WD 2004/ 075265 PCT/ US2004/ 005818 METHODS OF SELECTI VELY BUMPI NG | NTEGRATED
CIRCU T SUBSTRATES AND RELATED STRUCTURES RELATED APPLI CATION 5 Thi s
application clains the benefit of priority fromU. S. Provisional Patent
Application No. 60/448,096 filed on February 18, 2003, the disclosure of

whi ch is hewebgisiorrecar porated herein by reference in itspenvsznetyssisl ELD OF
THE | NVENTI ON 10 The present invention relates to the field of integrated
circuits and nore particularly to nmethods of bunping integrated circuit
substrates. BACKGROUND OF THE | NVENTI ON Hi gh performance m croel ectronic
devi ces often use S@llﬁﬁ' balls or 15 sol der bunps for electrical

i nterconnection to P QR 8ReECTIVERY BUNMBING INFEERAMERHLRCHIVer y

| arge scale integration (\VBYBPTRATFESANDRBEEASED STRUSTURRESnect ed to a
circuit board or other next |evel packaging substrate using solder balls
or solder bunps. This connection technology is also referred to as
"Controlled Collapse Chip Connection--C-41" or "flip-chip" technol ogy, and
will 20 be referred to herein as SHLIETEDMY.ICATEONdi ng to sol der bunp

t echnol ogy devel ope sl W!EB . ati

t hr ough open?ngs i ndgmgﬁggic})éﬁtﬁgsc%gmi C %]sef@é]e%r'r%@g%t% gP éhsgﬁ?\géglé%@gatem
circuit wafer. FRpplicadambioe 50448,0%8Htled dio Feb;L284 1342003t dibads r-Oebanikalit e
Metal I'i ¢ Bondin alelo s t, al i scloses . an 25 el ectroni c device
with chip wiri nge'{‘% %%%Q%rggﬁa;%%ﬁaqyﬁﬁ?éﬁoﬁnmI'tﬁféwgeﬂy‘The wiring terminals

are typically essentially alum num and the netallization |ayers my
include a titaniumor chrom um | IELDzeE TadheRIEMTICRyYer, a co- deposited

| ocal i zed chrom um er layer, a localized ttabl e copper |ayer, and a
| ocalized gl d or tiMeRRSEPRYMYaYRN eiRfedd dip et Titsemied cipute &80 Fare 30
sol der | ayer i sparticgt@diconeties@ApRIMPhyl iaerateSelreet siismidsechnol ogy based

on an el ectroplating nethod has al so been actively pursued. The
el ectroplating nmethod is particularly useful for 1 WD 2004/ 075265

'I'DCT/ US2004/ 005818 | arger subshcxEsoanth orefheinPerA$oNI N this met hod, an
under  bunp High performance microelectronic devices often use solder balls or
156 soider bumps for elecirical intarconnection to other microelectronic devices.
Forexample, a very large scale integration (VLSI) chip may be electrically
connecled to a circuit board or other next level packaging substrate using
solder balls or solder bumps. This connection technelogy is also referred to as

"Controlled Collapza Chip Connadion--C4" or "flip-chip" tzchmology, and will
20 bz referred fo herein as soldsr bumps.

According to solder bump technology developed by [BM, solder bumps
are formed by evaporation through openings in a chadow mask which is
clamped to an integrated circuit wafer. For example, U.S. Pat. No. 5,234,149
entitied "Debondable Metallic Bonding Method" to Katz et al. discloses an

25  electronic device with chip wiring terminals and metallization layers. The
wiring terminals are typically essentially aluminum, and the metallization
layers may include a titanium or chromium localized adhesive layer, a co-
deposited focalized chromium copper layer, a localized wettable copper layer,
and a localized gold or tin capping layer. An evaporated localized lead-tin

30 solder layer is located on the capping layer. '

Solder bump technology based on an electroplating method has also

been actively pursued. The electroplating method is particularly useful for
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metal lurgy” (UBM |ayer is deposited on a mcroelectronic substrate having
contact pads thereon, typically by evaporation or sputtering. A continuous
under bunp netallurgy layer is typically provided on the pads and on the 5
substrate between the pads to allow current flow during solder plating. An
exanpl e of awoeb®erynepl ati ng method with an under bunp metabsaegyssig ayer i s
discussed in U S. Pat. No. 5,162,257 entitled "Sol der Bunp Fabrication

Met hod" to Yung and assigned to the assignee of the present application.
In this patent, 88" HGERIESARS srealier bUrpy. IndpEmethed vrie & inglet BU@Rr oni um

layer adjacent whgamupstushe [%y@‘ 9 a8S0siRdlPR meaécﬂr&x%um&ﬁga@@ S as a

sol derabl e netal, and a phased chrom uni copper |ayer between trf rom um
and copper | ayef8Ntathradsbaresn, ynisaliybyerapniaiion e grudiedngofl chytinusoaver t i ng
the under bunp pBLA! b i ~ ct pad
into an internet al‘?ﬂi%: O@M}éﬁ%ﬁfﬁ% ﬁgﬁ%'vgﬁyg]l%}ug ng\}lg%? gﬁﬁgggﬁn%%%ogﬁﬁh%w of the
under bunp n®t aFVistipe bainsen ISURMER SRV eErNNBENTI UENgAnddaT gilatiggt o

enbodi ments of the p i t o Cj i u r.al e
Tncl udes o motal Tyt SRRDPSOY AL BErorllahE bR By LA A BRI Y
i ntegrated circlayer sulistusaedin WA fdit. Mo thesnriabnliteyleiSoldaduanconduct i ve

bunmp is forned . r..er. | ayer. re.particul arl. the, barrier |ayer
is between theggkgﬁl‘% @F%@ho utﬁp%y%c?rfl\éﬁ #S rﬁgtt?grfee?ssﬁr&eq ﬂ@hﬁgﬁ%ﬁ%[i ve bunp
is offset fronmappieatiet.dh thiapetent, Ahe andéosump ehetdtRirgoRGecincgedanp, at

| east portjons of the barrier |ayer are renmpved fromthe tal | ayer

t hereby 25 L@pogrﬂrﬁa1"f'ﬂéa¥?éta§lacﬁﬁe‘é? %H/ﬁ?qf%tea?”ﬁcﬂatd?oﬂ?% CORRET IRYEF PBICN ayer is
mai ntai ned bet aeteasthelgarabiahétie dadiPpRR@dtdReoriilbts@ies layBRecfiRieal thbayer
may be an al um num.| aye and/ or th$%$grri er. layer may be a layer of TIiW

ri

r,
Moreover, the HHPEIUNAECOPPRKE S P&y e the SR e hEMPoR RISV’ Blnp may

be layers of déddver@ntihariges i@dlrﬁgn@a!ﬁlrgfI%@B@bé%éeHﬁﬁ@%o@EF@wﬂEta%H' ur gy
| ayer may al so be faornmed on the arrier layer before form ng the

conducti ve bunpCrERFRE Intemintegmelalliagfithe eplider aydihe selderabledivammanentinder

bunp net al |15 gyod tAY @hde@yurke riamNed | eem the barrier |ayer opposite the
netal |ayer while nmaintaining a portion of the 2 WO 2 001/0 75 26 5

PCT/ US2004/ 005818
SUBIMAFRY OF THE INVENTIOM
According to embodiments of the present invention, an iniegrated

circuit substrate includes a metal layer thereon, a barrier layer is formed on

20 theintegraied circuit substrate including the metal layer, and & conductive
bump is Tormed on the barrier laver, Mors padicularly, the barrer laver iz
betwaan the conductive bump and the subsiraie, and the conduciive bump is
offset from the metal layer. After forming the conductive bump, at ieast
porfions of the barrier layer are removed from the metal layer thereby

25 exposing the metal layer while a portion of the barrier layer is maintained
between the conductive bump and the substrate. The metal layer may be an
aluminum fayer, and/or the barrier layer may be a layer of TiW. Moreover, the
metal layer, the barrier layer, and the conductive bump may be layers of
different materials.

30 A conductive under bump metallurgy layer may also be formed on the
barrier layer before forming the conductive bump. Before removing the barrier
layer, the conductive under bump metallurgy layer may be removed from the

barrier layer opposite the metal layer while maintaining a portion of the
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conductive under bunp netal lurgy |ayer between the conductive bunp and the
substrate. The conductive under bunp netallurgy |layer may include a |ayer
of copper, and the conductive under bunp netallurgy |ayer and the barrier

| ayer nmay be layers of different materials. 5 A second barrier |ayer may

al so be fornmed:2@ritiaes under bunp netal lurgy | ayer bef orecfosznmigssihe
conductive bunp with the second barrier Iayer and t he under bunp

nmetal lurgy | ayer being | ayers of dlffer ter r.eo second
barrier [ayer &pd %@‘Vﬁé{r\f%éh“mﬁé”%talﬁd% y\% ”%%ICO?%”X% HW@t? e under

bunp met al | ur gynd ayedtratd NENHE @@Mt.b@hhu@rbdrﬁwﬂfet@rwgmy@aﬂay irﬁ:&«ﬁ:re of
ni ckel , and the under bunp netal lurgy |aye per. The

second barri er 3@ &f Cﬁﬁgﬁfb’e‘”%@‘l@é‘é’t"ﬂvgﬂ’? Lfr&eﬁﬁél”@d“%taﬂ‘dﬁy?%'ﬁrapdg’% under
bunp et a"Ufgxba'rﬁé/r%yéMrﬁé;yé@ éf%cara%fé@aﬁtrmgfenb%yer being offset from the
nmetal |ayer. Moreover € con uctl ve bunp may be selectively forned 15 on
the second barrier lpagsonafblstdr !efyre@matyi’aésm’eeéd:rrdeaiy@‘rthelwﬂdaddumpon the
second barrier |ay and t copductiye bu may_ be Se ctivel
using a sane nﬁ%@aﬁb\*ﬁ E?:y(?ﬁgﬁf‘?t’?g’é er?tﬁ?ﬁ?[lﬁcét'vgtbqn%%g’{ %neéeo n§ bsg‘Irl
bunp, a gol d byfrr -a0dheUndeCARREeBINRY lup@fem@g Jaytai’saeofcdaﬁfm‘anﬁmﬂ’@ﬂlalssrrp rray
be selectively plated on the barrjer |ayer offset fromt cf He ﬁ | a er.

