd s sldetbyynp 111 may

: (seed) |ayer 105 exposed through the hole 108. The
be subjsatedite refloay terpraide apolderbathgios Exsmple; FposwPasienst the

cQ [ [Qr Vit . j t
wndert AR Xeq Rl Ko ] Eiematy G IRy tht
removeothe _uﬂ;@el&blgﬁp Eﬂwl}i}fzgy (seed)Eagee sel&@_ﬁfﬂlyl'ﬁhi&é mpekg go tlmrharﬂﬁtl ; 1

may include an alloy such as a tin-le n ol der
layer 149 Aseordinede thespatisroed Pratpupe mefalirey 2%?.3&1%665‘2()0‘]‘%&% ¢

» . Lar hﬁMﬁﬁféﬂ an@ot he sol der bunp 111 are
Mder%lpglftggi%&)%ﬁém plati rllg 2}{ enci| (mask) 107 can be renoved
af904Hown Mare Particulerly Bhe Aaddromnp exctallvogy (seed)Rayxpnd 85 nBy be

port.ions o he. under bu netal | .ur seed) ..l a 105
removRd i 30 6h chSTISHE FA RN s(Fest A1k BPHgBPh

tgﬁ&ffpm 28) 12980MF ekl RAthTB4RRE toltHEMelal bad®3.
under e su%%g‘éftgzgs t g) ragf | ow teo pr o?/i de a I;sségl der ball % For
For exemalep peroxids (dg2:x npayr he usaé tofemaye a TiW adhesion layer of the
underbump métallurgy (seed) layer 105 selectively with respect to an aluminum (or
other) pad metal 103. Reflow of the solder bump 111 may be performed after removing a -
solder wettable conduction layer of the underbump metallurgy (seed) layer 105 but before

removing a solder non-wettable adhesion layer of the underbump metallurgy (seed) layer
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under bunp netal lurgy (seed) |ayer 105 may be renpved
using an etch chem stry that renoves the underbunp

woreaaliburygy (seed) | ayer selectively with respRCT/USZH05/012029
the barrier layer 109. Accordingly, the patterned
under bunp netal lurgy (seed) |layer 105 may be under cut
105 so thit the seld@dnimy Bl 1t dves bair spread dcenge expki3ed peroions o1 th metal pad
particul arly, the underbunp netallurgy (seed) |ayer
103. 105 may be renoved using an etch chemistry that

[RABY €S 1hn laﬁé}ﬁétw% AR Ogaa 103 ﬁﬁdﬂﬁclﬁﬁe § BedemneRrbettble

urgy (seed) [ayer 105 selectively wth respect
metal (duch amunmm) cpeajsuxfafee thefenf se mtbw orolder funmbyl may

may .be used to e a TiW he aye
be perfaieADar et PE R Tr Sl e s30n 1 84F Lef bk he
solder‘tf t p‘ré&dﬁ& a@ifdéﬂ”bm& Portioh$16f the ﬂ?éﬂallﬁ& ab3. 1ﬁﬁanother
| ow of the solder bunp 111 may be performed after

altematnemﬂugngofah@ o0 desrbumst 11étm@y eopeifamied witheykflwpto majgtain an
oxide t}}eéi:ﬂ%{ﬁoﬁgaéﬂe %q?%% %)t%?e&ﬁéagx:‘%gg Hrﬁ }gz%sgc{ ettzhble

surface %ﬁ&?&s@é&hdﬁ&kﬂﬂ lbjLH’r @Y tl(e&ﬁﬁldx)buk@@éﬁﬂﬁrg?@sdeﬂ)ﬂayéms (before
sol der bunp 111 does_ not spread across exp

removippexposerspastionsed th@ma:ler@g@p mgtall ufgyd@ 1) prythg ﬁnetaﬂ pad 103
(after r%g%ﬁé\g?)%pg)\é?d p&&lﬁn{'&t SUC (?e(ilbﬁ!rg B Tk laﬁ&Z Reﬁ?\g@?fhe

as al um nu sur
solder Blﬁﬁ; epff map bé batforhet abuvof littidus ehoerative wp thelseldenpubp 111,

N AN N T ey
bump lgﬁgﬁg?t%f}?éfgﬂté?ﬁt% fs?lfdelt hgn ;[5'?1 P{naP adt BOsbjdcted to

ernative ow of der bunp 111 may
reflow.be perfornmed w t hout fI ux to nmaintain an oxi de thereon

Iodiley Aptoith o Figtt dBecatenpaons eRRAEH oRE 185 BeSde
covered Bﬁo AR TR SR df4hG¥nd eﬂﬁﬁ?%nieﬁﬂl@fgy@@éd@ REEO1ES, the

Vi ng exposed portions e under bu netallurgy
barrier laygel(9,and ﬂteesotrbt pdd118deg mrth@ns e%themqtfg ra¢pBed

t f th
o B P B TR RO 0 i P
111, aﬂd%%ﬁ%eﬂb@m&@‘lthbb@ldéﬁ&tﬂﬁp 1bung 11|1 or reflow of the
sol der bu not ex
dp04dic zﬁgp&é’rhebdwmmﬁmﬁg Joiand B Armetal g Lo b
consuiTrSgKg? é %%%&é&f%ur e Rey ez e teﬁﬁ‘re%?of @k ln%‘l%l ad

own I n centra portl ons of

103 mdfﬁ@éﬁ:pb@ﬂdﬁb&%e M1b§tIFFMﬁBMHWneMgg Ifseed) lagerpldst ‘ihons
of the under t
barrier layer 109, and the s% er r‘gﬁm% lllir %ccSrSd?ne 2' u}/f%ge %gx%on o? fhe

substrate 101 may include an insulating passivation layer, and a hole and/or conductive

via through the passivation layer may provide electrical coupling between the metal pad
103 and an electronic circuit(s) of the substrate 101. According to some embodiments
shown in Figure 1B, an entirety of the patterned underbump metallurgy (seed) layer 105
and an entirety of the barrier layer 109 may be conformal with respect to the metal pad
103 such that neither extends beyond an edge of the metal pad. According to other

embodiments shown in the cross-sectional views of Figures 1B and 1C, portions of the
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barrier layer 109, and the solder bunp 111. Edge
portions of the netal pad 103, however, may renmain

wezpsaeddafter formng the barrier |ayer 109 apdI/Ubmo05/012029

sol der bunmp 111, and/or after reflow ng the sol der
bunp 111. [0044] As further shown in Figures I A and
patterne@punddrbump nztal hugly (5631) dayer bOS awhihe berried layer B (shoywy &1 the

a surface .t he bstrat e.because an tir : he.
cross-stctel Fe 5 C B el BaAShar SR e ot s faflod Mfte
other poREHK R IR prRbalkl Whadbiss %ﬁ}alluﬁg/ye(lseéeg Jayet BEd Batiet Ryer

l ayer 109, and the solder bunp 111. Accordingl a
(showrsirthe crsperctional vefw phBiggteplRrage st badk frem adges chvibe Bgtal
i nsul ati ng passivation |ayer, and a hole and/or
conductive via through the passivation |ayer may

o0¥3jde Eltheiketat phd CEBIRIstRGe Bed ¥RA DS thepatRint updetblflp
and an electronic circuit(s) of the substrate 101.

metallyngy dayer A0S, tee basrier larsd P nindtbe soldarbuoy Hlgue eaimaingg
within T Et%gg%doiost % LGS, 8&&?31% gﬁgfhgvgg JEhA ﬁog Bt é%%l%rqr%ly

er and an entire h Frier

for exddgple,anFosural. M biher @sipeiimeits, Rifgre M€t mby bad ci8S satiohal view
t hat neither ext engs beyond an_edge of the netal_pad.
taken gi@p gpgleyth SREchiythe FosPrEAR Of Sigdi! -nAs shown in Figure 1C,

poriof{ SR SERHAB- XU AT B1ED AT BEoafRt ety
and thewaldérfeniypal 1i may extyret beyoad (lehoetml pad 103ento the substrate 103. If
e e o155 PR S b e s SR Y e
1B ancg@@afer fed aﬂglg%éfhg BB With YEsB¥ctts 88M othady@E sdlddr bump 111

arrier layer (shown in the cross-sectional view of
may h#egueizulaB)foetpantsastsh@raskiorf exsmpdelgefigre 6.nH themstal padi103 is

045]. 1f.th | 103 i d h
sonard SR8kt S PEl R RERe R b R B Bl 1 BRI b
angle bPWEdectd withdspddttosatidethe didsoldet bafng 1M iniMyetiave dn oval

€
W thin the metal pad 103,'the solder bunp 111 may have
footprint &3 shownaforfesampleiintigise ¢hown, for exanple, in Figure

S5¢nnklpy Ot [ '

100481 o0 B FuGHRRL TR hikter By it d (oo 1dber 103 may be
patteriedeisitigahs batiet lager 100 viiklgur thelsBldeAsurapdhh. The bargier laydr@,09,

portions of the t er ned .under hunp _net |1|1u Fy (seed)

af e
for exqrapleymaybe sqlerdivelyipasd (sughess byomlating) @ng P bunp

et (0 BSHEIS, R 0oL L L MAIGHEPCARY yer 0
exposad lewhd bhrrizmidyee 10may heseledtelr mamved cAftansposedogtivrsof

| B d 1C t f 45 d ith t
the ung b EREHISIGEY (RO 18T 405 DEYIFoE BUOHGHEP VU ar
bump Eg?%l&r fFIJla ccfi}%lgétingl%ucﬁl% m&Y BBt Ridddbnthe BaBieBlaybd 1090 For

example, a solid preformed solder structure may be placed on the barrier layer 109,

pad.

and/or the barrier layer 109 may be bonded with a solder structure on a second substrate.
[0047]  In addition or in an alternative, a conductive post (such as a copper )
post) may be provided on the barrier layer 109 instead of the solder bump 111 or between
the barrier layer 109 and the solder bump 111. A conductive post may be selectively
formed on the barrier layer 109 (such as by plating using plating stencil 107) before
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square when viewed fromthe top, and the
cross-sections of Figures IB and 1C are at an angl e of

wOodagrees wi th respect to each other, the soPdPUSIOMPI2029

111 may have an oval footprint as shown, for exanple
in Figure 7. [0046] In alternatives, the underbunp

selecti\rbvkst mmwhlm)ﬁx@sﬂqjoﬂi@smf ﬂmmﬁnﬂvyurfpgngaﬂmgy rﬁm&dhb{yﬁglﬂﬁh e

andlor BGpuEHivs B med g8 Pl oL Tirist ey L0008 SEEHvary

removiﬁg E?}?(Qecﬁ g&i@iﬁn§§f 1% uﬁﬁ@rbﬁrﬂf Ine@ilubdie(sei) @45 TS5, A solder
tal lurgy ( 5

seed) |ayer 105, an ortions of the
structurendley thenrpe fierted|onrthy coslsetiie pasy and/008 selibprefamisy selder

barrier |ayer 109 be selectively.rempved. . After
strucrug ek GBS oS COFIHR Bire bATH AL AT T g pieblss
may bd 59@Ed HAh aNRURr beetus@heckiotd sibste@ved, a sol der bunp

or other interconnection structure may be provided on

t[Ae48dar r Aegording o second embpdimeningif Ehe pressat inyenhier naed

. sol der.. st ruct.ur ' .
in the Fp5-5¢ thod}a!)ifjmgvﬁ é’? Egér%?sng F‘J‘a@fe]?’%lsglgsér%g 2@12&1%18 E)é &Irj%&{dhmgh
a metaBRIdbRB 25 ak Ghdipenio Bieteck R vaithg by 204 (fu4d kilicon oxide
addition or in an alterpative,. a_conducti vg)‘e ost ( sucax
layer) therean.c Bppeanpd the wareapl NIFBVAtgadasH 204 map Dedpaped oxpkthe

094 NSt
st 05 gl 90T A I TR o5 1530 %
pad 208 0MTHe siibisttete[203 tmayshe deintghatat discaityubsiranethclmdinghietegrated

ciruit dpnes ey b e SRESRA 20 WP B GG el haBedion e
integragegf dc%j}ésgﬁ%e%fcest HEnd BERERUEA1 MREGE bikiglaf1§ eafdx possEsurthbbef

r a conductive post may be " placed on the barrier
the metzd yed 20Dap tomprisedlominug|gpld, copper,rgdex pBersdhersef.i ons

d net al d). .l 05 |
g[I"P%the u :Jé’n 13%5%%@ I’B“g"“]lr1 %%%#@ﬁ%%&“?%%&u%ﬂ t\’/eeﬁ’ 2%&1 ,%S the
. | ’
metal %Imgzgg (ralang r?ﬁ ﬂlqéeglg %ﬁ%gﬁggg ?ﬁr Izg11 g@nfagﬂtgre Eg?sies? . t.he

electropbaticigc The updszbump ynaialusehigess) Uasen 205 mey drgludsian pdhesien

n a cond subst r at 4 '
ovr e TRERPE B RE e A0S0 B80S AR b BE5R oron e
adhesibf Biyer Si5posisetikipasivatiohéayer 204 fdmeabpRY20B1dViaR, paaticularly,
substrate 201 may be provided with a netal pad iOB and
the adhgsiondayey aaydnelrds Giepiunetysgsien (BW b And Bip&rndisaiopdayen mag