Yt patMBa

The i nt egr at ed NoEeYSh RUBRGORE @AME) 'a4eE qyn‘?ﬁ Brefwesh hegon

thereon. The band bEhalAYE LUNTBYLUS HRAATRALLA émer@@@ommrmmhwum@the
metal |ayer and the input/output pad, and the cond&ytl ve eR%lrageymp

forned on 1Phe bgar laver of righs!, Wﬁb@lUPQGTWPﬁW?WﬁEY £ 3.

particularly, S getal layer and the bunp pad may both be |ayers of
al um num 25 The Pnt egrated circuit substrate may include an input/output
pad thereon, the benhél%rcohcayarmen‘myebmaﬁzmermlbﬁdmeiyﬁemmm agodiameltoei ng

t he net al Iayer and the input/ andth C y be
electrically &5GpI gamp(;n?tﬁﬁurpy.&y?? gﬁ Secay ré?rclgé%o%\?%r%gﬁ gq@gﬂi i er

| ayer from the iR@tidtal ré@temﬂor&@\r@omerc,onabalmLmhp hmyrere wfmtt:ublg formperd / out put
pad may both be | of a c{hl ve bunmp may

yers 3 , du
et orred dA ¢ 6 BhsereR DRAERVHHEE! FEM 6 B0V St AL Bat, 16 t he
conductive bunpcpByd BerRE I8t and fendiiaciinpbilirhp wipUbe Qadctw,élysfecoad
substrate nmay al so be bonded to the conductive burrgua ter ITDVI ng t he

barrier |ayer fUSHIR @ BRMEAREEK. |Té3¢é}0ﬁstCU\@ bump may b east one a sold
burnp, & gold bump, andfor a copper burnp. Moreover, the conductive bump

may be selectively plated on the barrier layer offset from the metal layer.

]
f]

Tha inisgraiad cirouii subsirats may zlzo include an input/ouiput pad
iherson. The barrisr layer may be formad on the subsirste including the metal
lzver and the input/output pad, and the conductive bump may be formed on
the barrier layer opposite the input/output pad. More particularly, the metal

laver and the bump pad may both be layers of aluminum.

25 The integrated circuit substrate may include an input/output pad
thereon, the barrier layer may be formed on the substrate including the metal
layer and the input/output pad, and the conductive bump may be electrically
coupled to the input/output pad after removing the barrier layer from the metal
layer. Moreover, the metal layer and the input/output pad may both be layers

30  of aluminum. In addition, the conductive bump may be formed on the barrier
layer opposite the input/output pad, or the conductive bump may be offset
from the input/output pad. A second substrate may also be bonded to the

conductive bump after removing the barrier layer from the metal layer.
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3 WD 2004/ 075265 PCT/ US2004/ 005818 According to additional enbodi nents of
the present invention, nethods of bunping an integrated circuit device
include formng a barrier layer on an integrated circuit substrate wherein
the barrier layer is offset froman exposed netal |ayer on the integrated
circuit subswoaemi7acconducti ve bunp is forned 5 on the bBawvier/dmyer W th
the barrier |ayer being between the conductive bunp and the substrate.

Mor eover, the conductive bunp is offset fromthe netal |ayer, and the
barrier layer, the COIIRPY{Radiitional gatbodiachte Chihe ripeentingentien, malperds of

di fferent CO”dU§ﬁbw\%lﬁ@bﬁﬁht@bﬁa:tedr&?cﬁﬂéﬁlc@rlnéléé(@%rmg RBafich PaX/%F oRfan
titani umtungsten, and the eXxposed netal |ayer may be a |ayer of

al uni num |1 n ad@iagraigd drpit sWiiieée wb@r%?h@ bayggt Iprerds offesidtorpan esposedsol der
bunmp, a gold bu d i

metal [ urgy | ayeﬂr?qgtai y@fgfg) trgeeﬁ‘ngébgwegt&ﬁeﬁgﬁséﬁ?%‘hlél%g}g?cﬁtl}&gﬁb?{mf H%’rm%f! t he
conducti ve Bunmpen ﬁchairI%fdaWleﬁmb@th?M@ layegy Hséng ib@imed thecenthictenduapi ve
bump. 15 The '“érﬁng{h%tsgfésﬁé{e ‘&g&eﬁgé%s{ﬂeaéo% veaﬂ) @#r‘é‘i'?roﬁﬂ EMRYL( out put
pad on the integrated Cifcuit su strate arrier ayer and the
conductive bunfpyerr enetfechairiealalyyr, ctltrmccedueﬂva bumheammmetme’aat jpuer payg be

Mor eover, the Ln rut/ﬁl#ep tcp ﬁﬁ%r‘]’d the .netal |ayer may each be | ayers of
al um num | {He <8 Fl'@%eﬁﬁlﬁp may be on the barrier |ayer
opposi te the 20 i ”pultf{e%grﬂé'rtlap@rdmaﬁﬂg atleerCcﬁ'?i firh 6n aﬁBXh@@xﬁBsfeﬁfet
fromthe input/output pad. An under bunp urgy may a

bet ween t helC bapeiabaypaey b@rﬁﬁab’ﬁ@fcﬁilﬁmw@m v@ ﬂﬁﬂﬁwn ﬁTﬁjCCtﬂﬁfQCUfﬁié#mburrp
nmetal lurgy |ay r

mat or i al o Acear B9 481 B bl ERoBY Bl 0BG, AL aflr A bdrBE Binp. A

i nvention, an %dumx@gmteé@umprmaiaﬂur@é\}@m naychladde aavided befreeadhei rcui t

substrat e havi %qﬁp[ﬂ 0, A is on the
integrated ci I‘g%l "?Qf S %s rate Ob?uct{vg orﬁt’%ﬁé%e%ﬁgggg%%ﬁﬁ nl]agzer and a
conductive burrﬁ)qrsledrhothm@mhmcmeeioumayer More particularly, the barrier

| ayer is bet ween ther conducti ve, mi and the substrate, the conductl ve
bunp i s of fiSet fromitRdNiFEraled FisgtsUbsHatenBaY RiSoiRF PR AN IngpdPutnuR Rad

co?duct : ve bumyn @BGhkhRtERER L sa:ub@ﬁ afl WheGOMRhE SR rridt 1 4y@ @Rth & ety e
mat eri al s.
bump are electrically connectled to the input/output pad, Moreover, the
input/output pad and the meial layer may each be layers of aluminurn. In

addition, the conductive bump may be on the barrier layer opposite the

2

input/outpui pad, and the conductive burmp may ba offgat from the
input/ouiout pad. An under burnp meiallurgy laver may slso be batwasen tha
barrier layer and the conductive bump, and the under bumgp metallurgy layer

and the barrier layer may be layers of different materials.

According to still additional embodiments of the present invention, an
25  integrated circuit device includes an integrated circuit substrate having an
exposed metal layer thereon. A barrier layer is on the integrated circuit
substrate offset from the exposed metal layer, and a conductive bump is on
the barrier layer. More particularly, the barrier layer is between the conductive
bump and the substrate, the conductive bump is offset from the metat layer,
30  and the barrier layer, the conductive bump, and the metal layer all comprise

different conductive materials.



4 WD 2004/ 075265 PCT/ US2004/ 005818 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figures 1-4 are cross sectional views illustrating integrated circuit
devices during intermedi ate fabrication steps according to first

enbodi mrents 5 of the present invention. Figures 5-8 are cross sectional

views il l ustwatréoag7izéit egrated circuit devices during i nt@Ernedi{atisis
fabrication steps according to second enbodi nents of the present
invention. Figures 9-12 are cross sectional views illustrating integrated

circuit 10 devices during intermediate fabrication steps according to third

enbodi ments of the presentBRIBEDESORIPFIGNHSTAB-JHANIRGY 0SS sectional
views illustrating IE'QF Saﬂtgd circuit devices during internedi ate

fabrication steps ac B P86 SRClinMp aadistabng itrorpiedsdieuit
i nvention. 15 Fuem@ddrﬁrgme%edzaerﬁalaﬁeéttdhestéﬂ)seéé\?co'rér;hg%Fu%ft bRGoARGEIL! v of

el ectronic evi ces accordlng to enbodi ments of esent ‘I nventi on.
DETAI LED DESCRI Priemrasadt pvesit i nvention now wil | be described nore fully

hereinafter with Zqzrbéfufeg%eé‘ﬁ?e ¢8sé Q@ctﬁ:ﬁt%?ﬁ&%ﬁﬂu@ﬂa%\%&ﬁéfe W' ch

preferred enbodi nents of the invention are GH may,
however, be enb@Niess (ﬁLﬁ'ﬂ@ﬂﬁ?rmmlﬁﬁeﬁaén@aﬂoorat@momwtcdsem:tndbe const r ued

as limted to t&%ﬁ@@ﬁ%ts@fg nt nq‘)“ret'thcmherel n, rather, these enbodi nments

are provided so that this sure be thorough and conpl ete, and
will fully convey tHﬁg@eorSe’fibaretdtess smérnhabﬂe%ilitrstr&th@siﬂte@kéteu eﬁlcduﬂ t he

art. In th r ers.and re are erated
for clari t?Gle A gqﬁgfﬁ]z%ﬁ%teq%f’hég{@f]egmasmp E)nto’ s pe
under st ood thatompr%ﬁnehmm such as a | ayer, region or substrate is
referred to as bein r element, it can he directly on the other
el ement, or inter Veﬁ:II %4 Ser@:@ §Cﬁ%ﬁ§ SaﬁCEBh%é”eﬁYse‘E‘ésﬁtatmgr‘r’"‘t@SFﬂt‘?‘gg‘tCU’tSO when
an el ement is rasvesetining idsmbeling falgid=gioh lsfe@ticcaRMder fogttgment , there
resent. Al so, when an elenent is referred to

are no interve
as being " bongéer@gocﬁ@egﬁoﬁﬁeér)p@lsgﬂféﬂt’emlot“ can be directly bonded to the
other elerent or i M@ryensng 2t QERPeBHVERYIcRE IREBSEY asddhnNPBE ERSHonivhen an

devices according to embadiments of the present invention.

DETAILED DESCRIPTION

The present invention now will be described more fully hereinafter with

20 reference fo the accompanying drawings, in which prefsrred smbodiments of
the inveniion ars zhown. This invsniion mey, howevar, ba ambodied in rmany
different forms and should not be consirued zs limited fo tha embodimsnie st
forth herein; rather, these embodiments are provided =o that this disclosure
will be thorough and complete, and will fully convey the scope of the invention

25 fothose skilled in the art. In the drawings, thicknesses of tayers and regions
are exaggerated for clarity. Like numbers refer fo like elements throughout.