. i ] X I r . ,

inctud Lol PO SAGer AU IS PED SRR D MR alb ithercor. The

undertufisineatlerg? @lecdnthy et 205t yphlspadhizlo 3n amdrmdiiate feyet betweeh
to expose portions qf the nmetal pad 203. The .substrate

adbesiony ﬁndxﬁ@ndﬁ@tl%hlaVﬁf@ﬁébj%@te&mﬁéﬁret lay ety igelbd HEAPE @5

and/or'ztgé;ﬁ%%t?ﬂeg'r uit devices therein, and the netal pad

nmay provi el ectrical connection with

[0050] A plating stencil (mask) 207 is then formed on the underbump

metallurgy (seed) layer 205, and a hole 208 in the plating stencil 207 exposes portions of

* the underbump metallurgy (seed) layer 205. More particularly, the hole 208 exposes an

area of the underbump metallurgy (seed) layer 205 that is less than an area of the metal
pad 203 exposed by the passivation layer 204 so that portions of the metal pad 203
exposed by the passivétion layer 204 extend beyond boundaries of the hole 208 as shown
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integrated circuit devices of the substrate 201. Mire
particularly, an exposed surface of the netal pad 203
woreysaenpy i se al um num gol d, copper, and/or aPCDVYS2005/012029
thereof. [0049] An underbunp netal lurgy (seed) |ayer
205 may then be formed on the netal pad 203 and on the
in Figurp aAg rlmecplaﬁﬁmﬁenaﬂ (mask) 29 forenmple, gy be & layer of an organic

or 1nor§g%1§ ﬁ?ol{s gipggl %gm p Jafl guc:{jl%s Bg&greggfj %éé’ Ii'ﬁgﬁlol t?g% Ibg tShhed
using ﬁdjtcﬂﬁﬁfgraﬁ}ﬁe Mé&‘é%ﬂaﬂﬂiﬂ@ﬁ tha)iting Gtenail (fmlmd) a07 pasy bédermed

and conduction | ayer on the adhesion |ayer opposite

by spintieg ?Tdﬁ@iﬂiﬂﬁflg die malpeipl ohe apderrnn mepRlyra0Geedider 205,
bakm#ﬁ{: Ha‘felﬂ%a? lel%ctl\}e %@@é'tﬂ%ﬁ@%‘ to% d}lcdsﬂam sli y%lt) and

ani un}tun St e COﬂ

devel mgl th@mamamrfoﬁﬁ:tﬂie hofit 208 1 In(addiXion 9o rdlar( AteknatRa) ﬂha@latmg
, and/ or. al l o%% t.hereof . The under bunp netal | urgy
Stenﬂl(@@é’@ 07 g beplgrmedhysing elsctirdPRATKIORN i nt er medi at e

I b )

IS0 oo A b QI BNt
on portibhseoti thenumdetr bunte metal Ny gy ([s&(d5 Bz]yenﬁZ(lﬂ axtposagl thtoaugh ithe hole 208.
e o B s SRR, SRS DUTB TR L
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(s d Ia er ess than an area of the
soldern%rtetng 2@368%%5 iﬁﬁd%ﬁ% passi vation | ayer 204 so
m@sZ]por Un@@ﬁaeqfarﬁémaye?aab aitBghe 30@eCHROS 21 By pidied, the

passi vation | ayer 204 extend beyond boundaries of the

plating, stla@ﬂz@r@sla)sz@rr@mp eI Ydras shown mh%gmea&B ndys Sirthee phown in
F 1gure(i? pﬁ)'t} ns of theQ{r]xdexa lrﬁet%]]mﬁﬁgﬁecﬂ lla %05 %Bg @e%d%g
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phot ol i t hogr aphy.. More par

be subiqeiaddp Feflaraiaayods 2alslehal I Lﬁq%{sg%yl’es%%%ﬁ?%ot rfipit of the
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removexﬂxammdgbump niglbrrgya(seed) layﬂd |seit:¢t0/fe1y( wiik h:spsct ftd gimtb)amer

ve). opi ng the ter.i tofo 3. |
tayer AAcearay- e B e Ao e RLTRY SeERgaE Al peY be
under&ﬂ%t'ﬁ)re & 18 Beribonp®dysi ng el ectro-deposi tion.

barrier |layer 209 may then sel ectively forned
( EI!DSB\] as Mbyre phudicilagly, ba upderbiop me@eﬂlwgbe(sgq:diéam 2S5 may be

removg g i Ut BriE oy 4EAL FemmiR of SR 2t Ity B
underlﬁhﬁ;kﬁktallﬁ@ﬂ%ed) RIYEY 205 ldcaysly b eect wfth@mepl ghd m

the barrier 1ayer 209, a sol der bu 211 is plated in
For exahld, perexnrlo gHméz)tImy be used to remove a TiW adhesion layer of the

underbump metallurgy (seed) layer 205 selectively with respect to an aluminum (or

other) pad metal 203. Reflow of the solder bump 211 may be performed after removing a -
solder wettable conduction layer of the underbump metallurgy (seed) layer 205 but before

removing a solder non-wettable adhesion layer of the underbump metallurgy (seed) layer
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barrier layer 209. The solder bunp 211 may include an
all oy such as a tin-lead (SnPb) sol der, or the sol der
wheoos/18199 may be | ead free. [0052] Once the baPeT/€62005/012029
| ayer 209 and the sol der bunp 211 are plated, the
pl ati ng stencil snask) 207 can be renoved as shown in
205 so Fhay tiressodsr bap 241 dhes nasspiead aeross qrpezedaBrtigrorafitiigetet pad
'203 t he underbunp netal lurgy (seed) | ayer 205 not covered
* by the barrier layer 209 and/ or sol der bunp 211 may be

reosw ed, edchifeRRtise) (e mebil pid mmgymmem@e hef-weBtable

reflow to provide a solder ball. For exanple, exposed

metal (gerh ds@hgmintom) ke agheferedheisohin that aflgy of shase)der dymp 21dznay
ve pec e PO e PP B SRS G0 el R e

solder b&BPaL1 spreadihgadrasy dxposddayetiond@F theAaetal sHARI3Y ,Intahiéther
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O

t
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. i l.
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nmetal | ur see ayer 205 sel ectjve ith r ect
removing e@a@eﬁ%@wﬁﬁ agghso]@. SIRRMPIRCIAHITEY iﬁ@f@’f)g’% W&em?tﬁf E% 203y
. ! ;
(afer 8o RE SR PIRYGR: 81 e InBEDERpRIBHEY Gr) Keflom of the |
solder bemp@di nay terpeaformedabove arliquidue tgmypaaturesifahe f0@er bump 211,
Refl.qw of, the s er b 21 . be, perforned aft
or reflovg e e BEPB AT fey b Pt HERS bRy gt iy aotier
bump 21 et BB altbiakive, (Rapter banpn12 ARytet bbeligsded to

renovi'ng a sol der non-wettabl e adhesi on | ayer of the
reflowunder bunp netal l urgy (seed) |ayer205 so that the

r bymp, 211. does read acrQss._e
JBDSFione ATRn L S B0 BORPS R REE 203 may be
coveredbly@hd'pdssation ]Ja?erfm%nd)@ﬁtr@ﬁﬁ)rﬂms_ dfilkd el pad203ILEY be
non-wettable nmetal (such as_alum num on a_ _surface

covered fhythofempining pertioas e ynderhemp srefd kg (ssed 1ayerai)Sfhe

. O\ the..
eSO Sk S0 AR o
passiva@fomiager20g agé chepatttinod snddrbtrhp metdl hdrgyplager?2l5, hdwever, may

canother alternative, reflow t sol.der bu 211 ma
remainyexneEsck afferERIiRg i DRTieF d3yer %‘9%33&9#?4619@%9@ - BREOB BYE

f1 Hhbadiak gder bunp 211 does not spread across an
e owgghoseé ﬁgﬁ?gg%e surface such as a conduction | ayer of

t [0656ind e Als fugthersbainh. i igufes adind 23 ¢lre 12081 pask2 W may be
considgzrgggg\a/ ;;Q gl?e?%(\ﬁ'ggrre@pge?aﬁgga(d)@l%@gg 0 Elee sﬂgsqr%{ebtgjec usré%to?’tlién%ro e

metal pad 203 may be covered by the passivation layer 204 before forming the

underbump metallurgy (seed) layer 205, the barrier layer 209, and the solder bump 211.
Stated in other words, the passivation layer 204 may be considered as a part of the
substrate. According to some embodiments shown in Figure 2B, an entirety of the
patterned underbump metallurgy (seed) layer 205 and an entirety of the barrier layer 209
may be conformal with respect to the metal pad 203 such that neither extends beyond an

edge of the metal pad or onto the passivation layer. According to other embodiments
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(after renoving exposed portions of the underbunp
nmetal lurgy layer). Reflow of the solder bunp 211 may
wheoosaofsey ned above a |iquidus tenperature of PEEUS2005/012029
sol der bunmp 211, or reflow of the solder bunp 211 may
not exceed a Iqu|dus tenperature of the solder bunp
shownda the drossysettienabviews oAFigura 2 and 2Ct pastisnd afghe bajtemnezll 1

under i ey TS 105 hoihe Batkien 1 Bra o ihoBf T Spss-

sectiorfe@ VRESE Hyurk P€) sttt End/@ﬁ’@sfeﬂag fhe pREvaRM BRI 204
portions of thé netal pad 203 ma e covered by t he

while m&aﬁmwmm,s fdhe pamgneéftmﬂw@umamt Y (sed) layer gypd bewieniayer

(snow, e 530 o Fish B 2003 20 P B S e
PR8ST at TOhe bty had 063 Brduird and sddherMies dm:ﬁ%’dbh'ﬂ'ﬁrbump

net al 8%,1 I af\;er 205, however, nay rerral n expose
metallalfgwéayerra thsg aker luen 208y andithe ﬁoléeﬁdnmmuh@eml@émd

witinf el oo LUl B s 0L U550 €15 TR, Al
for exe[ﬁi;blaj mlT&ghrEGS Iniramebﬁnb@hmleﬁke; Eduted (may behevdssaectional view
eath" a surface of the sugéér ate becau e poréj ons

taken @fantaﬁglemlaxesb%famz 8 gy Serdiop ?)‘é{%éfi 1o
portlon ﬁgs nge ugwu? [ml%}glrlﬁl@? (éé@&‘ﬂ%?é&%g”ﬁ% @,gmég Wer 209,

rier |aye
and the séldezrbximnp@l ]2ﬂ1ﬁy eStad keyond ﬂ[ﬁmehal p@#m ontdthe passivation layer

SSi Vv er 204 ma ons red art of
204. B3 neiataeigts ¥ et tndv et L BRE bt enb e St of
Figures! '195%1% I%Bare%f‘aﬁﬁl{glé 85 &gfrée@%vlﬂﬁteg SRR 68k YhPsolder
metal lurgy (seed) layer Z05 and an entirety of the

bump Bt miaghaveay eJrrclﬂasfom;mb@ sbomofowaxamplmanegpe 6t 1f e mesal
taI ad.203. SUg neit her extends bhe
pad 2055 S Vis B Bl ot b Ble SRR e P R
are at A¢ &Y161bN0 B&predshath Rpfeeiosaoh SEREWHe sdndérrbamp 211 may have an
cross-sectional views of Fi % ure 2B and 2C, portions of
k

oval foqiprings shewadoungambuind igees} | urgy (seed) |ayer 205
JTRSSEE IR o BbuiEE uadhdan il (160 18P 965 af B!