[t will be understood that when an element such as a layer, region or
substrate is referred to as being "on" another element, it can be directly on the
other element, or intervening elements may also be present. In contrast,

30 when an element is referred to as being "directly on" another element, there
are no intervening elements present. Also, when an element is referred 1o as
being "bonded" to another element, it can be directly bonded to the other
element or intervening elements may be present. In contrast, when an

element is referred fo as being "directly bonded” to another element, there are
5



element is referred to as being "directly bonded" to another elenent, there
are 5 WO 2004/ 075265 PCT/ US2004/ 005818 no intervening elenents present. It
will also be understood that when an elenment is referred to as being
"connected"” or "coupled" to another elenent, it can be directly connected
or coupl ed twovhs/igtzbrer el ement or intervening el ement sremysioeripisesent .
Finally, the term"directly"” nmeans that there are no 5 intervening

el enents. Accordin to e negdl ments of the Eresent i nvention, nethods may be

provi ded t hat aI”P berRrfiegenisiresintt daviKk alselie underdipringt Wwhenah as

integrated circuigmemigreidrarid £ gy istinnaciEat af "dod @H'Stciéruﬁﬁ'eﬁéerﬁéﬁpﬁe‘j
al um num | ayers) exposed on the substrate. A netal |ayer, such as an 10

al uni num | ayer , SRR e EeabeePIECiRdic@EPiRd P theihar elertent o inkaivenipdsed
| nput / out put paéien?eﬁtélﬁ%y%@éerﬁ rF‘ﬁlet?%@fterniﬁk{)%%w‘rmeénm%@ﬂ%% e Pé’m

such as a solder bunp may be provided on the strate to provide
el ectrical &andnéevarinaaresntsi nt er connect i on wi th anot her substrate.

providing an exposed.imeial . eBhaRARL o STHG RUTRSIEN ORoSS Mbaete £

metal |ayer 15 input/out provi de a
bunps, and/ or aplfm’tﬁﬁ?ldthﬁ]‘aﬁ}l@wbm@ngbﬁsﬁegra‘redb:erco;beubﬁrahm f&gaohalsaser after

form ng bunps. resen nven n_are di scussed
bel ow with ref ’eﬁlrté éteﬁ@?r%gh U%rﬁ%erg) @F"AF &i\sl&%%ﬁ %l yEfs (%}chh ing eéﬁoﬁer%fegr at ed
circuit substragl@miim nm@erskjaaxeoaedm:h #e d;maﬁmte?%meiaiaaymsswomaé om | ayer 25

t hereon. The, 20 ted cir Ult bstra e

sem conduct ﬁ%%'ﬁ%’ AESUERY 3?83 ‘?Poc‘,’ 55???%%&%%@%8”%% ium

nitride, and/ orinput/dowtpot wsat, ki fdse su@staa@f@ctorha\mr@gv@ aecbhandtvedemiges (such

as transistors, diodes resgst ors citors,., and/or, i nduct%s for ged
pcliga

thereon. As use¥HeF%? nC9eh “Q’Bﬂﬂﬁys*aﬁo Qiged qrbihesdbstiigdo Py

waf er i ncl udi ngard/pt IMéarhazrtacyalthe!c@hﬁ@tﬁ@h&dtmérﬁ&l#éﬂsd%%’e/rhfée%@ﬁiobl&ﬁige@rﬁ\ or to
an integrated circuit die incl gr |§%e|nte rated circuit device
ebfo Bing B

thereon. Typi ca‘?’f%?seg LRIV PHENELR SERiA SRR VRAT er

af ter fabrimatiiapudut@aploahdrblive @fwﬁe'btoﬂg Rkiedies fdrid bEayps, %ﬁ-ﬁi/&rh Hé?ai
single wafer. In other alterpatives, the termsubstrate nay be used to

refer to anot hePY§d9es fug CabRAGFRRS YBiDS erlase adige ForadnabWiPit ed circui t
board. 30 The netal fiayembadimdis ofkaMESent TRENREOHIAGsARLAMEAPHIRUL pad

For referance io Figures i-4. As shown in Figura 1, an integraiad circuit subsirats
21 may have a metal layer 23 and a passivation layer 25 thereon. The

20 integrated circuif subsirate 21 may include & semiconductor subsiraie (such
agz ¢ gilicon, gallium arzenids, gellium niride, znd/or zilicon carmbids subsiraiz)
having slzcironic devices (such as iranziziors, diodes, resiziors, capaciiors,
and/or inductors) formed thereon. As used herein, the term substrate may be
used 1o refer to a wafer including a plurality of infegrated circuit devices

25  thereon or to an integrated circuit die including a single integrated circuit
device thereon. Typically, a plurality of die can be cut from a single wafer
after fabrication of a plurality of integrated circuit devices on the single wafer.
in other alternatives, the term substrate may be used to refer to another layer
of packaging substrate such as a printed circuit board,

30 The metal layer 23, for example, may provide an input/output pad for
electronic devices of the substrate 21 to be used as an input/foutput pad for
subsequent wire bonding. In an alternative, the metal layer 23 may provide a
fuse that can be cut mechanically and/or with a laser to provide

coupling/decoupling of redundant circuitry on the substrate 21. In another
6



el ectroni c devices of the substrate 21 to be used as an input/output pad
for subsequent wre bonding. In an alternative, the netal |ayer 23 may
provide a fuse that can be cut nmechanically and/or with a | aser to provide
coupl i ng/ decoupl i ng of redundant circuitry on the substrate 21. |In another
6 WO 2004/ 0782es+RCEAU 52004/ 00581 S alternative, the netelLsheyess123 may
provide a pad for electrical probing of circuitry on the substrate 21. The
passivation layer 25 may include an inorganic material (such as silicon

di oxi de and/ or 8iernaibie. Hia MetRdjavendp gravarrovrgaras! ivaelacirioe! probite ds 5

polyimde). As étFtQN’tﬂﬁ H&Oéd%sg%tet passivation | ayer 25 may expose
portions of the neta ayer re particularly, the passivation |ayer

25 may be forned ov"B”re paasivadionllayea@Srmagincladd antieergpoictmategaldsutihas
passivation lay&kcﬁ%to%@!ah@/&%hg?ﬁ'n z.Jg anﬁf@}’aﬂ%égmg affal Qlﬂcthz%ns of the

nmetal |ayer 23 I‘'ons o I ayer are
exposed, theb rrepdyxrrh@er!\m;pv&ﬂrﬂ ab‘mles uUﬂeqpaemVahtyprﬂap@eZﬁ mutexpamlpan'tlomed as

a wire bonding Figu first.barrier yer. 27 (such as
2 Vayer or i oy 87 {Saard 2, dupieiirfafent il &isvaRkh Bler PRGBS, The
passi vation | ayermas ov@rﬁdeﬂﬂ@taél&p@ﬁmj gpdrthéropsriiohs bh&wer’@tsaivahcay%we% for
(VD). e expddai peariatiely E8RVedlo pitist PaeRre &f et Bkray BY -
subj ected to clganidng tHai pstgw@é oﬁmdlzﬁétanéyerzj@@rﬁmp@s@@ah@meﬂmamfnmw a
subsequent tep of formn met aI I urg .layer,, 29. The first

er
barrier |ay ReRsegEen gd ‘?‘Bn%?dé?/ﬁlif@ F&?”S@‘lgv&f'éjn t he under

bunp netal | urgy I ayexs %vam i ?@re@.a%sﬁrm%dr@élf sa@w (séBh ab@ IQ}’/&VdfoWV
el ectrical conduction of sig bet ween under bunp 20 net al ?y | ayer 29

and the substral® qufoaﬁ@mmaf'@nwﬁw%mam betermaspa RFIS)atih f3ver @8pect
to the metal | ayeind3peeas dbghy of iiantiol Bl eld, bedxdriMer udis Yaierg,

removed fromthe netal l[ayer 23 wthout significantly magi ng t he netal
| ayer 23. The cdfgagrationeandaeehasniep! adcareraon GyEp). Z@W%ﬁ@ﬁulﬁ@q or ned

25 on the blaffr'@frthéﬁbé%e%hr%/%??'rtrﬁa\;MS@%@&E%% @%{h@&ﬁﬁd\ﬁa@%@ér yer

23. More particularl e conducti‘ve un l'ayer 29 may
i ncl ude copperci¢aing Omelﬁ!ﬁ@fk’: Pefpes a3ubsesieht %Lep@f Fapang U'ﬂd@ﬂ‘mm@r esi st

and/ or pol ymer )meta!Iany layer 28. The first barrier layer 27 rnay be selected {o provide

adheszion between the undsr bump metallurgy layer 29 and the passivation
layer 25; to provide electrical conduction of signals between under bump
20 msialurgy laver 22 and the subsirgte 21; and/or io provide an elch selectivity
with rezpsct to ihe mstzl laver 230 Accordinaly, the first barrisr lavar 27 mey
ba removed from the maial laver 23 without significanily dameaging the metal
layer 23.
The conductive under bump metallurgy layer 22 may then be formed
25  on the barrier layer 27 opposite the substrate 21 and the metal layer 23. More
particularly, the conductive under bump metallurgy laysr 28 may include
copper (Cu). A mask layer 31 (such as a layer of photoresist and/or polymer)
may be formed on the conductive under bhump metallurgy layer 29, and a hole
33 may be formed in the mask layer 31 to provide a plating template. More
30 particularly, the mask layer 31 may be a layer of photoresist that has been
selectively exposed and developed using photolithographic techniques to form
the hole 33.
A second barrier layer 32 (such as a layer of nickel) and a bumping

material 35 (such as a tin based solder, gold, and/or copper) may then be
7



may be formed on the conductive under bunp netallurgy |layer 29, and a hole
33 may be fornmed in the mask |layer 31 to provide a plating tenplate. Mire
30 particularly, the nmask layer 31 may be a | ayer of photoresist that has
been selectively exposed and devel oped using photolithographic techni ques
to form thewhob®03865 A second barrier |ayer 32 (such asrai/lseperisdis ni ckel )
and a bunping material 35 (such as a tin based sol der, gold, and/or
copper) may then be, 7 WD 2004/075265 PCT/ US2004/ 005818 selectively fornmed
on portions of BAECEEMIGETRIONRRIENSRTThe ARbCHAVR gpderywnp nEdalskpoleber by
the hol e 33. FObo@XBHRIcPyy iahdiessNFoPaidhgl, X coﬁ@bﬁﬂ%rqeﬁ%r 32410

material 35 nmay be el ectrop at ed nd er yer 29
providing a pI abU'ﬂi@lr@I"é@Wiéh@W@@mtrmfe@aﬁﬂ? thmlédeltlheﬂmmﬁkai@lgy 5 1n an

al ternative, el Rbl ob ERsAhabldi IRIchR disah 20,1 0Aa, GHALSDL Al under

the mask is not her deposi t' echni ques may al so
be used. Aftér froeamal’l'@rnamee MSbaaﬂaimgrmayabeus@@samiattdmlrmmrtrpamgmdmer| al

35, the nask 31 tr for and/ or_ wet

S ocene anom sttt bBBGR ality SRR Ol BBl ot fot AbteB Al
ung/er buhrrp met hdeluaf)@yﬁ\_ﬁalyf@:rmﬂ@ thefgecm&gadebwyéhigz b%mm@xmmhgmraﬁ@S

and/ or the seco arri ayver c e renoved. e ticularly,
ot Lons o - tnoRadhadtTel S BR rBuRE et TRy e paly Bk eha ety ed
using an etch cbmfrhistryy t hat rermves t he conductive under bunp netall urgy

| ayer 29 preferentiall W|th espect totheflrst barrier |ayer 27.
Accor di ngl y’F the firat 'B%W'F irb&' POPHONFERS ey PRRECIVE HEIRRUIP | ayer 23

whi | e removi ng @z@fé]lb%a?&r Zdﬂ@otlﬁaﬁéredme HURiphd Hfagsynd; @wnd?o? the¥dddnd

conductive under metal lurgy | ayer 29 of cop and a first

barrier |ayer 2har5rer Velapd GAR P@ﬁ%@PW(MPWPa*’AﬁWﬁHY Lnﬁrtwo?fd&@e@nm@y\f%e
used to sel ectiy@ler bruﬁ-r@mgténnﬁgﬁgmééfﬁoé%%vewg%ag?gn RRAdHHi @Yy ﬂh@ver 29

whi | e nmai ntai ning the netal Portions of first barrier layer
27 riot cover ed"emPVteﬁéh%G%ﬁW@Ve #ﬁﬁ@r@%ﬂp getaliungy @é@bﬁ%l pirderendaliiwitler 32,

and/or T eneid n@spekh aRSal nbir INBLSS. REERIBHAMIAGY bad¥Playeraf Ayt hen

be renoved using an etch chem stry  that rem)v Irst barrier yer 27
preferential |y Rptast thespetat laver Bhevhifietramoving portions of the under bump

metallurgy taver 2%, With a conductive under bump metallurgy layer 29 of
copper (Cu) and a first barrisr laver 27 of fifenium-tungsten (TiVY), Ammonium
Hydroxide may be used to selectively remove the conductive under bump

20 matallurgy layer 22 while maintaining the metal layar 23.

Forfionz of ihe first barrisr l2yver 27 nod coverad by the bumping
maierial 35, the second harrier laver 32, and/or remaining portions of the
under bump metallurgy laver 22 can then be removed using an etch chemistry
that removes the first barrier layer 27 preferentially with respect to the metal

25  layer 23. Accordingly, the first barrier layer 27 may be removed without
significantly damaging the metal layer 23. With a first barrier layer 27 of
titanium-tungsten (TiW) and a metal layer 23 of aluminum (Al), portions of the
first barrier layer 27 may be removed using a mixture including:

Hydrogen peroxide - 10-20%;

30 Sulfosalicylic acid - 2-30 grams/liter;
Potassium sulfate - 25-200 grams/liter;
Benzotrizole - 1-10 grams/liter;
Water for makeup;
Temp: 30 to 70 degC; and

35 pH<7,



25 layer 23. Accordingly, the first barrier |ayer 27 may be renoved w t hout
significantly damagi ng the netal |ayer 23. Wth a first barrier |ayer 27 of
titaniumtungsten (TiW and a netal |ayer 23 of alumnum (Al), portions of
the first barrier layer 27 nmay be renoved using a m xture including:

Hydr ogen penoaidenys2d0-20% 30 Sulfosalicylic acid - 2-3&mgrams/ohister ;

Pot assi um sul fate - 25-200 grams/l i ter; Benzotrizole - 1-10 grans/liter;

Wat er for nakeup; Tﬂ@ [? 2: % tg 35 pH<7, 8 WD 2004/ 075265

PCT/ US20041 005818  THEE STHGRBATE G e@bééwaf@%‘rp et etuseriag that the
bunpi ng mat eri ama&ridl 86MEr®s HhI wiin {ﬁ% bR eabs3 kﬁh&ﬁras%fn éi§hh%n$§| (F))

al um num | ayer i s exposed as shown in Figure 4. Wth a tin based sol der

).
burpi ng mat eri aff,eXPPesd 8 Shpwe In Figrraghinyi rr'i‘ga Haparehsolesr hning Nfateniald,

refl owed, and cﬁoe@QQMpteOth‘ia wrﬁyuhg%étbﬁaa%' mayge%%’d NSHSREE ;na ge% et
Figure 4. Wth a go g mat eri al nmpi ng materi'a 3'? Be
anneal ed. | P anpré’l\/td@rthﬁpig@ Ufﬁ@'ﬂﬁl%@f@”@fﬁ&‘bﬁrl@w&eﬁ' Withe grdd bumun@y | ayer

29 and the bar rr'n‘éfer%x@Xﬁé bgr%p nalr %‘é?%eagﬁn%%ﬂe@e% gﬂ%ltgn%tl%mp' ng

material to forma i nati ve ng naterial 35
may be bonded t@pfﬁo@imﬁ)’@ﬁltlﬁlﬁer %mbsmeiaf@rgﬁ@wa 29aut the bamef tauym 2fcanbal | .

32, the remmi o el o s EHEBESAT Pl R e et A PO RGy | ayer
29, and the remilemhatyeptiet ionpiog materidl i3bshapbe bbeded tyecodgatiny shestrate
el ectricall, %@ﬂrsttgo P‘{;&q %légﬁt rate through a hole in the passivation

| ayer 25 an / or on routing conductor. The bunping nateri al
35 can be el ectri calWiile ooighload it &Figure amm:apm@nﬁa@hamﬁitww@n@ barrier

o, 5, 892, 170, I pRERIES rebat it eSHiarye T Sibky By Bver o
6, 389, 691. The za sotdiseira@sainihgeaeiorods the RS @apRl eles 22MeaSs @Fé)étl ically

i ncor por at ed herein jn.their ent ef erence. 20 Accordingly, the
burpi ng mat eri a°" §%d tgﬁh%éu%’@fﬁe{ O‘fﬁﬁb@%&l ig flag prgdygtion layer 25 and/or a

15 redistribution routing conductor. The bumping material 35 can be electrically
coupled 1o a remote contact pad using a redistribution reuting conductor as
discussed, for example, in U.S. Pateni No. 5,892,179, U.S. Patent No
8,322,608, and/or LLS. Paiant No, 8,389,894, The disclosures of sach of
these patents are hereby incorporated herein in their entirety by reference.

20 Accordingly, the bumping materizl 35 can be used io provids alecirical
and/or imschenical coupling o ancthar subsirasis (zuch 22 ancther inisorsisd
circuit semiconducior device and/or @ printad circuit bozrd) whilz the matal
layer 23 is exposed. Accordingly, the metal layer 23 may be burned, cut,
probed, and/or wire bonded after forming the bumping material 35 and/or after

25  bonding the bumping material 35 fo another substrate.

Second embadiments of the present invention are discussed below
with reference to Figures 5-8. As shown in Figure 5, an integrated circuit
substrate 121 may have a metal layer 123 and an interconnection layer 119
thereon, and a passivation layer 125 may be provided on the metal layer 123,

30  the interconnection layer 119, and the substrate 121. The metal layer 123
and the interconnection layer 119 may be patterned from a same metal layer
(such as a same aluminum layer). The integrated circuit substrate 121 may
include a semiconductor substrate (such as a silicon, gallium arsenide,

gallium nitride, and/or silicon carbide substrate) having electronic devices
9



and/ or mechani cal coupling to another substrate (such another integrated
circuit sem conductor device and/or a printed circuit board) while the
nmetal |ayer 23 is exposed. Accordingly, the netal |ayer 23 nmay be burned,
cut, probed, and/or wire bonded after form ng the bunping material 35
and/ or afterwo2&4buondi ng the bunping material 35 to anot heruRBsNIsag €.
Second enbodi nents of the present invention are discussed below wth
reference to Figures 5- As shown in Figure 5 an integrated circuit

substrate 121 Ché\?é@srﬁé@@:dlpﬁ%weﬁger%ﬁap%tqrma@ldwm@tqra))rforra%r 119

thereon, and a pResd/ahs 08ed AYRn, ll?@te%ku%@tr%%bgﬁg 188 Eé‘%féﬁb%'wéf@)’er
123, 30 the interconnection | aye he substrate

layer 123 and tkhid dinet aplsaiive el nt Intﬁ@rataéi@rrcqu@em@s &ﬁ@rmqréeﬁadntﬁg@ﬁech sane
metal layer (spedidge ﬂqcﬁﬁﬂ?g Q'stﬁ'le!‘M%Qgr@%&rc)rc FBSVI%@{%&L%SDGAJHE%I con.

substrate 121 may include & sem conduct or SubsStra
gal | i um ar sehi dElUfaleatDﬂdiﬁﬂﬁmberqméfomﬁihgiﬁ wafler atter felridsitide of alpdurality ef

havi ng el ectron 4 P

ranelstors, o rdaigsuael00st RTaRe et ARE R SRR uf?

t hereon. As usesliiséast maytheeugedrimrsfebt arattiee mayerhd pasmgimg)smmme swcha waf er
including a plu f.integrated circuit devices thereon or to an

i nt egr at gd (I?l r%:%%lpt”ﬁ e% (f”r%]lt%%? g a single integrated circuit device

tper eoP bTypl cally, f%émptalntasﬁer u23,dbrdim;aenmlag peoitidd mmdpa:t/shmgt ﬁacwaj‘rer
after fabrigation of .a plura 0 integrated circuit i 0

i ngl e wat el 19°ae SBYPES RbF slberatRd B aP He sbrbran PG BE RROdH 1o

refer to anot h&iukﬂs@ﬁ&ént@ﬁlr@b\@ﬁ@l@g N M@rn@ﬁ\@ SuChetAfyar P23 ma@qar§w;ﬂ§UIt
board. The net al IayE 35 for e%ﬁ %?w de an input/output pad
for 10 el ect r chI*CdBR} SFULTR ¥ ape/or pithiplapey 194eevide an

i nput/ out put  pagbupPhig/dsLhSARY VR tedMnBan ORI e AbsabieerZiatih waothehe met al
| ayer 123 may prOV| de a fuse that can be cut nechanically and/or with a

| aser to provi d&t eéfaﬁrbrﬁ. Hg/aeieblayes hep mayrpé%%ar&adcfp?@l@ww Rfﬁblna@f
substrate 14l dm&umm'é su%ltair%”@t'l' Vite JFﬂ%‘?Cd’FHe%hoﬁ BYEf 1@@%9’&%‘0\%@%% a

pad for electrlcal probing of 15 circuitry on the substrate
i nt er connect i orflf&yer! endonigelpninebiierecrnestion itiyalohsd uripaRIase al o a

i nterconnecti Orhet\lf're‘%gg*hlﬁtr}%%'ugg a@%ﬂﬁ’fﬂi@é (éﬁ&lfaood?@ﬁ ah GHEL rafiPSILAt € (such
as aprlnted circuit board or an I ntegrated circul
davice) az dizcussad in greaisr deiail below. The melal laver 123 and the

interconnection layer 119 may both include aluminum.

™2
R

The passivation laver 125 mavy include an inorgznic matariz! (s chas

gilicon diciide and/or zilicon nitrids) and/or an orgznic maizeiz! (zuc

U)

polvimide). As shown, holes in the pazsivaiion layer 125 may sxpozs poﬁ:i@ns
of the metal layer 123 and porlions of the interconnection layer 1192. More
particularly, the passivation layer 128 may be formed over the metal layer 123

25  andthe interconnection layer 119, and then portions of the passivation layer
125 may be selectively removed to expose portions of the metal layer 123 and
the interconnection fayer 119. By providing that portions of the metal layer
123 are exposed, the metal layer may be subsequently probed, cut, and/or
used as a wire bonding pad.