patterrlibalaﬁmg&hg Bﬁrnlgﬁlagér 21194W1\Mulu:t Ehecsbtd(er bmmg;tlﬂ ong he)bam‘ieelayer 209,
atterned under bu ur see yer

for exyRple; BAY ba%?ct{vgwdn‘ﬁﬁnffcf@%a tﬁ apdegh w of

metallFJ fed? Fé)yt 35, %ﬁ‘& pag s &f tﬁ%@bﬁﬁ? f&&%&;(gk@dg%yer 205

thetd
e neta 203 i s square an
exposahby thevactiar taer Rimaybe ad:lbc;tr\@yy teayoaed.2A5er ¢xpesdshpartiens of

er 209,.and,t he .sol 211 are.mai ntai,ned
the unEbRoR EHAIRRY (eo DR A0S BRHbee TP R S P kv e
bump 8r GthEF @ EornBOi B dubtBSmay Q%IOVided on the barrier layer 209. For

example, a solid preformed solder structure may be placed on the barrier layer 209,

and/or the barrier layer 209 may be bonded with a solder structure on a second substrate.
[0059]  In addition or in an alternative, a conductive post (such as a copper
post) may be provided on the barrier layer 209 instead of the solder bump 211 or between
the barrier layer 209 and the solder bump 211. A conductive post may be selectively
formed on the barrier layer 209 (such as by plating using plating sfencil 207) before
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for exanple, in Figure 5. In other enbodi nents, Figure
1C may be a cross-sectional viewtaken at an angle
wowas/1083pect to the cross-section of Figure |BCT/BS2005/012029
shown in Figure 1C, portions of the patterned
underbunp netal lurgy (seed) |ayer 205, the barrier
selectivedy e 08 exgoded partien efdhe wudepburdp mgtalluegyt (evad) baygnb,

sndlorpGndEt 5 PR S e=0 e CAREn I AR} SR THE op

removRBExhbRd poRichs HE HelRAbAp ThAMTRSy (Bed18yck 308! & ldean
angle of 45 degrees with respect to each other, the

structugome: thepdheforied orathe kenducive pestuangior A okid profermed solder

shown, for exapple. .in Figur f t al
st R0 s pEE IR T Bnab by T alimddlG, R Bhalife 237
may b&b&ERd %861 d ¥der Sfrudti@essebEhddubsit4icar e at an angl e of
90 degrees with respect to each other, the solder bu

A096Hay Hacardag t’@\ﬂafd BRGNP RE OBHIC HRARRL mwwi%ﬁﬂhqﬁna@mn
e e RS L3R 1R 5 BSUIAGR o8 H ISEME i
metal fair303eind laaiesrg2Q0 disidehinugassingtimdbgte308a (quck 44 silifbreoxide

arrier layer 209, for_examle, . bhe _sel ectiyel
layer) angh %@gwaéﬁssa\saﬂep 13@165%‘?%{)55%% Vi AR For ekample,
the i B e e s Rl i g el
pad 30Banditlem gattyered 260 expoay phtiosedfdbe metd] pad 80d v Ebe ovghnier
. _exposed tions of the underhu nmet al I ur 4 se
passiviigpdr 308 Th 7S e LBped PR Glejoretio e L SR
on the Q%eté‘lt 8303 BLEPARIARIGH IeQPosS (poktfdnd bE tHERNetREpAAr3n3i ded on
the barrier layer 209. For exanple, a solid preforned

s sThecsthsireterfi)l mhay 4 ancategmted ¢iecuiaubsteate inglpding

. 09,. and{or the barri,er | [ may_be. ho ith a

e R L R P R Y

conne @R Wit atbd ciddlid dvised 8f the Subsira€O3UIU Q¥breepapiilar(ys tig h
as a copper post) may be provided on the barrier |ayer

exposgomirfapesplcthe metal paé 383 Mee compripe Auminm.goldysepperynd/or
rricer layer 209 and the sol der bunp 211. A
auoysggeﬁ%oggtive post may be selectively forned on the
bpos2ler |AayaideRVghy metiugs (ydplaged 30§ may thgn pe dtrirred on the
stencil 207) befor esel,ec,ti\rigfey rermv} n@, expqsed
metal pask 303514l aprthe REENIRRIS YA ABICE PR (R lepilitate ulsaqusnt 205,

electrq?)gﬁ;{él r é[%g ‘ﬁg{i‘\?rgféﬁ{g\élfetzﬂﬁﬁéy {Egé’dg ey 198 Gty RclhfiCaPAlIkBA

ecti Ve enpbvi ng exposed portions
layer adfacttethel opanicipapsivasioal layer §04K sekaiktal pyk3 0206 a gondodtiher

structure t hen.be forned on.the cond I ve, pos
layer Qi 611581000 OB BN AHEDF RO PR LUt UM HBSE pad
303. ¥b i Qfharty 6 CRMEYGH 1aY6r P Inclulde tREhidkhlEhEEH (MEW) 4 the

conducl ve post may be bonded with a sol der structure
conductivralagequaydinskuds toppee (Cu), Silver (Ag), gold (Au), Palladium (Pd), and/or
alloys thereof. The underbump metallurgy (seed) layer 305 may also include an
intermediate layer between adhesion and conduction layers, and the intermediate layer
may include titanium (Ti) and/or titanium nitride (TiN).

[0063] A plating stencil (mask) 307 is then formed on the underbump

metallurgy (seed) layer 305, and a hole 308 in the plating stencil 307 exposes portions of
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[ 0060] According to third enbodi nents of the present
invention illustrated in the cross-sectional views of

wor@anes”9IBA and 3B, a substrate 301 may be proR€CTES2005/012029

with a netal pad 303 and an inorganic dielectric
passi vati on | ayer 304a (such as silicon oxide |ayer)

the unceranaeitelargy dSasdl by utSo Mna ol ol 308 exposes an
e 5L M OG0 ) WGP G G e e

metal 388 eRpsted B} tgidie pasivationRger3Abandhit et tof éfened
to expose portions of the netal pad 303. The organic

underbpmpgnstaliuren (Seed)dryes 395 expaped A thedwls Hddamespxiend over the

organiRAARETIPAUKES b0l BYGRud F, R A e iRt

for exadihle, h)feld laFdtedf atibsdanid @ id@gania phhre-imagabit egraiabsich as

circuit substrate jncluding inte rate}g circuit d Vf@rC%S
photoresigy axidithe hele maybefprmagd ying HwtolibgersyyiMercd riyathe

peiogQHRATS0 I1 by SAES! S Pl b LB B bR on e
undermfnptrhﬁamggb(sep@deMSOEfbak&rmPe nmgaéféllz, LSEﬂiSCItﬁNﬂl}(’j gradoding the
.CO er,. an r S er.eor . . un rQu
materiglgp it swcgl@éﬁg{*ﬁ%@r&@@spm W@Wlls@gffmﬁﬁ%%% In
additiogxgi{gﬁ ?Igagen’?&' < aRd 39‘213% Renéil gﬁﬁk?mﬁﬁﬁwetfbmdl lﬁ%i%relectro-

acl l'itat sequent electroplating. The
depositiomler bunp netal lurgy (seed) | ayer 305 may include an

FOBEA B 15 368 B R R B Y SRl P fdine)
on pora&%ﬁi@@uﬂc@mn;pﬁe@ﬁhﬁgg@ (5deg) I&Sf&aJUSCexP@%‘éli tMﬁbhEl@ the 1RY€308.
304b and netal "‘pad 303. Mre particularly, the
The baaiérdsyes 309 dpeexampe, iyl nelade nickeli eappet spd/oellqysithgreof.

nd the.conduct i 5 C
s B pAEAPHGL AGYRE TR O W ARRE L Stbop
barriert 18@r809.. ThésolaadRip Bl mEy ficlude gy allseasth asayierlesDEnPay -
al so include an internediate | ayer between adhesi on

- solderggrdhe sl dumpP il yasr ke leghfied-ne i ntermedi ate | ayer may
(B8 D&t SdcF1dveP 36 B b ST, 311 86 phelodne
plating $tendiineRsl\ 897 carbakdmogy a shewt) i Bigere 30 54s fmthenshowinen
e St SR g byt B R MR 0
baniergggérisﬁy LAY soldBubt)) 211308 BXRARSEI 2Rd SRR b 311 may

erbunp netal lurgy (see |'ayer 305 t hat no greater
be subjduted tancfive® mhvith e soldemball dbr 398nple popestdyortions of the

undertR PGB R 9 Rrae 1oipaed sk el fsh BBy i
removBOIe wBA&HLERp ARkl R¥EPREeD S er kdl6ctively with respect to the barrier
layer 309. Accordingly, the patterned underbump metallurgy (seed) layer 305 may be

undercut with respect to the barrier layer 309.

[0066]  More particularly, the underbump metallurgy (seed) layer 305 may be
removed using an etch chemistry that removes at least a remaining portion of the
underbump metallurgy (seed) layer 305 selectively with respect to the metal pad 303

and/or the organic passivation layer 304b. For example, peroxide (H202) may be used to
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organi ¢ passivation |ayer 304b as shown in Figure 3A
The plating stencil (nask) 307, for exanple, nay be a
wo a908n0w@h9 an organi ¢ or inorgani c phot o-i magabP@&r/Us2005/012029
mat eri al such as photoresist, and the hole may be
formed using photolithography. Mre particularly, the
removep atWraglh@ucmﬂ@wr of itheswadegommmytablorgydsavdiilayer M5 setsichiyely

with efiect i iyt 6F ofFER ot ool ety B St TudR plmp 418

may beSpeRfotnbd aﬁmeﬁamg laabldePweRshlatdRiicliStERedst the Gidetbump
and devel opi the material to formthe hole 308. In

metallugelyl (sepdriaysr 303 baibedpresemaying e somen@-wttﬁge gdhegionlayer of

the uncfeg%%%% paglgr@y(segﬁ f géfﬁ%@%&%? ) érrb C(%oeg 'ﬁf)t spread

across é)ﬁfdﬁ@djpdr&kdﬁsfbf&ﬁe Bgtap bad 308)) on porti ons Of t he
under bu al lurgy (seed) |ayer 305 exposed t hr ough

Aol clromeicmeivb by mefa P/ 303 mep inclusle acselep pan-veggble

motal () SRl on SRR B0 Qb e B G M R o8 may

be perf@hlﬁgi?@ftdgmemhﬁn@ tlieelna%ufnpdrhbtelhh@ly lr($eed) 1|a5i%16053ﬁ9nouﬂ'ﬂre
er bu 311 may include_ an oy such a
solder pyRp ﬁé&apr(egh%ﬁwre%ﬂ eFapsedgiortigns 03 &%@?tabm@é% T Ragthee

altemalcslg‘ra geﬁé\ﬁ 6f th[e éxl b@% ? 11 E‘xg,y ha rﬁ)'éf éda%ﬁﬁoxﬁ %Q{J‘ ﬂ-ta'inxggﬁx)an

er bunp 1T are ating stenc
oxide tB&éon amthaethe sokieclimars 3]shd)ws ioh slﬁe@ijaoeoisan eApodedrditable

h i 3B, f th d
surfacqi%a? B ara s o0 e BBt 805 fhefire
remov %Bé%os%@%oﬁfbﬁé Bf the %@@rbu&ﬁ'metﬁﬂg?ﬁé/eﬁ%r th?é?ﬁ&ﬁﬂ adesUs

e sol déer bump 3 may be sub to ref ?

(after rpmovmg@xaosd ipdeionp af the undﬂbem@nmtellurex bysod Ilp efrﬂd peyytber

lternaf o R R AR et R b7 G S o PRinEne

solder YRg B3RV ARriEiao,ur gy (seed) |ayer selectlvely Wi th
respect to the barrier layer 309. Accordingly, the

d8068r neBellow ef B\?rﬁﬁl%b&mp ér‘lbw%@é&ﬁorra%a o9 liggiduse
e BHECERE ML ESSPE b ke BBSEUE bty S A9 pol U001

liquiddsaMﬁperé?@L& oftite Sederermpesil ludhygt atvtiet ahermhtive, ster s,oldeh atmp

ves at least a renmmining portion of the underbunp
311 m%‘@‘&l*&?‘@?“(’@@b@f‘"?”ayer 305 selectively with respect

e /
e 183y, e Do GGy 855840
coveretl by ethoorgaaic Pasdiatbe éay@nS‘l)éﬁy end oénttalh pommde Db‘uhmnnetal pad 303

may bq EoVarPAIIRE FIVACIBE POTEs P s pbuimp Jndraliveay (DB £1 205,
the bar?i% 11.1 Er 309 BBk sHRY: Renpsii. OAH&ﬁ"d F&@Eaﬂ@mtayerﬁgoeﬁmems of

r weftabl e conduction |ayer o e under bunp
the present 1nvent10n an entirety of the surface of the metal pad 303 may be covered by

the passivation layers 304a-b and the barrier layer. The barrier layer 309 and/or
remaining portions of the underbump metallurgy (seed) layer 305, however, may not
extend onto the organic passivation layer 304b. An integrity of the patterned underbump
metallurgy (seed) layer 305, the barrier layer 309, and/or the solder bump 311 may thus
be enhanced by not providing portions thereof on the potentially ﬂéxible organic
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nmetal lurgy (seed) |ayer 305 but before renoving a
sol der non-wettabl e adhesi on | ayer of the underbunp
woreaaliburygy (seed) |ayer 305 so that the sol dePChus®05/012029
311 does not spread across exposed portions of the
nmetal pad 303. [0067] In an alternative, the netal pad
passivaion layay304ic | Inde atemative portions vetht airtal pad 588 betswech thes

passiveGgh o HASTS HEGFPARE heePaPmateap vy HhEralh e i

exposeg gﬁ%"e 1?1’14% RS Bartibl 18Yer(309 Q6 eV Rer BERpWI 1 NAMIorafier

bu 311 spreadi ng across exposed portions of
reflowinhp ¢hersoldzlr bpmg 3303. I n anot her alternative, reflow of

t ol der .bynp .311 . be rf Wi t hout t
WIS S AR s B eRe B G BT fhe Malieladh ot b
consid6ER MObeRRF"eRIbaRAMS 3 safa@dTaReshibiritt dbtfRiss portionsof the
such as a conduction | ayer of the underbu nmet al | ur gy
ng

metal pad 883 mayyeenovers by itesf pastivatiordeyaig3Mapaniéer 394b toptons fop
d tal |
e BRG0Pl o B Rl R 6