30 As shown in Figure 6, a first barrier layer 127 (such as a layer of TiW,
TiN, and/or combinations thereof) may be formed on the passivation layer
125, on the exposed portions of the metal layer 123, and on the exposed
portions of the interconnection layer 119, for example, using sputtering,

evaporation, and/or chemical vapor deposition (CVD). The exposed surface
10



device) as, discussed in greater detail below. The netal |ayer 123 and the
i nterconnection |ayer 119 may both include alum num 20 The passivation

| ayer 1-15 may include an inorganic material (such as silicon dioxide
and/or silicon nitride) and/or an organic material (such as polyimde).
As, shown, hwebesuiorszéhe passivation |ayer 125 may exposepqoniigegssiof t he
netal | ayer 123 and portions of the interconnection |ayer 119. Mbre

particul arly, ﬁ passwatl n |ayer 125 may be forned over the netal |ayer
123 25 and the Phi&riEeihasisr %Y?rl" dnay e subjgeted e f16881NG; YHIMY et anidor dry

passivation | ayeeankgpdrtions béﬁir@‘éts!u\b%é{uérﬁg@be&fé;@mﬁ@flaﬁ@é’r mehgi ons of the
netal |ayer 123 and 'the interconnection |ayer By providi ng that

portions of themMasalkiray layer129 sRhayfirst b&rﬁ@é@aermemﬁmbaseﬁwtw vige

b tl h
Th Rqure 6 b o busBne il agiing et AP i PR g Al o
and/ or conbihat isyas12Fide povjdereghdaséor oetwedn dre witer basy matailurgyllawﬁ 29125,
on the exposed Boi iORR Ol LR RSl 1194 oBBcA G RPENTHh:

portions of the |nterconnect|on éexa usin ering,
evapor at i on, antl¢imeeohmdechmpamBJalhdgyows/et i1 2% aﬁd:‘t![@ subﬁmeteeerbmd/m"tjof ace 10

WO 2004/ 075265 4 8 of.. .the fi rs bar 127 may be
subj ected to cl g;\ll;l{d'r%g%h% ﬁgg(%g "“é{n"&}*bfesa?ﬁ‘ o %Qﬁl%@ay@ﬁg%gt ﬁgﬁgrdgﬁyme a
subsequent st eptheffirftdramtierdaysrdi®7 rhaype rembadd fio@ythe aysal 1429 .12BhatHdut st
barrier |ay 127 . %/mf%e sel ect OVI %?h adhesi on between the under

d to
bunp et al | Ut gySPaYE Zj@”éﬁﬂﬂnq 5”8‘3 a)’ﬁ'f 5 layer 125; to provide

adhesi on bet ween t hemm@lfrrdubwmumwraiulmy tdlanslayet9 29angy tm be formed
i nt erconnecti on 119; to qg,row g‘ ectrical co %UC'[I 0 nal s
RHESHS

bet ween under FRLGITN SFPSRE Ltbs ,eam%ta I"""’ PBH to

provi de an etchth@erht@eddnwe@ﬁonwhyé} TBS N6 f@t:&ﬁ@lﬂﬁ@bodo@%@ﬁe dder bump
Accordingly, the first barrier |ayer e removed fromthe netal

| ayer 123 wi t hoUietIH@YdRHi 12O BmY |"5‘Fi%ﬂ‘§rf<‘é’@i0ﬁ@e/@«ﬁe Arrsgsl lavay &1 sh aprie
conducti ve wnderydphorRIradisid @Yo @f\ﬁﬁe }%%z}n@é’fdnlﬂ@a olﬂeché %bﬁ@@cﬂv@@mﬁ@?

barrier layer 127 opp05|te the substrate he netal | ayer 3, t he
i nt er connect i orPYaY EtetAlaY Keel Fhrdauhele 1y 2 ﬂtl%b%fmﬁl@ét“ﬂw Wﬁél’ér‘a\’@Unp

metal lurgy | ayefs 2% BRYe [ tHa-GRRRER Aﬁ)(%h)ng pArRS ki HAY&del Blidsuch as a
metallurgy layer 1292 opposite the inisrconnection layer 11%. More
particularly, the mask layer 131 may be a layer of photoresist that has been

20 selactively exposed and developed using phoiolithographic fzchniguss to form
tha hols 123,

A gecond barrier layer 132 (zuch 23 2 laysr of nickel) and & bumping
material 135 (such as a tin based solder, gold, and/or copper) may then be
selectively formed on portions of the conductive under bump metallurgy laver

25 129 exposed by the hole 133, For example, the sscond barrier layer 132 and
the bumping material 135 may be electroplated with the under bump
metallurgy layer 12 providing a plating electrode and a current path under
the mask 131. In an alternative, electroless plating may be used so that a
current path under the mask is not needed during plating. Other deposition

30 technigues may also be used. After forming the second barrier layer 132 and
the bumping material 135, the mask 131 can be stripped, for example, using a
dry and/or wet process chemistry.

As shown in Figure 7, portions of the conductive under bump

metallurgy layer 129 not covered by the bumping material 135 and/or the
11



15 layer of photoresist and/or polyner) may be formed on the conductive
under bunp netal lurgy |layer 129, and a hole 133 nmay be fornmed in the nmask
| ayer 131 to provide a plating tenplate exposing portions of the under
bunmp netallurgy |ayer 129 opposite the interconnection |ayer 119. Mre
parti cul arl wottenmask | ayer 131 may be a | ayer of phot oreEgustotohests has
been 20 sel ectively exposed and devel oped usi ng photolithographic
techniques to form the hole 133. second barrier layer 132 (such as a

| arger of ni ckeP§COMPArgRIRIEMIPZ GaRtRE feamoveds Nargaiaricalaglys pertipas efitheol der
gol d, and/or coawdcw@}anaé\%r@@mewue@ lay&l Yod @Jms‘éiré?ﬂomr&éuswn efcnt he
conductlve under netal lurgy |ayer 25" 129 exposed e hole 133. For
exanpl e, the seﬁmlngéﬂﬁﬁté?mpé%wel‘@ﬂdaﬁﬂ’e q%rbumﬁlrﬂgtaﬁwwas@lr@% may be
el ectropl at ed %Fe?er%ﬁﬁalﬁ&%ﬁ{re@ﬁg& to'?F‘?éﬁfls{ Hérglér :??)ére 2712,30 QMPQ i@ sl ating

el ectrode and a current "path u t he ative,
el ectrol ess Pl abaiigr iasgr w U@éd)r@f@ctﬂhétm%tai 1@M$fr’b3ﬁwlplm nenwvdwpmrhenm%k is

not needed. du“ﬂ%bmo% 'oglglg n%ﬂ%ﬁurg??@%?"l?gov\ltﬁwoaE?rﬁ]&emfoigé'%ﬁdgpgu so be used.

After formng t secon arrier I'ng material 135,
the mask 131 camebdlugdyrlpppetl? dfaoppraiihl)endwsimpbariediayey oititawtmpr ocess

hem As f th
cocal Tur oy | oy ol TR Ao 8 Re kB HERDE StV IR e 1
WO 2004/ 075265 REHUCH2006dD0BRIBmetAicyydaaraawhilcaneintdiding tanmatal iammyed.

More parti C,I:H ari/%3 portions of the conductive under bunp netallurgy |ayer
129 can be d using an etch chemstry that renpves the conductive

Ender bulrrp met aI2I urg%rh@l}’sedﬁfthé@irstgmra&;eeﬁ@,@rﬂa?mtN')\Id"ml':adiﬁ?lﬂ@gumpin@he first
arrier layer 127 the first arrjer |ayer 127 rot ect
t he metal Iayermf%’am&[{ g'!“? gﬁ%‘?ﬂ%ﬁarﬁ?ﬁ ?V‘Efn@zoﬁnd hETABEY RUFY SRR 1 ur gy
| ayer 129. W thuraiecz@nmmemuﬁyyd@yerbmmanrmé@béuérﬁ&svécamn %a%tcﬁﬁ copper

(Cu) and a first barri titani um, tung stenz ,  Ammoni um

127 of

Hydr oxi de may be&SRsH fﬁ? éeé%‘é‘t%ﬁ theIfyst ey dasend 27 Pepiglritiple WiiR deshest
netal | urgy 1zayehe kaSamhider 2081 Adcirdhfg, ﬂﬂ@@:r{f%ta%erhé&)é@ri??]nQa\zllgéaferﬁQ\féd ons of
the first barrier layer 127 not covered ¥

without significantly damaging the metal Iayer‘i 23, Wz 1 a first barrier layer

127 of titanium-tungsten (TIW) and a metal layer 123 of aluminum (Al),

portions of the firsl barrier layar 127 may bs removed using 2 mixturs

including:

20 Hyvdrogen peroxids - 10-20%,;
Sulfozaliovlic zcid ~ 2-30 gramsz/liter;
rofassivm sulfeis - 25-200 gramse/liter;
Benzoirizole - 1-10 grams/liter;
Water for maksup;
25 Temp: 30 to 70 degC; and
PH<Y.
The structure of Figure 7 can then be heated so that the bumping
material 135 forms a ball while the metal layer 123 (such as an aluminum
30 layer) is exposed as shown in Figure 8. With a tin based solder bumping
material, for example, the bumping material 135 may be fluxed, reflowed, and
cleaned to provide the ball of bumping material 135 of Figure 8. With a gold
bumping material, the bumping material 135 may be annealed. In an
alternative, portions of the under bump metallurgy layer 129 and the barrier

35 layer 127 can be removed after heating the bump material to form a ball. In

12



material 135, the second barrier layer 132, and/or remaining portions of
the wunder bunp netal lurgy |ayer 129 can then be renoved using an etch
chem stry that renoves the first barrier layer 127 preferentially with
respect to 15 the netal |ayer 123. Accordingly, the first barrier |ayer 127
may be renowedomittheut significantly damagi ng the netal pdayencdddsis Wth a
first barrier layer 127 of titaniumtungsten (TiW and a netal |ayer 123
of alum num (Al), portions of the first barrier |layer 127 may be renoved
usi ng a ni xt ur e 2NPHET FRTRYVE hararaige myerdXidgdnay he bppded tosy remsalitiey| i ¢
acid - 2-30 gr aaﬁtésltiaft@{}uithoﬁ%méén%mt;%%efﬂate - 2555-200 grans/liter;
Benzotrizole - 1-10 grans/liter; \Water for makeup; 25 Tenp: 30 to 70 degC
and pH<7. The strudthile aobshawryinridggrechmunmpdng '@@tm@hﬂéﬂ,qg@semd barger
bunmpi ng materia Dal | whi o | S an

al um num 30 | alag%f@?%?ﬁggeor@egﬁﬁg§ Oﬁﬁ%& %E%Eﬁg%@kéeg%%?%é nﬁ%ﬁm{)}%@ed

sol der bunpithg layar 629, &nd the rerexiaimg mortiomef tha ipit bgrmeatiayardi27188y bay be

fluxed, reflowe - . i | 4l i hg. material 135
of "Fr gure 8, w eredely BRI B8 mERE RS TRe sl T BRIy e
anneal ed. | n anroudhg epndidiveso that thednsnhg tledenid8b iboifget ietatHeur gy | ayer

129 and the barriteeg 35 Ckigr)(ﬁar e%? can be renoved after heating the bunmp
material to forMA BEECHT Y12 0 20041075205 PCT/ US2004/ 005818 anot her

al Ler nati ve, thhe b?mdmg?ciwy,_etlhbaiunip?;ﬁgl h‘mjer_twwbaﬂdﬂ@ﬁt&ea_t@wm@dé bl g
substrate out Jrst orm a a . 11 e ot s wn 1L n | gur e ,

ot g etk 1 oftoqit gl Bk Shatsl Bptrlind  apeiher s3etiate (s Sor ¢ i on
of the conductiiwegude cirbuPeribalilictbOieicd ay@or 4 BAnteantrclit8os@IYRNIE NY

portion of the first parrier |ayer 127 may be electrically coupled to the
i nt er connect i onthle'é?%tﬁﬁﬂ@f 48 GgRoseT ?@F@‘FBlﬁtﬁhSd“eﬁab@U?hgz%W@@t or so

that the bunpi nguABd ediitadroB&P dnd/@fdifeboddeRMich @ordifd ICUmSIB, IeAteliay er
119. 135 and/or after bonding the bumping material 135 to another substrate.
15 Third embodiments of the present invention are discussed below with
reference to Figures 8-12. As shown in Figure 9, an integrated circuit
substrate 327 may have a metal layer 323 and an interconnection layer 31%,
nd
interconnection layer 319, and the substrate 321. The metal layer 323 and

oy X )

pessivation laysr 328 may be providad on the meigl laver 323, the

W
w

20 tphe interconnedciion layer 219 mav be patierned from 2 =ame matal layer
(zuch 2z & sgm@ gluminum faysn). The infegratad clroif subszirsis 321 may
inciuds g semiconducior subsirale (such as a silicon, gallivm arsenide,
gallium nitride, and/or silicon carbide substrate) having electronic devices
(such as fransistors, diodes, resistors, capacitors, and/or inductors) formed

25 thereon. As used herein, the term substrate may be used to refer io a wafer
including a plurality of integrated circuit devices thereon or to an integrated
circuit die including a single integrated circuit device thereon. Typically, a
plurality of die can be cut from a single wafer after fabrication of a plurality of
integrated circuit devices on the single wafer. In other alternatives, the term

30 substrate may be used to refer to another layer of packaging substrate such
as a printed circuit board.

The metal layer 323, for example, may provide an input/output pad for
electronic devices of the substrate 321 to be used as an input/output pad for

subsequent wire bonding. In an alternative, the metal layer 323 may provide
13



Accordingly, the bunping material 135 can be used to provide 10 el ectrical
and/ or nmechani cal coupling to another substrate (such as another

integrated circuit sem conductor device and/or a printed circuit board)
while the netal layer 123 is exposed. Accordingly, the netal |ayer 123 may
be burned, wotyospralred, and/or wire bonded after form nectbeobumisiing
material 135 and/or after bonding the bunping material 135 to anot her

substrate. 15 Thitrd @godl ment s of the resent invention are di scussed
bel ow with ref &t & G2RPG HHEgeghancalyandhwith & lasepin ogidean i ntegrat ed

circuit substrabapRglddBRVphaysr @diRdat cir@my o§%$e asktde B fCAIRGL | ON

| ayer 319, and a passivation |ayer ML32, provi ded on the netal
| ayer 323, the aitﬁmﬁl&ﬁh%mq’f@r{am%ﬁ reqsgprom@an@d%@ﬁqtr&aépe@mg dhe net al

|ayer 325 and 2Qrkiify b GARIRRL bR, Y Giiorthine A RRAASLEANEL O™ 2
sanme netal |ayer ésuc as a same alum num | ayer e integrate H circuit
substrate 32% nelecirivel arkmechenicalonigirnsectaubistaughe Penpingasatarigitbiacon,
avi ng el cot rony &2 sl Eodias 8pHhD Ll BORRN HEGRET &)
capaci tors, andfevicerriudisorsspdfingreete2isinezieon Thasnelabidytred2d and thee ter m
substrate may b cludln a plurality of

i ntegrated ci rcmt%ﬁgﬁécggé?% eﬁggrﬁ%’\l\@?ﬁ ‘%Ci’m”cr 85\“&{0}% circuit die

i ncludi ng a singl e i fhepgasthedionilapuiz2sdeay meku’db%meﬁdﬁrgafﬁbcphat@hhb/(suaw as

pIuraIityo di e,.can be cut asmnle er after brication of a

Dl uraiity of® ) SHETLPEAE iAo R il Soiferito SongpanafeCldhor her

al ternatives, tbeiymeder)l 3 smdm m@u@ imalye b@smﬂntl@;errefzerméyoemerpﬁfmdreyer

of packagi ng sub %r et f‘ 0%233 r| nt ed ircuit boa} The netal |ayer
323, for exanpl & Mt PR BT %?V‘%B BN BE PEriONdP¥R 315 Moevi ces
of the substrat parﬁa:uatlp the pussivhirs la rlm%é)@%%i%e@p&/efr%e n@@m%ﬂeag wre
bonding. In an aqug rnative, the netal |ayer 323 nmay I‘OVI de

2004/ 075265 PCT#1 ﬂ%@fﬁ“%'aﬁ/a%@% r@&fﬂ *E%zhp%oaep thectnssivetien {pvahd/ or

with a |asefsto3zs pwivde s@é&méwg#@@@@tméiﬁ&e%rﬂ‘&fitmﬁ@Fne%lﬁé‘g&értswawa the
substrate 321. | n another _alteérnative, the netal |ayer %/TEWOVI
a

pad for el ectri®&INBrEHNRGHIVE VeI +Ehi By proesﬁilrtgn@%a@@spwapé hezme
i nterconnecti On"ffiﬁé(r%rex%%ge@mf%e PEANI lgﬁer%&l 9@%!5%}%13{\91pFE%%BaE‘utCQIHd/or
i nt erconnection through unpi ng terial
uzed g8 2 \Nlre bendmﬁ poo
As shown in Figure 10, a first barrier layer 327 (such as a layer of Tiw,
20 TiN, and/or combinations thersof) may be formad on the passivation laver

24, oning xpossd poriions of the matel layer 323, and on the expozad

(n

porions of the inierconnsction laver 212, for example, using sputtaring,
evaporation, and/or chemical vapor deposition (CVD). The exposed surface
of the first barrier layer 327 may be subjected to cleaning using wet and/or dry

26 cleaning operations before a subsequent step of farming under bump
metallurgy layer 329. The first barrier layer 327 may be selected to provide
adhesion between the under bump metallurgy layer 328 and the passivation
layer 325; fo provide adhesion between the under bump metallurgy layer 329
and the interconnection layer 319; {o provide electrical conduction of signals

30  between under bump metaliurgy layer 329 and the substrate 321; and/or to
provide an etch selectivity with respect to the metal layer 323. Accordingly,
the first barrier layer 327 may be removed from the metal layer 323 without
significantly damaging the metat layer 323.

14



next |evel substrate (such as a printed circuit board or an integrated
circuit device) as discussed in greater detail below The netal |ayer 323
and the interconnection |ayer 319 may both include al um num The
passivation |ayer 325 may include an inorganic material (such as 10
silicon di owdesantbear silicon nitride) and/or an organimmeteriedsisy such as
polyimde). As shown, holes in the passivation |ayer 325 may expose
portions of the netf%%}a er 323 ang{ ortions of the interconnection |ayer

319. More particul CORG St HadeRUTIhMeRurayIaredRP HaY tRanRafOsvER t he

metal |ayer 3230nwlbérlﬂ@r Fa éﬁ3@P8;§§ﬁ§s‘itb@lﬁb S@ehata3ddt, dflelhaal RpEtdans of
t he paSS|vat|on | ayer may be selectively removed to expose portions

of the netal | a§ed 032@ @chormﬂ@tlpﬁﬂ%freééﬁ%e&’tqr%ﬁamy@rlysmg cosgbucawa\wmdiahg
that portions op,hhendmEidhy 'Iagllé?fm&) lﬁélﬁde%&?p?e?qgoi]hﬁ ARt !a%)sé ﬁg@ﬁ/

subsequent |y probed, cut, d as wTe di ng pad.

Figure 10, 2 fi3%d mearhe f@rmecéyéﬁh@mde(rénmv @@taehiurgweyerda‘zswmoS]t@meTv

and/ or conbi nat :ﬁ%ﬁ‘r | t he
exposed porti onéo tF}%%ﬁ@?%mﬁ%@g?&%&i@%@%ﬁ@meﬁrlﬁgp@)ﬁ(?eg\ée C(P]:;)hosr 1On O the
i nt er connect i ontcldyiehn a3LOséqreralydonpics] bursp nptefaitibes nogwet drgoelidw.on,

and/ or chem cal vap i D he eXPo ed surface of the first
barrier layer 327 m@”ﬁ%@%{) ggqééﬂ QSC?Z%YW %@PW&?#@Pg@HH?%WEQWa&S

cl eani ng oper atiwfwmledfcmﬁhea:osdbﬁmqumdér stirep nﬁrftaiﬂwgyrlaﬂ@r 829l eanduhpie
rretallurgy %33 geflrst barrier | ar 327 .ma .sglec dto

provi de eS| T DEY RER PR tﬁaé?asgﬁﬁ%e%tat?lpu‘?\{j?/e %zﬂéwg sGP t he

pass: ?/atl onI I a@é@@;@@ﬁaom@wquhe dadadnesp metdamrg\oerapeitm umd:ﬁ:rtelﬂwpd

nmetal lurgy | ayer a nnecti on_| ayer I OVi

el ectri cal condﬂ@{?weﬁPo%faéfﬁé%éSE Ela\ﬁgifﬁ’%ﬁagrm%%ameéloi)ﬁ?%t?rqsé?er 329
and the substr ahat ﬁ@slbeeaﬂ&él@étwb@; e@ro@&di aad a@v@bsé'u §§lh§%b’§5ilt%g¥ﬂ h: respect
to the netal |ayer .323. gccor barrier |ayer may be

removed from t HECHEEYSES o wfﬁ%bgkﬁn%ﬁo&ﬁer&fwg r@d?ﬂﬁmaa‘ﬁ%’&?'ﬁg‘)ftth% et al
| ayer 323. {A \@@@A&Q%%ﬁée?@%&%@%}é%w& m’éb%eqemwé@ltcv f&@eer burp

metal lurgy | ayer 329 maﬁt en formed on the barrier |ayer opposite
the substrate 3323‘11'0%%0%1 %UHQ?@PL”PQ\?‘@B'M% laygidZ%®n t he i nterconnection

llayer 319. More par WA kyz 1188y IS MRAUSLE MG UBE L oy have an elongate
porifon and 2 refefively wide porilon when viswsd perpendicular from the
substrate 321 (i.e. when viewed from above the substrate 321 in the
20 orientation illustrated in figure 10). More perticularly, the relatively wids
poriicn of the hols 237 may be offzai from the inizrconnasciion layer &%, and
the elongats portion of the hole 333 may exiznd from the relatively wids
portion of the hele to adjacent the interconnection layer 312. For example,
the hole 333 may have a keyhole shape with the relatively wide (i.e. circular)
25 portion of the keyhole shape offset from the interconnection layer 312, and
with the elongate portion of the keyhole shape extending adjacent the
interconnection layer 319.
A second barrier layer 332 (such as a layer of nickel) and a bumping
material 335 (such as a tin based solder, gold, and/or copper) may then be
30  selectively formed on portions of the conductive under bump metallurgy layer
329 exposed by the hole 333. For example, the second barrier layer 332 and
the bumping material 335 may be electroplated with the under bump
metaliurgy layer 329 providing a plating electrode and a current path under