311. SEREu| Jlied Yvdray, @lic) passiatioini 1hyeraB@4aveid/cal 30eb madyl besconsitiered
organi c_passivation | ayer 304b may act as a sol der dam
as a partol ghafubgigate-he sol der .bunp 311 during reflow. [0068]

W 0 I
A0 s s e 38T Hhe S e B P61y ATRE LR
barrier®dyet B9 &0d dieenbionpadildl toalye subbtratx aftedrefiowi duicoudsngly, the
tenperature of the

[ | der. b 311. .1 h
solder BRBERRFIAY NG TENaRROrHORP LA P He e D] okPed
passiv%&n[l%éelr 3d4p EQ{%&% % %@mﬁrﬁg@‘i‘ﬁ‘oﬂ & tht et paB30SHAPHB Phkrie Ber

nmet al be covered by the organic
309 anfasklevaimpAll anpelat@Didin cizmbir oenval dlolesiil8t dnoneiraptar oheval

MORCTIRTE N R O
passivtﬁ%rlﬁfé'r 308N so3PareaNnd HitioR chahe Rt pad 303 Aeg emiting

o particular enbodi nent's of the present invention, an
exposegrin jother yreos, as Htustrated fovewimpledn Figuse 6 padosbzureal be

d by th i vati I :
Accorfiy B Sing dhotfimBRS AR ey @AR G BIIRER AN DIed
undertR@ip heaBuRl (§628) MOESUBUAR afehidlebusiiie baiet!layer309rm80be
however, nmay not extend onto the qrgani g}aﬂas& vati o

conformay, with 3espect tavthe metalpadi3P3such that peither prerps hren ge of

tall ur 3 =) i .
e
Figurep BBYpehtiogs efthe pasnddherdedfumpnmethbupyt(set) aléns05laedits e

. organi cpassivation |layer 304h. .In .alternative,
barrierjayari30f $nesrshpwa e &FOSb'é%P“@G% He¥ abigheg,£C) may exiend to

and/or overlap the passivation layers 704b and/or 704a while other portions of the

patterned underbump metallurgy (seed) layer and barrier layer are set back from the
passivation layer.

B [0072]  In alternatives, the underbump metallurgy (seed) layer 305 may be
patterned using the barrier layer 309 without the solder bump 311. The barrier layer 309,
for example, may be selectively formed (such as by plating) on the underbump

metallurgy (seed) layer 305, and portions of the underbump metallurgy (seed) layer 305
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passi vati on | ayer 304b and the patterned underbunp
metal lurgy |ayer 305 nmay renmai n exposed after form ng
wo b@shexspd er | ayer 309 and the sol der bunp 311PCHEHNS2005/012029
after reflow ng the solder bunp 311. [0070] As further
shown in Figures 3A and 3B, the netal pad 303 may be
exposed b Siedeuet 1hyer 369 hixglbewtlectivel pramervetl.’ Adtes axpcmeé pationhef

the un SRR By N AL B VA B CISRB Ay ARG AT

s 5 A SR Lt 5

exampl8} abedid prefoahbdsoldmrstisctutemaybe plavet ¢mothe|bagrer 32780369,

and/orglq / o}eé %;Aé? f’g%é‘f?% ﬁé | der ed @ﬁfg‘f Lﬁhglaélée 8115 ﬁtég%ogfi a]él?strate
g 3111n%>dm%}ato@ mxgmbﬁy&mlv%h@c&@hhﬂlwgdsam&h 399 copped

SI on parallel to the substrate after refiow.

post) ntéuydm rpdmn@ecyon thia dagisir teyer Bfhinstsad ofithg spldet humnp $1bowhatapen

e M
formecmﬂ @k b@@ﬁr B9ar ﬁiw(sh&}ﬁashﬁf plateg dsypeplaB@Dstamdl 307) Before

bunp 311 areée plated in circular or oval hole 308_on

selectively ranpaying emosesbmm@r@rqﬂ%m&erhw wetadrgygecsy fnyet S,

B e T

removing %x@%a boftidds 30He ayerbamp Inﬁbtﬁkﬁgﬁ eded)laypdr B@S ax m,r
as illustrated, for exapple, in ure 6

structups mag e gm%qsl Cotiie CRBBHY S RATEndb Aok PR e safier ©
structu%enm?ig ;;é F)f’:a{:é(d Q%n@ﬁ: € H08d I RH SRR MRl Rbh 8 @Ve post

ayer ntirety of the barrier Iayer
may chB&ldaayvxthea subdefreimﬁhrewmd*secm@mb‘strata the netal pad 303

h that I h f the
S o hetpriig i St oo B e REERRRH0g (R led in
the cro@yp&ﬁb 3&&§M@uﬁe§‘4ﬁ'aﬁﬂ UGS a IGhstBR40100sy B gﬂohﬁled with a

terned under bt net al urgy (seed) | ayer 305 and
metal pehb4(Bamd|aa nndrggm«: d@@tr(qpﬁsmgzﬁmniajrqr Ha (such as silicon oxide

|
Y AR Y NIRRT
the 1ndi‘£dﬂ1 ?é%tsﬂi}@t'iorpﬁyér' 4938 £id thé6rgpaictpassiedionnger 04P may be

%y (seed) layer and barrier |ayer are set back
formed pmﬂn drnbplaaie ﬂOhﬂmeﬂPelnéﬁﬁ@rPad H03th the pprganiraAndasganic

under,
passw%téc%ri 1aysrs éﬁﬁaglgng tﬁéﬁg eér?é%ﬁlgy éj a%%% éﬁ?{g%’cc{ﬁ% expose
portioSOd AR metalPadBdl3. The bar rier layer 309,
[0075]  The substrate 401 may be an integrated circuit substrate including

integrated circuit devices therein, and the metal pad 403 may pfovide electrical
connection with integrated circuit devices of the substrate 401. More particularly, an
exposed surface of the metal pad 403 may comprise aluminum, gold, copper, and/or
alloys thereof.

[0076]  An underbump metallurgy (seed) layer 405 may then be formed on the
metal pad 403 and on the passivation layers 404a-b to facilitate subsequent
electroplating. The underbump metallurgy (seed) layer 405 may include an adhesion
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for exanple, may be selectively fornmed (such as by
pl ati ng) on the underbunp netallurgy (seed) |ayer 305,
waer@spord ons of the underbunp netal | urgy (seerT/U82005/012029
305exposed by the barrier layer 309 may be sel ectively
renmoved. After exposed portions of the underbunp
layer adjeteat ﬂxerpgysn(&eﬁ dyekrsqain-18 04 meatabpdsed)d andl aaminiduaion layer on

the adbeRiPRL G QOHRRYF e PRFURBIGH e bt PERl P i ddere
partlcui:a?lg X alis é%e?%dﬂn%ﬁé ﬁfaﬁﬁﬁh a&lg&eﬁ (BN IGhAR dERIudden

ted ont arrirer |ayer 9, and/or le barrier
layer rﬂazyymiu&m@ppay(()uag Yilved é‘klg)v\gcvlﬂ (Au}s @Ialdl@dlumt(P d); eod/er altpys

ond s bstr at 0073
thereoty g e PYRD TP ben e r D42 A0S mia o ictl e B isrmsgiets
layer bglﬁééeﬁ) QdHE%i%ﬁ'aﬁg @oﬁheﬁﬁﬁ 138fFs! iiRY the aMteimedtile 196t @aglir@iude
e der bunp 3 or between the barrier |ayer 309

tﬁmnmmdwomhébsbwdemlb@n@ﬂQEM) A conductlve post may be

OO 1 R B RS Peoh B0 b o P Sh iR =

metalh%@%' %@Ed)‘&@ife\f 408, @i b1 € 4O TEHe pl@tlhg eBacind07 B osdrdi e
ur%ﬁ seed) | ayer 305, and/or a conductlve post
the unctmlgurmempt g (39pd) Hyehd0% | Mpre pajtisulaglyy therhale 408 exposes an

| vel
e oS GFRLNY PRI BT RGREDORAL} 923 o At b
pad 408 féﬁjf&‘bsb@ b¥ ﬂ{dm@smihdd‘layew BoMich isv ¢hap petttionmofithe nnderbuinpd
ormed sol der str; ur e

ma Iace on
metall g soelln o fl 5 o A0 088! e g e g oD
e B P OO P01, P, S s
bea lawte)f ran esganic drir@gbnio @hoﬂol-lwgalde gritdrial suvd as photoresist, and the
tiona ws of Figures 4
hole mgy e fqraed U3aE Phﬁ&?ﬁ@é’gﬁ%% e Rpra g p Plaig sigmsil grask)
407 mi‘}pbé ﬁg&@@ﬂy epifthiak %Ha[dnﬁatﬁ&@g%b YikdrRD oh Saindéfsiend Ss@lurgy

I con” oxide | ayer) and an organi c passivatjon
(seed) I1awe4054 bdking ﬁmhatasalp sﬁlwtmld@ypomm Bemateual te xadigios, (such

as lighh) Ged SRR BRI ity BYE1e A0 AP o h AT ©

alternaVBSthé lafingd Sénd@N@ndsRP40EMAY b &d’rr&ﬁ $1sm§@1éﬁztrblit&pos1tlon
|norgan|c and organi c passivation Iayers 404a

t [0878lbe poharaerdexer 499 mepysthen bryebechualyitpanad @bdt 4 by plating)
f

on pr G2 B N AR BP0 Sk ORI ot o
The belrﬂtéﬂ 1Fyamg9 Lfgg e;%graﬁle ;:tggy rélgwdle nobemi cqqaet rmd@r{allowmhenebﬁ

net a a el ec | C n
After ]Plﬁﬁ’%ﬂlgb@@wé Jaye Q9D aédde&maw 4% I@%@%@F@ ko‘ﬁ’s WP
bamelpl%gér 408! 3HL Yold@'h &xﬁgp@ffﬂla g{cﬁlﬁfé%n%ilo_& QﬁcHTfst Alinkad (90%)

um num gof d,

nprise a copper
solder, or the solder bump 411 may be lead free.