the mask 331. In an alternative, electroless plating may be used so that a
15



bunmp netal lurgy | ayer 329 may include copper (Cu). In addition, a daml ayer
5 330 may be fornmed on the under bunp netal lurgy | ayer 329 opposite the
substrate. The dam | ayer 330 nmay be fornmed of a material such as chrom um
to which a subsequently formed bunp material does not wet during reflow A
mask | ayer 38a:z2{uachesas a | ayer of photoresi st and/ or pokgrmes2poiroassis be
formed on the conductive under bunp netallurgy |ayer 329, and a hole 10
333 may be forned in the mask layer 331 to provide a plating tenp]ate

exposi ng por t i oty TR p@ﬁbtff@ﬁﬁﬂé’f*em&b1wta1@edfe@3¢urlagélatlegg%tmfdéappéitlpne _
I nterconnecti O”telcﬁ%ﬁﬁe§ﬂf%y ald¥h §é§nd§%&rfoﬁ§!%g sB&rRY aﬁ‘M@Fla% esi st

that has been sel ectively expose evel oped usi ng photolithographic
t echni ques to ft@erhwmmngmmaéerm§35ﬁtheémask&%m henstrinpe@ feBsxanmet ysdrgsa of

the 15 dam | ayeg '},’3"‘%9/&)@%&”%’?&&3% HﬁxhstN‘GAJEB 3@39%%‘%&& B%gg)’@ﬂelt?s Xbpee

portions of the dnder metal T urgy’l ayer roug
mask | ayer 381 awdthiecdwuenpEing slabertp 885 npmﬁma\@rerﬁmea w:@ha:taﬂmisysmcd@ apartt i on

when vi ewed per L cul 0t h Str i wed from
above the substf‘g’ﬂghég‘i&%ﬁ'ﬁ'ﬁ%g’béé%ﬁ?’gg@é?%@f’ﬁ‘%ﬁ%ﬂé#’? §8§g?nnftb§ure 10).
N]P][e {)a][ti cu![ ﬁrdaryartgtabewidmlmitﬁimﬁl %d/\ﬁhdenteér@mhﬁctmr?éyéﬁ?momefrﬂﬂm n’n:catyt Ee o
of fset from int erconnec an e elongate portion o e hole
333 may extend fgiﬂrﬁ{'lhgh‘? g\agk%\ggmgw%lée ?)c?rdtl on of the hole to adjacent

L hehl Int er ﬁonnect ion /-Lsaadﬁmilr&hgrfgdﬁ@f’lEmmplngmehiﬁﬂﬁﬁ‘g? ﬁaysub;@\tt%d?to
eyhol e shape with the rel at Sl eyl ar ion o

covhol o shalle o el Shesidthe e eRtes Mumdlm cOnbso g e SHAoRE

el ongate porti mdm‘ aﬁdwémhga(tbqioenmaeﬁeh@tsumamgnﬁa%aswnntbm| pressures

i nterconnection |ayer 319. A second barrier layer 332 (such as a | %/er of

ni ckel ) and a BURPFRY PWEPEGi BaAtey8ETE te elegoateRartionodle solanerd W

and/ or copper) pfmoﬂ hﬁébé?@m @Oawb%w a3 go.faehm@b%apﬁanﬁa.9@$tr@eabﬂf@ate
conductive under bunp netal expose th ol e 33 For
exanmpl e, the sdHVRD whHS aé@lat%ﬁ%é?h@g@oraﬁ@335%@%’%71ﬁ@th@a%aﬁgaﬂ vdd® nay be

el ectropl ated Vﬁdﬂfbﬁ hRokRder, tl*%’é'HHm Eaféraelslo%gyyc&qf%%thé%%n&ﬂ:%’hﬁ%é}ﬁal azpl ating

el ectrode and current ath under he nms In an alternative,
el ectrol ess pl dmﬁm@rﬁfﬁw%@ﬂﬂd&e@WMIOﬂm@ rertig s\ Peoafior5265

PCT/ US2004/ 005818  portinns of the conductive under bump metallurgy layer 328 nat
coverad by the bumping material 335 (including ralatively thick and thin
portions 335%a-b) and/or the second barrier layer 332 can be removed. More

20 pearlicularly, portions of the conductive under bump matallurgy layer 328 can
be renovad using en sich chamisiry thzd removas ihe conduciive undar bump
rozfallurgy laver 328 vreferantially with rezpact 1o the first barrier layar 327
Accordingly, the first barrier layer 327 may protect the metal layer 323 while
removing portions of the under bump metallurgy layer 329. With a conductive

25  under bump metaliurgy layer 328 of copper (Cu) and a first barrier layer 327
of titanium-tungsten (TiW), Ammonium Hydroxide may be used to selectively
remove the conductive under bump metallurgy layer 329 while maintaining the
metal layer 323.

Portions of the first barrier layer 327 not covered by the bumping

30  material 335, the second barrier [ayer 332, and/or remaining portions of the
under bump metallurgy layer 329 can then be removed using an etch
chemistry that removes the first barrier layer 327 preferentially with respect to
the metal tayer 323. Accordingly, the first barrier layer 327 may be removed

without significantly damaging the metal layer 323. With a first barrier layer
16



current path under-the mask is not needed during plating. O her deposition
techni ques nay al so be used. After form ng the second barrier |ayer 332 and
t he bunping material 335, the nask 331 can be stripped, for exanple, using
a dry and/or wet process chem stry. Accordingly, the second barrier |ayer
332 5 and t heobunpisag nmaterial 335 may have enl arged w dtdvr/paaiioarsss spaced
apart fromthe interconnection |ayer 319 and el ongate portions between the

enlarged width portions and the interconnection |ayer 319. As shown in
Figure 11, the #A5Rf ¥sniufaElinBaiendhiVeand ASadreri 3#@%%@ (Ahe bunpi ng

material 335 ”%or*ﬂ@néls!ﬂh@fﬁrﬁ%afrﬁér I%}%r%ﬁ%é\?%%ﬁ&gé Q‘Hﬁx differences
in radius of curvature over the en ed wdth an ate port| ons of
t he bunpi ng mat @ciugingsas, |nternal\ pressures may drlve bunpi ng materi al
fromthe elongate portio ?O%L‘F%gje%k%g% é/ﬂo/dl h portion. Accordingly, a

lid

relatively thin portion ”ﬁ%rongate portion while a
relatively thick portion %(?d.'gra Iﬁié ed width 15 portion.
t

Mor eover, the dam | ayer |ng 'material 335 to the
enl arged wi dth and el ong ?I(é H@&Fanﬂahtteéflow Portions of the
conductive under bunp ne é}/ Q%V 29 not covered by the bunping

i ?Q:(:Z thin portions 335a-b) and/or

mat eri al 335 (including rgg?

t he second barri er Iayer can be removed. More 20 particularly, portions
of the conductive under, IIu | ayer can _be re ved usi ng an
etch chenistry that q%j‘:éﬁhﬂ g{bqunH@uﬁ % Gl &S%%ﬁ?ﬁ foreﬁ@fng | ayer
329 preferenti apaignibhs, B%ﬂ?gtu@ﬂahﬁwmd $1348e309, @hdloRYES. isa?tént No

Accordi ngly, theaéﬁsrst barri er | ayer_ 327 may rotect the netal |ayer 323

while renovingd @%nérh%id‘stcﬁ’é”[ﬁﬁ)@re%hr%ﬂ?@ﬁaﬂﬁtfﬂ?"@ﬁﬂ B?@PY:B'E@’"F’WW a

conducti ve 1525 purdgrin e RER by Lf@@yerl,@éyer 329 of copper (Cu) and a f| rst
barrier |ayer 327 of titani umtungsten (Ti W, Amoni um Hydr oxi de_may

used to sel ectively [nPBRgEAlMS RBHRNCENTIe UDAdRYUBR MeIABIEY layegd2T 39‘& 329
whi | e mai nt ai nig fl?sﬂ%arﬁ@?tlﬂer Iséy%t é&?ere&’gptm@@éco% dhged ibyStaRatldier | ayer

327 not covered b materi a , the second barrier |ayer

332, and/or rerfﬁf’i%uﬁwrm)mnf "‘%ﬁ of higurayhtgeydgnpmevedbefargy=llowies 829 can

then be renove G (s ier
| ayer 327 pref g}%ﬁélﬁglnﬁqeﬁl “ﬁ“’r %E’g@&?@y “wﬁg i igwm%aégfb%fgﬁﬂ%{%g@dl ngly,

the first B&rrifew fpfady@rbug@‘ﬂ ey il PeRoeede confined by using a passivation
fayer 325 to which the bumping material does not wel. Afier removing

portions of under bump metallurgy layer 329 and first barrier layer 327, the

burnping maisrial may be subjectad 1o reflow so that & relatively thin laysr

3350 iz provided on elongatz porfions and & raletivaly thick levar 338z i
28 providsd on enlarged width portions ag shown in Figurs 12,

With a tin based solder bumping material, for example, the bumping
material 335 may be fluxed, reflowed, and cleaned fo provide the bali of
bumping material 335 of Figure 12. With a gold bumping material, the
bumping material 335 may be annealed.

30 As shown in Figure 12, a ball of the bumping material 335 may be
formed, and the ball (relatively thick portion 335b) of the bumping material
335 may be electrically connected to the inferconnection layer 319 through a
redistribution routing conductor comprising remaining efongate portions of the
first barrier layer 327, the under bump metallurgy tayer 329, and/or the

35  relatively thin portion 335b of the bumping material 335. Moreover, the metal

17



wi t hout significantly damaging the netal |ayer 323. Wth a first barrier
| ayer 16 WD 2004/ 075265 PCT/ US2004/ 005815 327 of titaniumtungsten (TiW
and a netal |ayer 323 of alum num (Al), portions of the first barrier
| ayer 327 may be renoved using a mixture including: Hydrogen peroxide -
10-20% 5 Suvbasaliayd ic acid - 2-30 grans/liter; Potassiumszsulohasie -
25-200 grans/liter; Benzotrizole - 1-10 grans/liter; Water for nmakeup;
Tenp: 30 to 70 degC, and 10 pH<7. Redistribution routing conductors are
di scussed, for leyand2®(such aga8. alurpiuamiayen mady, Boexiored ag sBowpde Efguralo.
6, 329, 608, and/ U S. Patent No. 6,389,691. The disclosures of each of
these patents aré€ hereby incorporated 15 herein in their entirety by
reference. In an al tAcovadinglg, thpdumpamsmetertah 838 cde be isag tapteaddeur gy | ayer

327 and the first, barri | ayer. ne:; vered er

| ayer 332 and/ ofr'e ?ﬁ%%ﬁﬁ%rﬂﬁ % %??%lqu@gggggo%%gg%&%% %@89%% E}rﬁg%é&ed

before re-flHw ingdrated d&unibseélglcmmmadiev&%and%mpdhmgchrcuit beardawhilé ayer