[0079]  Once the barrier layer 409 and the solder bump 411 are plated, the
plating stencil (mask) 407 can be removed as shown in Figure 4B. As further shown in
. Figure 4B, portions of the underbump metallurgy (seed) layer 405 not covered by the
barrier layer 409 and/or solder bump 411 may be removed, and the solder bump 411 may

be subjected to reflow to provide a solder ball. For example, exposed portions of the
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all oys thereof. [0076] An underbunp netallurgy (seed)
| ayer 405 may then be forned on the netal pad 403 and

woroosher4passi vation | ayers 404a-b to facilitatBCT/US2005/012029

subsequent el ectroplating. The underbunp netal | urgy
(seed) layer 405 may include an adhesionl ayer adjacent
underbubdiemeraBegdgy Qdeled))”]layayESSnaf_rﬂa‘E&ehloaﬁﬂumg ah etoh gheroBtrstpt o

G AN W TN e R A

layer 40??” feb G ﬂﬁnﬁqnﬁaéﬂﬁmb%@céllﬁgy deBE) 1HHE 405 may be

ani unt ungs}% d the conduction | ayer may
undercut mﬂxwe@eaclpﬁmrba@m)layeﬁﬁmer (Ag), gold (Au), Palladium

ﬁﬂgd@a) a% a:%@glaﬁﬁﬁhefger irap RAST RUH 1AIRE 2bS Hag%e

removedl ﬁé&ﬁg a&%ﬂ%ﬁanﬁfwﬁﬁt e a@réaﬁla%ﬂn@ﬁuﬂgamnsn ofubd t he
nedl at e i nclude titani um and/ or

underbdnnpi mataﬂmgyl(saedﬁéyéﬂzlﬂﬂ) seldctipety ith resneet 9 @@@Wé pad 403

o S5 i B S, RO RO g hosan

removesclt'ﬁW: Lihe$84 18%POSES uﬁ@érbhﬁgfrneﬁilldr@ﬁ (seedidnypsdPs selectively
netal lurgy (seed) |ayer 40

Mor e artlcul t he
with respettdo 408lumipas der etherypadmstal 43 Bt Sﬁ[&{%w@? A
4(0)
may be &P@{efe Vﬁidfa%g%ﬁ?l %E)%Q Q%Id%lsw%tﬁa%fe éol?lﬁ'ﬂctﬁﬂ 19%@ "{‘sd&fx ak Qg}g})er) of

asslvation | ayers

the und&%ufrﬁb%et@mgy ueed)dbydr tz«as lbladbasfbwrpmnemglal sot@y an—@@tt)ible
| ayer 405 exposed by the hole 4

8 d
adhesmtnﬂaeyep gasheal 1 ¥hof By Spderhoma e talre GRrOIR %f‘*QS sq Tk he
solder l?%;pe ﬁideg QoL f il dords I8 ?é?sedlggmoﬁé){)f R %Y@él%ad gpy. be a

an organi c or ni ¢ phot o-i magabl e
8] i allnau @hemathml'l titeanetal petd, 4(5rn:ia3t inelude h@o}wlﬁyn@eweﬂable

d hot ol
o 5 B BP0, B Gy
be perffé’lrmédg%ﬂ Fay hd ﬂﬁ@ uH@érﬁ&h@'m&ﬂldng (%E@qaiw o5 ﬁﬁﬂ@h’r ﬂnegy

5 baklng the material, electlvely
solder mnpsmgpmadmgm@sueapoae ppmnatoif the mealaned 403 Uy prgther

SRS B BRARSTRAEhl  Bl P 0Bt o

oxide tﬁé@&{‘go QA hEBY dGeuin®y FBI0ddES lnﬁgsrﬁézek‘atcr@s de prpised oveitable

[0078] A barrier layer 409 rmy then be sele tlv%g/

surfacefscuphresja conduptierslapgr qfithe Pregrbusap g@?aélilfﬂéfs@%ﬁd)f (before
b t h

s S55F EB b AR 35D 21Ty 99, o S e Hr

(after rk:l'ﬂG{tzM@ Rx s@cK gbmoﬁgpme unammmp radthlbygy tayer)e Keflonf afghe
| atin

solder pivap T ey oR@eHOTRAAAIBYE A 1Rt Seeaiile ) dre s e 411,
or reﬂc{W 89 ﬁqg g?ﬂ%\%ﬁ#4f@%ﬁa& R6t 4dRe PR 1ighiiaY tefdpefin@e of the solder
bump 411. In yet another alternative, the solder bump 411 may not be subjected to
reflow.

[0082]  As shown in Figure 4B, edge portions of the metal pad 403 may be
covered by the passivation layers 404a-b, and central portions of the metal pad 403 may
be covered by the remaining portions of the underbuimp metallurgy (seed) layer 405, the

. barrier layer 409, and the solder bump 411. Portions of the metal pad 403 between the
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sol der, or the solder bunp 411 may be | ead free.
[0079] Once the barrier layer 409 and the sol der bunp
wdidbsa09pl ated, the plating stencil (mask) 40FCT/ER2008012029
renmoved as shown in Figure 4B. As further shown in
Figure 4B, portions of the underbunp netallurgy (seed)
passivatiay éayedOf)dads arcithe petterbsd wriverbupay mewilutgyylayer 408, homgven;

solder b 411 may,be renpved n he .sol.der
may refpin Ry St By BERe DatT R G E sl b6 SRS A Brror
after rePRWin ﬁg@olggmdfﬂﬁxposed portions of theunderbunp
net aI% urgy (seed) layer 405 may be renoved using an

d0033] c hehs Sirther stesrtn indfigwes4Ared dBdthebuetpl neeidB maydye

..(s l.ayer, sel ect j,vel i th..respect, to th ‘AW
considirR B Ve, IR PR 7 VRS AbE SPREtr-{Rebisppont S e
metal PHR4OBInHyDE doSeRE by iy SissidAorTRYerd 404 QY 6:UL04bi before forming

respect to the barrier |ayer 409. [0080] More

the unsalpunp mietallggy (serd) lavered 0uths testier lnyer ¢9(and dp sqldgybpmp

5. may, be . .r ' C e .
o1t ST rgl PSR A0 48 I bEY M8y
as a pafiRifahd stibgtyaté.s aeebrding e sord®bmBbediaehis\shbym i Figutetihant

to the nmetal pad 403 and/or the_ organic passivatio

entirety gfjibie paterped pereruampIR upy (35ad S YEHARS JndrmPngEsty, §£@1€
barrierg&eglapﬁlrga)}/f%(ezb 8?1‘9%32\3%1?&2%@{ EJe ‘ih@fmétﬂgag Q\%?t% at neither

see ectiv respect
extends bepmdanlediofihé aretad tphé oy opadhenpdsaivardd@Blaydte fAcowrdaig tohe

other cRhodEReETIRREN G BRGNP SyFats A SHiEHeS D B faroripms of
the paﬁégﬁe&{'&fagf BBl &l (E3Y) 1@1§@1f411)s drd¥es bAHS 1&5& 409 @o%m in

renovi ng a sol der non-wettabl e adhesion |a (such as

the crofs-Wctiohaltviw ofiBignteudq) mast exténd tgyanfdoe eudrldpadhe passiystien

e 0 S A B
(seed) BlyeRERPAME: lajd? @shitMindth (RACto4stcABYal vitsy SitiE gare IB) AR set

non-wettabl e metal (such as alumnum on a surface
back fiohethephsdrtiohdayer@k | ow of the sol der bunp 411 may be

CBORES T BBt st RO B IR IRL T SRRt b of e
patterrR@R8&bexp s ahpey layornt0So thettagrisradaywdr 4pRcnd @z sollder bump

another alternative, reflow of the solder bunp 411 ma
411 arp saggpined withinibe peresed perkion of Hagimpetal nad A3 otae a%‘d?”}]la%xﬂ

may h 4 é]?cgua&gﬁtg%}t% sh oft €50 PSR ﬁ?&h&cern?o%%hﬁ&%ts,

expose e surfdce such ds a ctonduction Tayer o
Figuret e man e alotosp-seatioabll wiew yakea eed) ahgly eith4epetie ther @oss-

. repovi ng_exposed portions of the upderb tallur
section, QLY. NSSHSTIR ESBIe 163Pobe Pl e REUTHRE BGHuY
metall?l%é/t(bé%ﬁﬂa%r 403 tHARIR R 369, 3l WRO1 AR bafnb 41Tk dyidl
beyond the metal pad 403 onto the passivation layers 404a and 404b. If the metal pad

403 is square when viewed from the top, and the cross-sections of Figures 1B and 1C are
at an angle of 45 degrees with respect to each other, the solder bump 411 may havea
circular footprint as shown, for example, in Figure 6. If the metal pad 403 is square when

viewed from the top, and the cross-sections of Figu;es 1B and 1C are at an angle of 90
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sol der bunp 411 may be perfornmed above a |i quidus
tenperature of the solder bunp 411, or reflow of the
waoelodaoi4bunp 411 may not exceed a |iqui dus tenPEr/asz08012029

of the solder bunp 411. In yet another alternative,

the sol der bunp 411 may not be subjected to reflow.
degrees[\@ﬂs%]spe% tesdrotwothien, the selder biByp 4ldgeapbate aprmsabfootiignt as

rApst al ? 370 y be covered by the passivation |ayers
shown, AereXapipIIRF18UFRtr al portions of the netal pad 403 nay

@%fveqﬁ%%aﬁ%% f}ﬁ%ﬂ&bﬁﬁpwmm@ﬁ(seéd)tmﬁruos g{d@w@p
tallurgy (seed) |l ayer 405, the barrier

putermhtingrbe Stbe ey wntllouthm i GnbunD 4o Thobatrios ko ded,
ween th t o er d tt d
for exafiglfo RERMG TECRIA R Syab 55 B PSR Ry ORE chiGo b o e

metallﬁg()p(%éﬁﬂ mfe} aos fa.eaa @oﬁgmts bﬁﬂi@&mﬂel@ﬁmbauﬁﬁlhﬁ@? (@ea) mm 405
unp 4

1, and/or after reflow ng the so
expose@ bmmlaaxrxer[lamsp9 mepyragrseleetival nesarovied- ﬁ%@&ﬁé@sﬁ Palﬁlens of

th t al
e i (P08 A3, pORTRIA Y il ok
bump Rt MisrcOinection Siddlre pay HeGRovidyd blethedjaﬁie&da)kty 409 eFor
assi vation | ayers 404a and/ or 404b b&l re. 8 t he
examplenaledlisiprpfonmed Foldergirug Ry paplirediemsther EB

and/or V&)eyb%rw%(?%'er 206! nd! S/]%e%gh&[%f wih! g@olgdfa rue L6da s&:o?ﬁi@ﬁﬁstrate

assivation ers or 404b may be
qoess|der I@ididﬂﬁloa o dut b aﬂitermtts/esw betduatiee poi¢ Cucklang copper

N TR W T
the barﬁgld#a maPt t?l%é’so@cierbohﬁlpbﬁ‘ir 'Ae&oﬂdﬁb‘ﬁe 03Pm! gglﬁe B@ec’uvely

respect "'to the netal pad 4 such t hat
formed@i thb &arriex iae_yﬁriéﬂﬂ)@ydnaﬁ tyrpletingusiig Plhbngrﬁﬁmﬂ H¥0 before

et 5 e BB Re FAE r CESAE PP g 45,

and/or %‘c@iﬂ&ﬁvé‘ﬁoﬁ RehyAe plikdion@Rs batiet EZerﬂﬂDt #fteR esleativéBr bunp
l'urgy (seed) I ayer 405 and the barrier | ayer 409
remOVJ(ng h:@pmsed portiess of thegmdebrmpriagtalyray(swedFpyrr 4954

B L

structud188Y B fRceebatiewogiudive pdst. laye altﬁnﬁh\tbat}rel cendhcyepost
(shown 1 n the cross-sectional view of Figure 4B) are

may b@,b@ndsé@nﬂ#%mqrﬁauﬁ&@sq%ﬁcw fubsBftes) . [0084] 1f the
€ | 40 d 503
JHIRACT RS aR pEhe PR A0 e ror L e e pu
may bé b&vebslr byl aepasbﬁzyl’&dm l@@& S0dnshichhas agabdetiondayer ddcludingone or
more (LIl Ded W ChL 0 Lhe, exposed portion of, fhe, met ol 03g

formed on a central portion of the metal pad 503 according to embodiments of the present

invention such that portions of the metal pad 503 are exposed between the passivation
Jayer 504 and the solder bump 511. As discussed above with respect to Figures 1A-B,
2A-B, 3A-B, and 4A-B, an underbump metallurgy layer, a barrier layer, and/or a .
conductive post may be provided between the solder bump 511 and the metal pad 503, &
but the underbump mqtallmgy layer, the barrier layer, and/or the conductive post are not

visible in the top view of Figure 5. The structure of Figure 5, for example, may be
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may have a circular footprint as shown, for exanple,
in Figure 5. In other enbodi nents, Figure 1C nay be a
wee@saenect i onal view taken at an angle w th rPCpPEs100$/012029
the crosssection of Figure IB. As shown in Figure 1C,
portions of the patterned _underbunp netal |l urgy (seed
providedsatiscag®d abhee With réspectitaiguresd\-BaR4-B.HeA-So paidpr %nﬁa

. 411 extend beyond the netal pad 403 gnt ne; -
s G AT & OrAy Qe RO e A0 ans 20r0 Py Wbl BLiR 03
addition%o Sfliheletd WHEB sylider®enp 7om t he top, and the
cross-sections of Figures IB and 1C are at an angle of

4808 gr eds shgwhinrtbe farctiew of Eigire iedee portioas gbr mefal Byhp03
R e S S LR

more ohfeit atidérasorbidodidiettiolayersnMdrbwset, raasand suldérdusof11 may

F!ggures I B.and 1C are at_an angle of 90degrees wth
be formpedsree eentigl BertiAn of HsrmetelRadSIP gesordingio gmpodimpntinfdhaan
pesen Sl L L 38RO el BT ot et
passiv{tioadaler 684 and ¢R5okiry binep pal .t As disdusssd algpvieheittbsespéceto

. | ayer 409 without, the sol der. bu 411. The barrier
Figures b 405, Sk, AT 1 AP BEUR e R oy PR laver
and/ or%zclgg%\sﬁ?g ?ésrtmi%ﬁs %J}g&%ﬁed bOSeEn ﬁﬁgsglﬁépbﬁiﬁ% %h% Yh@¥he metal

portions of the underbunp _
pad 603pbwlthemmlerivsmeaptallaggyrlayd Sthe hpuvise iyby andfer tharconductive

I . 400, be.sel ecti . Af d
postais 31 Fishle B 8 VURTAST EAHS GrePrF F gy e EBLHTT AyT aorpet
the sold@VfinRs ek Gileffuhly BbMILRFINRE, the bs@lkfRiyel) dhid ofthe @bfiRictive
I nterconnection structure nmay be provi ded on the

post miagiexiend td andéor avedap themassieatioh dayen 68bwhile phst pertieas of the

| d ; |
et G A P A B
conduéidledkt £t EétGatlt frofthe pagbation kiybsé04at he §u0R6d of Figure 6,

addition or in an alternative, .a conductive post_(such
for exapaple, rapprepropiiet ps éfﬁyu%%da #hoyg ivatresnect o igues ?&34 %ﬁ/'%r

3A-B, 403 408! a3 (éﬁs%{lis%g %gﬁ?, Q%Bncﬁl%f{g% ?3% (&@kn bet o HB&) may be

barrier layer the so np 411
provided frdatklitioretop $isteudyofitiee bdee dtimpelly. f or ned on t he

barrier |layer 409 (such, as | ati usi. n | ati
SRBRT 45 A owa Ro s W Pied: 1 p e PeRbRRGH gh gt bed 703
may bg 95§ér&ﬂ§y Qfg)%sgﬂ»%tib'ﬁ‘ SSEDHIP st R d pAsEVatlona by inddhg dbor

nd/or &a c uctive post ‘may be ‘placed on the barrier
more drayec addir imbtganicsii¢ledtic ayess. Momovergaresysd selderdamnp ‘GHsmay .

of .the underb al | ed) layer 405, -A sol der
be forded R PR AR hemr B ik SR Eh R R bS8t 68
preserR MleBfiorPsuRh pBFtRIS GFBR SAAIGRM 798 aHCEPoSed HetwEé the

pl aced on the conductive post. In an alternative, the
passiveterdiagén@4mod the solder bump 711. As discussed above, an underbump
metallurgy layer, a barrier layer, and/or a conductive post may be provided between the
solder bump 711 and the metal pad 703, but the underbump metallurgy layer, the barrier
layer, and/or the conductive post are not visible in the top view of Figure 7. In the
structure of Figure 7, portions of the solder bump, the underbump metallurgy layer, the

barrier layer, and/or the conductive post may extend to and/or overlap the passivation
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may be bonded with a solder structure on a second
substrate. [0087] As shown in the top view of Figure
WG 2008dg9porti ons of a nmetal pad 503 nmay be coORET/E82005012029
a passivation |ayer 504, such as a passivation |ayer
i ncludi ng one or nore organi c and/or inorganic
layer 70k vehitodthérgoktioms of thevolden bemp 74 1sthe dederbunp nstalluzgy laper,

f d tral. porti th | :
the barrige T SRG o Lo SHBRRITERPE 57 53 hecl o Lo G e,
More p%xﬂgﬁ%lgg,goh%% oPthel AeRE 2hdBBEmP Q&tﬁI@gﬁé@E&ﬁeﬂyd@ﬁm&\E Ag n

vation | ayer 504 and the solder bunmp 511..
barrier Hiyarc msdetha bonductive post exyestent do mdjerr avstlppths pagsivagion

. layer 7 QP;QW%%&E%;;& _'c’)E%isa?ﬁ gl}eu 0 e%ﬁ%&g@flj@grﬁ%@mﬁgﬁgg Byer,
barrier fsaggﬁf AP RetuaRrR dobears ebidatk Bomhe pdsshvaton hgeneTlad  pad

but the undérbunp netal | urgy l[ayer, the barrier
structureay Eigura,dboexaninie; geaydercpiovided a5 diserssedrPovg Maingeperio

. the t i of Fi e.5.4 t =
riare 2, 08y S by 08 28T B MEG L g s
copper bESIPAGY bt Brdvididig addifoBtSdrnBeaBsf tHe saldel/tompI7B.  As

di scussed above, a conductive post lé,suc as ,a ,co eg{
R0} neds ﬁ@“@rlwlilﬁj‘éﬂsﬁ'ﬁ?cﬂa%ﬁlt"ieé’hoﬁ gHe % ﬁé‘@g&ﬂﬂﬁés e
. | der,. b . 0 i Vi of
povis e bbb e fpsahatafty 9 sl o
placemEMMETRAald 9 80BER] sokder bumipaBit tdfréyids adightes péch on

integrefedanguniench B precpartpuney: oD Birs 81 i P g
on cent?%{@rt@o%lé 8% gpﬁalz&'aﬁrg% QethpotEitlsloRkhaRREthl Sids 803 ekosed

ccording to ‘enbodi ments of the gr esent
adjacenty €t sotfer bunps $Hat Agordinghysstofrtinghef adiacant sokder ompa SEL

can be G5Rge. WEHFE B 22 SR SO HORBBL O 1o REp it e e
solder &iﬁtﬂﬂ{ tﬁé cérﬁa@gor%@ﬁ Bf thidAn&lal FHECB0%A- B, an under bunp
nmetal Furgy |ayer

, a barrier layer, and/or _a crgs%%ucti\és
[0891]mayAb dispussed ahayenibe mesiel nape8&g erovidadPiebsizag 301,
t he net al 603, bu e
oo At S0 o B SETD AL ) ot
underbbied R8Iy (feBd)t1aper\808ythe bafrieg layer 809, land thessokter butprBd 1
of "Fi gur e % portions_ of the sol der burrE 23\6A AA.
may baifedeed angisenssesd above yithapeard 1o Kigussrldy-Ey AZ‘E’/’ \-B, ad/g 44
t he conducti.ye ] t e
B. In fobte FORMBRY SR Digfi p Pt Rages ity VBt SRl
passivaindeyer804as Gikdusséchaboya ditthrespectret Fiptues §h-Bayer, the

barrier |ayer, and/or_th nduciive post are sef back
f 08931t he Mshieasiel dhs wRtaf BV&SC‘%GE?Y grogi?i,e@&q %ﬁ%geg;?& rows 16
Rl o h BRI BT 4880 FbiaY $a86 solder
furtheralggr\\léés%va Qlﬁﬁl?% g pec tfo eFifqgauerres 3{& B, ZA? B, p} g.
bumps 811 on the substrate 801. For example, metal pads 803 may be arranged in a

checker board pattern as illustrated in the top view of Figure 9. A likelihood of shorts
between solder bumps 811 may be reduced if one or more solder bumps 811 extends

beyond the exposed portion of the respective metal pad 803 over the passivation layer
804.
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3A-B, and 4A-B. As discussed above, a conductive post
(such as a copper post) nmay be provided in addition to

woeroosnstdend of the sol der bunp 711. [0089] As BODWA2005012029
the top view of Figure 7, edge portions of a netal pad
703 may be covered by a passivation |ayer 704, such as
300983 si \Eigireri 04y empldndtwof ag cleptzorde suhstratednejading a

a5 S Al RO oy S pns
of the fRbsehiBivERIoA] aitPl g3 0RCIS AlcldsB BedtnaINaed itakeRtaorpf settimn line

present invention such that portions of the metal pﬁd
I-I' of Fig@ed 4. dr pagistlabdovians of relypalityiof meid padsel i aryman iy

e sal der bu 711, [ e boyve ;
exposefi g By aar 39 1083 RFBHERER, o0, LSRR of
the meRPHAdSNDI3LR ity ddecket dl Wiepastivati@Olagar 004 n dthér and
, the nmetal pad 703, but the underbunp net al rg%ﬁsl aﬁer,
embodimhenth gdgg partipagafthe mstal srds 1083 a-sapaichs e #&ﬁ@ wateR

) Si in j 10k Qur j t
tayer 0 PlgFion s b Pcth e s00SE A bt LR, BOON e

providétstawberiRspeztiad saldgybulipd0]114-bend aretal eadd H)P8n-c. dvidicover,
t he conductive post gay extend to and/ar overlagdttfetri
the pasgiygdon ey eiok04 ety ineladepng & BEITAENIG Igfrepis cielectric
lavers sol der bunp 711, the underbunp netal lurgy |ayer, the
Y parri er | ayer, and/or the conductive post are set back
f[0094]t heThastsichats o Figarge i 0X B maythe domaadtdsshidcassed above

with reeaiskip FIHEs bArterarCh Sy andRefrer Rt oo vataEey
under%%%f)l rﬁéttaﬁﬂ%?ft(&eaﬁl@&éﬁm@ﬂ% fofed BE tRARSEVALINARydraes add4

e ot portions of the patterned underbunp
metal peels AD03a-gyo prowisld janlelogipplatiag eleetrodeagnd 2 platiag gencil may be

formed G e ComncEE phahitad Gletetien (9T IAF BRERHAL LB, for
exmnppJA%éinE%go@Sciﬂhﬁ@ EiBEE6F tBb avintoLuidRsines meallkigusesl) layer

_ B,. 3A-B, and 4A-B. As discussed agove, a
at leastportionet ofimshigl ate opgawmscive metabpasisd0B3rc) The bagier layers

rovided in 1 [

1o DAL o SRR 8ty
continﬁé;]l%uféﬁeﬁ)m@qh}delﬂurs]rgy taysr. SIHe plating sigxd:i]amnd:h&hi lregemwved, and
_enbodi ments of the present invention may allow a, .
portions ofg¢ CoARENERICTMAPSAl g §Se5db i FIE OarchY B Rper

] . . . . ; : b
s SR 012 0 oo i g
layersd@05#€e. provi ded on central portions of the netal pads

TGP S
exam;ﬁ%‘r%ggﬂﬁﬁgogef&glréiﬁ@ﬁﬁg #Rl fifingiemR e a8d befoddreRfvirRttiposkd

ver,” an additional "passivation |ayer is not_.
portioneofithe enddrbump nfeialiargyhigeed) layer. In other embodiments, solid

preformed solder structures may be placed on the barrier layers 1009a-c, and/or the

barrier layer 1009a-c may be bonded with solder structures on a second substrate. In still -
other embodiments, conductive posts (such as copper posts) may be provided on the
barrier layers 1009a-c¢ instead of the solder bumps 1011a-c or between the barrier layers

1009a-c and the solder bumps 1011a-c. Conductive posts may be selectively formed on
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solder within the central portion of the netal pad
803. [0091] As discussed above, the netal pads 803 are
w@e@silaegd on substrate 801, and a passivati on PElEs2089d12029
may extend onto edge portions of the netal pads 803.
The under bunp netal | urgy (seedghgl ayer 805, the barrier
the bartierylayers D@%am@uclh@s oplaieng winghihe Diating stapeily baforsdelggtively

remov1§%e)(é)oss§c§89rgig F%nt{c,nglrgi@g lgnng‘g?oaﬂr%%&?ﬁﬁu}e@ g(geedifélyg’r and/or

conduc@ile pbits MY ak &@9@ oS i3 bamyer iyety HB9alc dfke sﬂé&Bﬁeb}&tenmmng
| ayer 804 as d| scussed above with respect to_Fi gur

exposefl pomiong obthejconiruayy apderbyap metaliugygec B dayerayolger structures
h

L

may bd Iﬂﬁ@droniﬂé cetdubtivegdsos8l In an altdsrﬁamwbﬁtercmhéud%@él.posmnay be

net al pads 803 sgg be arranged in a checker
bOﬂde%‘(ﬁﬁhéNé%ﬁﬁ“é‘FW%@somﬁeG@fdr g%Pn the top view of Figure

[k
J0oRL, 55RO igBR0L1 8 s a0 oS B
layers hllmam:lsoﬂdbe bampsiﬁljlqsc)om taspeatife triwgal pedptitSavemnap vaty. Fau

examplegihs et 1R A 4 so1d8s PREgR 10Ty ey BE e A e

with regéééé{ & J&l&tm }:Hd 10086 GRINIGE hBler BiyetCLooDE Snd mow&aﬁ&ﬁd sl &er

dditional enbodi ments of the present
bumpsulmknancblﬂﬂla rmmhyﬁ)eglffset 11.1(;Bff¢r§nfedlmcbglss rslative énie mﬁt@\nads

1003a i Pty Aoy ety palt 8 rEypRE R aas

1nterco%ﬁ&§1@n§ stiRYurBEmas be Mﬁlﬁt@&%h&e@@&t&b vigdtlgiads ayasut
4 on substrate 1001. As shown, edge portions of

requmngeedmémwnq@du@s agtigupatterriye hereobver ed by t he

t | 4
g@ﬁﬁ]\éﬁst%f% &i%)(e%'is %re%jé?lt %@ﬁorﬂﬂﬁi%@%ﬂ%@&gﬁ%@@ a solder
bump th’ﬂ@ ﬁie’béﬁﬂ:ilﬁ lf}’oh‘@)dﬁpadl@iﬁﬁ)ut Mnnpleteey seaillg%gwmebdl mpetrzbutput pad
ayers - arrier ers a- ¢
with tfﬁrn)évﬁr@édj ub‘éﬁtrm H}eéagblé&% GS?Fél endhe B@Iﬁ*ﬁ"slai%ﬁ Ut and

passivat alTh%@)q e P&) gﬁde(fb fn%Pa“I’l%fg o@gkﬁlg%%? bYPfre ArrieR Yer may

100 I'nc one nor e and/or inorganic
thus bedctcmlte&ﬁéd wrthjhlaaytposs:d pbﬂﬁﬁé]of tHeeneblrinputiougst phd Endfor pagtions

of the 1:1;1 B@ggﬂ%ﬁ? ur, KT%% %Sa(edl Sd&ﬁa}sogl%egal y\érem\é\%tpgtg{{ ﬁ%frocélldt °
exposé%lgmrﬁtg‘}é%ﬁhé‘ﬁ@ﬁ ﬁl‘ﬁﬁpod’lﬁﬁt%ah Urgy eﬁaﬁgﬁ@ JpottedBiof BR¥nsbRting

on the passivation |ayer 4 "and netal pads
passivaii®dayer nhay qutend ibbwean the motal Umué(pu’r@gt pdeandredge pordinas f the

underlPulmap} metdl lertg(}efrtseed) fmgr an(cel barrier layer, while other portions of the

insulating passivation layer may be separated from the underbump metallurgy (seed)
layer and the barrier layer by exposed portions of the metal input/output pad
therebetween. Accordingly, the resulting solder bump may be smaller than an exposed
portion of the corresponding metal input/output pad in one or more dimensions without
requiring another passivation step. Accordingly, solder bumps can be formed on more
closely spaced pads without requiring an additional passivation layer and with reduced

risk of electrical shorts therebetween.
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formed on the continuous underbunp netal |l urgy (seed)
| ayer. The plating stencil, for exanple, may expose
wa@Roosubew9 ar eas of the continuous under bunp nePel/U8200y012029
(seed) | ayer at |east portions of which are on
respective netal pads 1003a-c. The barrier |ayers
0998k ¢ While thh@resbet inednsion hexbsenpartisalirlyshewn gad ggscribed
. | ati n,..exposed port i [ :
wit refliee BAm PR BARR SRy B8 it Py GRS in e e
that varfidi@ el @MRYRGnd AR EhilD aiayibensadefthdrbia vitut depaning from the
under bunp netal |l urg seed) | ayer_ expqgsed by the .
spirit aphsoope pf tha yesrestion eodeftned &y tlafeapms?ﬁ&@éiwmé apd GiaRevvRlents.
patterned underbunp netallurgy (seed) |ayers 1005a-c.
[ 0095] The sol der bunps 10l1la-c can b e fornmed on the
barrier layers, for exanple, by plating before
renmoving the plating stencil and before renoving
exposed portions of the underbunp netallurgy (seed)
| ayer. In other enbodinents, solid prefornmed sol der
structures may be placed on the barrier |ayers
1009a-c, and/or the barrier |layer 1009a-c nay be
bonded wi th sol der structures on a second substrate.
In still other enbodi nents, conductive posts (such as
copper posts) may be provided on the barrier |ayers
1009a-c instead of the solder bunps 10l1la-c or between
the barrier |ayers 1009a-c and the sol der bunps
1011a-c. Conductive posts may be selectively forned
onthe barrier layers 1009a-c (such as by plating using
the plating stencil) before selectively renoving
exposed portions of the continuous underbunp
netal lurgy (seed) |ayer, and/or conductive posts may
be placed on the barrier |ayers 1009a-c after
sel ectively renoving exposed portions of the
conti nuous underbunp netal lurgy (seed) |ayer. Sol der
structures may then be forned on the conductive posts,
and/ or solid preforned sol der structures may be pl aced
on the conductive posts. In an alternative, the
conduci ve posts nay be bonded with sol der structures
on a second substrate. [0096] As shown in Figures 10A
and 10B, relative placenents of barrier |ayers 1009a-c
sol der bunps 101l1la-c on respective netal pads 1003a-c
may vary. For exanple, the barrier [ayer 1009b and
sol der bunp 1011b may be substantially centered with
respect to netal pad 1003b, while the barrier |ayers
1009a and 1009c and the sol der bunps 101la and 1001c
may be offset in different directions relative to the
metal pads 1003a and 1003b. Accordingly, barrier-
| ayers, sol der bunps, and/or other
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i nterconnections structures nmay be redistributed with
respect to netal pads without requiring redistribution
wo 2ovsgoaed/ or patterning thereof. [0097] EnbodP@EDsm08612029

the present invention may thus allow form ng a sol der
bunp on a netal input/output pad wthout conpletely

That Wahee Is iljaitried Istet al i nput/ out put pad with the patterned
under bunp netal lurgy (seed) |ayer, the barrier |ayer,
and/ or passivation. The patterned underbunp netall urgy

(S %erﬁéthB&%Pforﬁ\ﬁ% 4P Qedtnid @fuctudy, Sic MBthol BoBpHeing:

contalned withinm exposed portions of the netal
providinga syhstrate devimg dvroetalpadithesaen ¥1d amniaswlaing Byer
| ur eed) layer and the barrier |ayer may

Smo“”gell’(gg %8% exposed portions of the netal

FHRihd B U RIkbtRAShrriEdhy & oARNiet pdBdh 00ths netalpad, wherein a

I nsulating passivation |ayer nmay ext end betvveen tf(]1 ¢
second nepcasbd pengion o6 thepoetalpad laﬁée efige cpructivn bargier tay free 0
thems% er bunpaé}raet allurgy (seed) layer and barrier Iayer,

portions of the insulating passivation
PARIingBY ilgcomRatiad elickire ﬁhtﬁbecouddcﬁrvlalhm'ierﬂﬂsalr | wireggin

seed) layer and the barrier |ayer por.t.ions
the condfictiviedbarrst 43yer ighebwesmtheiint %Wﬁ*é?%é’t“%g s thelhtc v
accondl ' BcthA FRriER YayRe irkiRle! er
and thﬁeérhﬁlg rﬁﬁ]‘g}f é%%etepggn Eﬁ?&{gﬁ ag ﬂ%ﬁ%’ gc ocr respondi %}kgé }ret al
differehtiRatbAidlsit put pad in one or nore di mensions w thout
requiring another passivation step. Accordingly,
solder bunps can be forned on nore closely spaced pads

% ﬁﬂlﬁgaﬁlele@@&h& s @Rdhre RGNl ikl fherefid

uce risk of electrical shorts
formmghlﬁc&hdumrbafrmwermpmeshe pr esent |nventi on has

b t l.arl h d d ' . .
UG BRB GPRGHES® EFAAGT onihe R PRt e Psb Rt B 1R, .
?élelcf f‘éfy fd’i’nﬁﬁ?th@ chndilt@ibe ¥atiePlaFeCdiong@sioh ﬂf fherosnduudive

tal be made therein w thout departln?fro t he
seed lagpi o the find pgnmp@f@he wRial padsoribaicrseaandieating at By spaelayer

on the é&g)e nde iloC lo? %13 rﬁgtﬁg?aﬁirﬁg e Sfﬁlle CBL&IZ:E% [ £ Bnd s

ormng an e act roni’c
Siffed Gdlettivel yt o the corclacie ‘tmlnﬁl@ layetr areindiving the second
substrate having a netal pad thereon and an insul ating
portion eftbe seadrlaysu fignhihespeondaortionfdhe msiahPad; a conducti ve
barrier layer on a first portion of the netal pad,
wherein a second exposed portion of the netal pad is
f3.ea mdthédecomiiot Claan B awheran rdnaxy\mng thededandgontiorn ¢fethe
insul ating | ayer; and provi di g&a nt er connect,i,o

seed IaeF oREBEES SRIPEEDS BRERLPIIEn BhTe esd PEgiaPE el thomistry

that etches at least a portion of the conductive seed layer preferentially with respect to the

conductive barrier layer and the metal pad.

4. A method according to Claim 1 wherein the exposed second portion of the

metal pad surrounds the conductive barrier layer.
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the conductive barrier layer is between the

i nterconnection structure and the netal pad and
wob@sa0199 he i nterconnection structure and t hePCT/US2005/012029

conductive barrier layer include different materi al s.

2. A nmethod of form ng an electronic structure )

ac domethog aterding tnClrimtewkdreinfagromionyof the censiwativg barder

barri.er | ayer, copprises, f.ormng a conductive seed
layer ext rbeﬁﬂncf%beq%f’gﬁleﬁﬁegg‘lﬁg' on the insulating Iayer,

selectively form ng the conductive barrier |ayer on a

portion of the conductive seed | ayer on the first

BorA insthodfaceardingwe Glaimaawhereinithe insulgng lyepatends engn

t he seed | aver ;on t e ' d
edge pirgop PEECp e SBirE (ROEBR PR taf by Bpoonl gRER R
metal pagie&ipov& dethmthe gorddnetivotdtied laye aba riid iesulhtingdayer.
renoving the second portion of the seed |ayer fromthe
second portion of the nmetal pad. 3. A nmethod according
P AR08 10 IEHDV bkl oG 67 BLBROAGRAVO barkile
e ayer COnpri'ses éetching second portion of the
layer egtefdk droy portius bMpe dmsubitioh leem stry that etches at
| east a portion of the conductive seed | ayer
preferentially wth respect to the conductive barrier
lay d j tHarrie
& R e B et icr
layer igwibatantiedly Aignedwith sespbe te o ncntet dfithe ngtal pat. | ayer. 5. A
met hod according to Claim 1 wherein a portion of the
conductive barrier |ayer extends beyond an edge of the
et 2l acBordfhe B Chath AGheFesH NBeri@ JEHR dBndudiRrRirier
the insulating ["fayer extends on an edge fortlon of the
layer ismatbataniialty difsbwith eespes te alsentemeidhe metag awd.t he second
portion of the netal pad is exposed between the
conductive barrier layer and the insulating |ayer. 7.
A 0TeA hgh Gk Esdingdo Mhaifd RfuRher véigpeimg:a portion of the
conductive barrier |ayer extends on a portion_of the
i providing angconsymetal mrd on the SRRk PHFEINGe a5t epd perond metal
4 wher eei n grt,c%r&t er of the conductive barrier layer is
pads afe jRaged AP AR o) i gned with respect to a center of the
n@taingRasdcorll coddmive barriet tayerlbmg poriiofl ofithe sbcovtemetahpad,
center of the conductive barrier layer is .
whereigplignmes af fheofisseandyptive fasdgdeyer rativedafhefishmetagad is
differeggﬁl%}rl Img ?ﬁ %nrr}é}rt oAHIREORE REGREAE Bl 145k AelBtive tdifleRBEond

metal pad.

11. A method according to Claim 10 wherein the first conductive barrier layer is
substantially aligned relative to the first metal pad and wherein the second conductive

barrier layer is substantially offset relative to the second metal pad.

12. A method according to Claim 10 wherein the first conductive barrier layer is

substantially offset in a first direction relative to the first metal pad and wherein the
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provi ding a second netal pad on the substrate, wherein
the first and second netal pads are spaced apart; and
wo rositg9n second conductive barrier |ayer on BCPUS1008612029
of the second netal pad, wherein an alignnent of the
first conductive barrier layer relative to the first
second wenductivadairisr Wiyt ie selstantindn offsetan b genond dire¢tiantielagize tritie

conduct.i v arrigr yer, relative.to th econd rmet al
second Sl 54 ot it e SRl s P BidnPigeR ADRERERE) (e

first conductive barrier layer is substantially

aligned relative to the first netal pad and wherein

tlhe Asmethed acemdinete (laimaly Wherein) thy interrennegian HRICHEE | v
. of fs el at cond netal pad. 12. A nethod
mdudeé?@‘csé’f&&fﬁ%mPgn{ﬁgé%?ﬁ)ﬁngRﬁsgr ein the fi Pst conduct i ve

barrier layer is substantially offset in a first

direction relatjve to.the first netal pad and V\gs{,ei n
tle Somsthodaseridigity Slaimy | vhereinghe metal pad ctudst plypyigum,
o e | O . o
copperygql3ing/d} Ao ARER0E MERE IR hB G bl RIS RERP R
copperparRl/¢hi dilogs theteof,dd whenst thednecmanelitiog stractGesinaiudes solder
wherein the interconnection structure includes a
and/or @PREEr bunp and/or a copper post. 14. A met hod
according to Caiml wherein the netal pad includes
al um num copper, gold, and/or alloys thereof, wherein
tite A arethoctdcverdburto iCaim hybereimibe nadal pad ddcdides ebppawm
and/ or . alloys there an% wherein the interconnection

f
and the;gquduetiyed ?IIWéé’m@'ZﬂeﬁQ}c &nd/ or copper. 15. A nethod

according to Caim1l1 wherein the nmetal pad includes
al um num and the conductive barrier |ayer includes

ni6c ke methicgl acpondisgito €laisc bwiietsin atdeast appartipnyl dreanetakpad is

I t [ f th I ' i. f
on  parfgs prBsSeiaR e B F B L ol SR ERb R0
substr@fh RRRFTINS Bistibenslibat rate is free of the insulating

| ayer. 17. An electronic structure conprising: a
substrate having a netal pad thereon and an insul ating

lﬁ%e‘&ngfégﬁgﬁg%@ﬁ%?ﬁ%ﬁgiﬁz pad; a conductive barrier

layer-on aTirs the netal pad, wherein a
seqamegate kpoiag d npvaltpad theodort dnd amehsilatprpdayes shmreendaig thhe
conductive barrier |ayer and free of the

metal pad;

a conductive barrier layer on a first portion of the metal pad, wherein a second
exposed portion of the metal pad is free of the conductive barrier layer and free of the
insulating layer; and

an interconnection structure on the conductive barrier layer, wherein the
conductive barrier layer is between the interconnection structure and the metal pad and
wherein the interconnection structure and the conductive barrier layer include different

materials.

18. An electronic structure according to Claim 17 wherein the exposed second

portion of the metal pad surrounds the conductive barrier layer.
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insulating layer; and an interconnection structure on

the conductive barrier |ayer, wherein the conductive
whasositers9d ayer i s between the interconnecti on BCT/USL005/€12029

and the netal pad and wherein the interconnection

structure and the conductive barrier layer include

different materi al s. 18 An el ectronic structure

d
S R G A e T
conducﬁaé bdrflEr lapot@siich8s béyonalag@tigoot the sletlghdr e according to

Claim17 wherein a portion of the conductive barrier
Iayer extends beyond an edge of the met aI pad 20. An

str i AG: e
Phs P ingnt et feeBRAR ' Qinh &7 SBl e iU flelayer
extendd1&d ﬁi edg%@oﬂ[lﬂﬂﬁ] themietib paditysiosiad thesobdtingd sot ﬁl&t the saood
portion of the nmetal pad i s exposed_ between t
Poﬂlonﬁﬁ]éﬁmﬁal@addéﬁ@@ﬁd IbﬁKY@Pn EePORHCtive baTrer 13YgT P%f@? 21.
ctronic structure according to Caim 17 wherein
1nsulatfb‘géé? ?I on of the conductive barri er | ayer extends on a
portion of the insul atlng Iayer An el ectronic

structyre accordln ereln a cent er. of
2 e AduRleRiton] qc‘%%/@rné ﬁg BLELR A RPTHP R ed
£ ihdIhsiRbAY | 23. An
conduc%?ﬁ%ﬁ%@%ﬁ%ﬁl@?@??ﬁgﬁf&%.‘ngﬁ}% LR IB%, herein a
center of the conductlve barrier layer is

sta tial set w espect. -t g a.center he
S esitonsryre pestid i L CBER 2R B e ft o
conduc@vé ibBiribf 1dyHF {sREBstAMANY bEEikd with fSFAEh Mednidr dfakt @btal pel.
substrate, wherein the first and second netal pads are
spaced apart; and a second conductive barrier |layer on
porti.on of t he |
Sl e L SR8 e e
condudiik hiriee ldyer ishabdtardtilly l(ﬁﬁﬁsﬁlmﬁﬁﬂasp@t b 4 tartardf thehmatahpad
alignnent of the second conductive barrier layer
relative to the second nmetal pad. 25. An electronic
GE Al risinoSt
?%n c%ﬁggﬂﬁgrrlergﬁgggéh %%stant|a§1yﬂg)ﬁg§zd
reededdnd/@etabpachen this sshstrate &memdt}m rftstvind se¢omdinhesalgnad®arg
conductjve barrier layer is substantially offset
Spacedr@ﬁﬁit"if\ﬁe to the second netal pad. 26. An el ectronic
& g&%@{&gﬁ@% kg thr Ghaipdidsh ¥MBE 8ddand bRtdl iph& twherein
uctiv
an alignment of the first conductive barrier layer relative to the first metal pad is different

than an alignment of the second conductive barrier layer relative to the second metal pad.
25. An electronic structure according to Claim 24 wherein the first conductive
barrier layer is substantially aligned relative to the first metal pad and wherein the second

conductive barrier layer is substantially offset relative to the second metal pad.

26. An electronic structure according to Claim 24 wherein the first conductive

barrier layer is substantially offset in a first direction relative to the first metal pad and
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barrier layer is substantially offset in a first
direction relative to the first netal pad andwherein
wo b@saerond conductive barrier layer is substapCT/ab1095/012029
offset in a second direction relative to the second
nmetal pad and wherein the first and second dlrectlons
whereingthe satiohd eomiuttivolarrignlapéras substantallst offitst Uy 2sererd AHPGHGN

relaive e A A e o oY i o S Y B AL Biferent

el ectronic structure accordlng to daim217 further
conprising: a seed |ayer between the conductive
Par Aheleciraie stragturetaseordingdp Claim 1 Tvhereinthe friersamppetion

r,and t.h cond Y r layer include
“HEUHBP¥$§P§HF° e% Bﬁﬁgxgﬁqéﬁgctronlc structure
according to d a|n117 wherein the netal pad includes

al um num copper, gold,  and/ or al lggéx thereof, wherein
Q&eA@@h@U@mP@EUﬁﬁﬁ?%ﬁﬁnm (Clpige | { BEQehfQRRESIG opper |

and/ I

S refep ckaly tl\%rwan%?%%* dd 0 sl RRECl @8

seed ladr 66d fRToAdEHtivE bhttee layecimchiida diffaver@inaitenialy. wherein the
nmetal pad includes al um num and the conductive barrier
| ayer includes nickel. 31. An electronic structure

?gc %deg&@oﬁl% (8 Qc?:ot’&(i}r?% ®'MafM 17 %%fex@ﬂﬁ%étbl%d%cludes

I's on a lon of the insulating |ayer
alumin®®@, ¢dpder, go]slumfcﬁmealbﬁfs tHEBBOﬁBVMIelpahb opdustivecbariier layer
sub rate is free of

includ eﬁt’é‘t cmpe;,&n Oh 611%%9 ?rgg‘rt, AT W e@l%gﬂtﬁergonﬁ%’uo@ sttrthctlge

includeS Q5L Hd fQVvi ding a substrate having a netal pad
t hereon; ng an underbunp netal lurgy | ayer on a
surface of the met al pad wherein the netal pad is

th d )
g@ \;ﬁxregecéro%,}cgs?%g{ué g&pcgg aJco @{agréélz%%h%?ﬁg%u% Al %aljl r%%cludes
alumin{Bl Ak e ehadh@nerbanharigyen 1ﬂdﬁﬁie§ adgebunp netal | ur gy

| ayer is between the barrier |ayer and the netal pad,
wherein an entirety of the barrier layer is confornal

%t P*ét ‘ﬁsﬁﬁ HE%SIU%CH?ga thifg & ‘gfalrh J&H&Eé’i aPRMst a%ﬂ)‘flnon of the

arrier yer an erbunp netal |l urgy.
metal pad¥£6:$a E@xﬂﬁ@ﬁloﬁ ﬁqd:inﬁlﬂeﬂug‘ihymb ehdtalssrfacenafftbe meted pad opposite
sol der on tP rr|er | ayer wherein the barrier
the subsigie is free atlﬂ% a81-der bunp and the underbunp
met al | ur gy Iayer and wherein the barrier |ayer and
the sol der bunp conprise different materials. 33. A
g3t hoehettfodfod fonrigg am eleteartic smidurst tha arathesd contprisitg hod

conpr,j si n
pr(r)r\F/)ld{ng a substrate having a metal pad thereon;

forming an underbump metallurgy layer on a surface of the metal pad wherein the
metal pad is between the underbump metallurgy layer and the substrate;

forming a barrier layer on the underbump metallurgy layer wherein the
underbump metallurgy layer is between the barrier layer and the metal pad, wherein an
entirety of the barrier layer is conformal with respect to the surface of the metal pad, and
wherein the barrier layer and the underbump metallurgy layers comprise different

materials; and



provi ding a substrate having a netal pad thereon;
form ng an underbunp netal lurgy | ayer on a surface of

wo b@sret4ad pad wherein the netal pad is bet weePCT/082005/012029
under bunp netal lurgy |layer and the substrate; form ng

a barrier layer on the underbunp netallurgﬁﬁkayer
Wbenieg a solder umaeeibthebarniar dden mipreimihe bairier fasenisdietwera

ier | d th t al .pad, it
e s o Yo B AR 0B EDRH TS ever
the sol&@WRfdp<R®nfpriké BftRAnt MRk@Talal S; and forming a sol der

bunp on the barrier |ayer wherein the barrier |ayer is
bet ween the sol der bunp and the underbunp netall urgy

laye rei.n _t.he_ barrier t .- unp
é%nﬁ%#?ﬁggffﬁgp%Eﬁa%g%%gﬁg éﬁ%bn8ﬂ§gg$gﬁﬁ§§ g??@bn of
thhevidmEalsubashtd BavingdosRthl palj tiesdh; t o the under bunp
netal lurgy layer, the barrier layer, and the soqur,
Horming 3u undgibamp smetal ey leyeren afilase ppie spgigl:pag wherein the
sub [ ; der bunp

metal FIEhoGess BF theBn P B BERL AP e oBB iR e i

t{amine tadarrid tayies oh eienedarbube mediurgy fqyemaherdeinuthgy
| ayer and the substrate; € harrier

lLayer on the .
underbympepeaRE SHIDET ISIEGYeeP Al barifieladrmiang laﬁt&QP‘Hﬂ fipd wherein
i vl . t
o Bt Ay LIRS 8 chapp s et b
clonhingresoldat bimmp es plechartier layee véherdin the wirieriayards between
ad, and erein the barrier |ayer and,the underbu
the solfgh bpmii gl o Hy O R TIESS oy e PsrEIh i BT S eot e
solder %ﬁing RbmpHIPdiRrdnhBaRifals, S1d WANST AMRHi6H Bf thBendbdrali &
l'ayér i s between the sol der bunp and the underbu

exposauetdgdcknirtg yhd underbumprietablenggilayer ke bairiet leyen agdthesplder

the sol der bunp conprise different materials. 35. An

el ectronic structure conprising: a substrate having a

nmetal pad thereon; an underbunp netallurgy | ayer on a

surface of the netal pad wherein the netal pad is

bt wae alectrenic FastlE FPRESER] ur gy | ayer and the

subst o ' I .on the underbunp netal | urgy

|%gg?ﬁaéﬁﬁgsﬁQ?ﬁ%“ﬁ%%é@%ﬁ%ﬁ metal lurgy |ayer is

bat wekbulyembiatluigglayeayan sarfacet dfehemmbal paheheraimdthe metal
_Wherein the barrier é{l@yeﬁ andcfhe ulg1de_rburrp met al | ur gy

pad is jogiyveen ghsripelpdum RetalWEY lavst &1d G SUbsEAle:

a barrier layer on the underbump metallurgy layer wherein the underbump

Jbump.

metallurgy layer is between the barrier layer and the metal pad, wherein an entirety of the
barrier layer is conformal with respect to the surface of the metal pad, and wherein the
barrier layer and the underbump metallurgy layers comprise different materials; and

a solder bump on the barrier layer wherein the barrier layer is between the solder
bump and the underbump metallurgy layer, and wherein the barrier layer and the solder

bump comprise different materials.

35. An electronic structure comprising:

a substrate having a metal pad thereon;



a sol der bunp on the barrier |layer wherein the barrier

| ayer is between the sol der bunp and the underbunp
woreaoalibupygy | ayer, wherein the barrier |ayer aPdI/uBm05/012029

sol der bunp conpri se di fferent mat eri al s, and wherein

R SRR G R R
pad isHRLH ﬂ}i’éjlﬁmlerbump metallurgy layer and the substrate;

a barrier layer on the underbump metallurgy layer wherein the underbump
metallurgy layer is between the barrier layer and the metal pad, and wherein the barrier
layer and the underbump metallurgy layer comprise different materials; and

a solder bump on the barrier layer wherein the barrier layer is between the solder
bump and the underbump metallurgy layer, wherein the barrier layer and the solder bump
comprise different materials, and wherein a portion of the metal pad is exposed adjacent

to the underbump metallurgy layer, the barrier layer, and the solder bump.
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