SRR 5 M e e T N R Sk o R

wet. After rendyifgd, A Hopas, amfd/d:rwdwbdqm eff%&@drh‘lghﬁ@bheh%@m@%%t@@ first
rial may be su

barrier |ayer 327 the hunp ected to r ow so that
a relatively thstp PRY/8 afﬁ*’c’i&ﬂ”&'g‘&nﬁﬁgép’tﬁ’ﬁ'@a‘ﬁ‘éteﬁ@ ??’th% r&ﬁ*ﬁ?ras"ﬁbéﬁa "vel y
thick layer 335a is F(ﬁﬁthﬂirﬁ%cﬂ@rén@,%f%& preed: W ahtbnnat dinss@sbsIB@WAtH N
Figure i2. Wth a tin based sol der bunping nmaterial, for exanple, the

bunpi ng  netler i '”é’lfe"QBB‘v’ trelyiowest13alde dAs BRPVBRGEIOUENHS, cﬂ“éﬁ’f?@éat?% CH?‘dﬂ/l de the
bal | of bunpi %%Fém m%%a% ft@tQHH%eégnd We&ah E@ye&oh%abld%'d%gﬂﬁ%ﬁt erial,

the bunping material 335 may be anneal ed hown in gure 12, a baII
of the bunpi ng pRasdEtian 1@354@@% befRrpMigad oarthemeéalti@yqrs (i?-éa-&t AORIE t hi ck

portion 335b) of Jh&tPaWPi AL ARIAFTA\Rls 423a-b may be patterned from a same metal
layer (such as a same aluminum layer). The integrated circuit substrate 421

15 may include a semiconductor substrate (such as a silicon, gallium arsenide,
galliumn nitride, and/or silicon carbide substrate) having electronic devices
(such as transistors, diodes, resistors, capacitors, and/or inductors) formed
therson. As used hersin, the ferm substrade may be used to refer o & weler
including a plurality of integrated circuit devices thereon or to an integrated

20 circuit diz including = single integrated circuit device therson. Typically, 2
plurality of die can ba oot from a zingle wefer afier fzbrication of 2 plurelify of
integratzd circuii devices on the single wafsr, In other alismatives, tha ierm
substrate may be used fo refer to another layer of packaging substrate such
as a printed circuit board.

25 The metal layer 423a, for example, may provide an input/output pad for
electronic devices of the substrate 421 to be used as an inpul/output pad for
subseguent wire bonding. In an alternative, the metal layer 423 may provide
a fuse that can be cut mechanically and/or with a laser to provide
coupling/decoupling of redundant circuitry on the substrate 421. In another

30 alternative, the metal layer 423 may provide a pad for electrical probing of
circuitry on the substrate 421. The metal layer 423b may provide an
input/output pad for electronic devices of the substrate 421. The metal layers

423a-b may both include aluminum.

18



335 may be electrically connected to the interconnection |ayer 319 through
a redistribution routing conductor conprising renmaining elongate portions
of the first barrier layer 327, the under bunp netallurgy |ayer 329,
and/or the 35 relatively thin portion 335b of the bunping material 335.

Mor eover, theomatabs2esl7 WO 2004/ 075265 PCT/ US2004/ 005818pct/asree4/0823s (such
as an alum num |l ayer) nmay be exposed as shown in Figure 12. Accordingly,
t he bunping material 335 can be used to provide electrical and/or

mechani cal coupl i ng the @sbparsivagiobétyeatiéss swutindsdannitieganie mateidr at ed

t i
CTTCUT s Conl o 8 o 0P o AN £t by BoASE) A
bur ned, cut, pr@medlymadeﬂl oks gliaven, Hjlol@@enl thaf finst péswivating ldyee 4BGapiayexmater i al

335 andl or af t ek hONdLACLHS DI ol efienl L S32.100, FOKNPSHhstRate.

Fourth enbodi nents o é prese ion
reference td Fi lgyere&%néylbe#«sms&dowentme frietpll@/etS423nb) mCémeat]mdti@srmcw t
and a firs

substrate 421 n%¥fh%ve fi rfst Fmd ond ﬁE Lem%/ers 423a- f

passi vation | ayeP HPSESREGIYE EKr AR UAB R SHEHET U T e&‘ﬁ’@ﬁeﬂo b?ﬁa t he
substrate 421. dithe madtalllayayarsab2 Iy Provaind®appbitiennetthtmegaplagane23zet al

| ayer (such as a sameé%é‘gm num | a The i ntegrated, ci rgwt substrate 421

15 may include H°SERP e el %%gl?éne(yst?ﬁ:ﬁ“ ayerty preBRd. i AR

arseni de, gal ligsm & & Wirdeonamd/pid. si | i con carbide substrate) having
el ectronic ii{aw ces (such as transistors, diodes, resistors, capacitors,
and/ or i ndd& ors) f&%?fc?m@%%]ayﬁé“ﬁ%&iﬁyﬁl@?’épﬁ forpiesl grethe st r at e may

be used to ref gfaskRaBoRiysr 4255‘5:‘1&1%?%%@'&&@ ééabnefmétersagé@ztm QMBFéU't
devi ces thereon or to an’integrated circuit die including a single

integrated cir RAHCuRM, e nispemecliay veartl§ may exgpnst pmexreredipetieeh be
out from singl &;gfhd gécgrﬂhﬁbf’a@%kgpdﬁb ) ;ﬁiovla@'éiéafm%fx cohrﬂ:lc%% hifpd circuit:

devi ces on the single wafer ternatives, the term substrate may
be used to ref &ubspausidiyHeimedienpios np@t@r«alghﬁfgsﬁf@%ttfrm@w%m@tﬁ! layera printed

::Ing)ﬁ'tj; E)u'?gu'[ dpa%%#{(l)-r A;fﬁ%@ég IrEJ VSEJZ v?%ggft ef: ' %25@{5 st rat 32? '?% @2 used as
an i nput/ out putqua@“ﬁblmlﬂ@nbsequent wire bonding. In an alternative, the
metal |ayer 423 may hp'é&\,fii‘.igr?, a second passivation layer 428k may be formed on the
interconnaction lzyar 419, on the first passivation layer 425z, and on expozsad
portions of the first metal layer 423a. Holes may then be formed in the
20 =zecond passivation layer 428k to expose portions of the inferconnection layar
1% and ihs firsl matzl layver 4232, The sscond passivedion layer 428 may
include an inorgenic materiad (such as silicon diexdds and/or zilicon nitrids)
and/or an organic material {(such as polyimide). The interconnection layer 419
may provide electrical and mechanical interconnection through a bumping
25  material to a next level substrate (such as a printed circuit board or an
integrated circuit device) as discussed in grealer detail below.
A first barrier layer 427 (such as a layer of TiW, TiN, and/or
combinations thereof) may be formed on the second passivation layer 425b,
and on exposed portions of the interconnection layer 419, the first passivation
30 layer 425a, and the first metal layer 423a, for example, using sputtering,
evaporation, and/or chemical vapor deposition (CVD). The exposed surface
of the first barrier layer 427 may be subjected to cleaning using wet and/or dry
cleaning operations before a subsequent step of forming under bump

metallurgy layer 429. The first barrier layer 427 may be selected to provide
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a fuse that can be cut nechanically and/or with a |laser to provide

coupl i ng/ decoupling of redundant circuitry on the substrate 421. In another
30 alternative, the nmetal |ayer 423 nay provide a pad for electrical
probing of circuitry on the substrate 421. The nmetal |ayer 423b may

provi de an woputi/veutput pad for el ectronic devices of thersshetmwatie 421.
The netal |ayers 423a-b may both include al um num 18 WO 2004/ 075265

PCT/ US2004/ 005818 The first passivation |ayer 425a may include an inorganic
mat eri al  ( suchadkesion betviecditox Loderdrnpmediliurgoiayen 429 aied thembissivatien
organic materi-a u I M ; , | ISt

passi vation | ayL?ry Q%Z%San%@ "2’%%5"3@9g%?{@?n@%gwt%%ﬁ%m@@%@ {stE23a- b.
More parti cul ar mgtaliuhgy iByersd2Parss theanicosonbebigrelaydi246HD; nmprdyvelef dectedalover

the netal |ayerg_ 423a- nd_th orti f fir passi.vation | ayer
42a may be vl SRUEPS oF SHBa el Rl Byl mbRBuldy Ber SRR O o
423a-b. By p$oveaigugtd A21; gmirdrtomsoide bheiamededdctivity @ith 483 ct frteedixqtosed,

the nmetal |ayer 4 may,.he subsequent|y.probed, cut nd/ or. __used as a

W re bondi ng. paBicra BYRAARAR o ACOTIALER 0P 18L R R 6 kg2 TR HrefEFiea on ¢ he
first passivatfrom thayiest miadapathaza Witiout sinsifieantyhearseging thamietl [dyayer
423b. More partjcularly, the interconnection |ayer 419 nmay extend from

exposed porti on823%f the second netal | ayer 423b to provide electrical

connection with subggegesitiuciivéd OREEDUPMTRICRIIURRL 18)é 5429 Ral theén 8 fos@ldf rom

the netal |ayer 15 423h. The netal |ayers 423a-b and the interconnection
| ayer 419 bet e haipeugsedmprrasite the aRptEtoA21.4he 6 metpld3niA£sron

l'ayer 425b may he fRrinRtMhebiieh 1dyBE 815 OMBRESAABuLAY./he 438du@Re Rgef | T St
passi vation | ayer 425a, and on exgosed portions of the first netal |ayer -

423a. Hol es mayPHMemaielluray invar A9 may indudecerrpribysi fapednayendi @egh to
4235, The second pabET oL e e O L B er a1
(such as silicownadiroxindematadiey ayén4idnand erficge)33 mﬂ/bﬂfoaﬁegérg@ﬁirﬁaslf
clectrcal hhd Lgharblbfle st kRaRRRbboRR poRE of 0o yIRXBRBY I o
a next |evel sumbstallagy lésrrcteladfsat fointhedhieicoooddeticndays 4. dviore
patticularly, ihe mask layer 431 may be a layer of photoresist that has been
seleciively sxposed and developed using photolithographic techniques to form
the hole 433,
20 A second barrier laver 437 (such s a layer of nickel) 2nd & bumping
o, aold, end/or coppar) may than ba
selsctivaly formesd on porions of the conductive undsr burnp maiallurgy layar
429 exposed by the hole 433, For example, the second barrier layer 432 and
the bumping material 435 may be electroplated with the under bump
25 metallurgy layer 42% providing a plating electrode and a current path under
the mask 431. In an alternétive, electroless plating may be used so that a
current path under the mask is not needed during plating. Other deposition
techniques may also be used.
Aiter forming the second barrier layer 432 and the bumping material
30 435, the mask 431 can be stripped, for example, using a dry and/or wet
process chemistry. As shown in Figure 14, portions of the conductive under
bump metallurgy layer 428 not covered by the bumping material 435 and/or
the second barrier layer 432 can be removed. More particularly, portions of

the conductive under bump metallurgy layer 429 can be removed using an
20



integrated circuit device) as discussed in greater detail below A first
barrier layer 427 (such as a layer of TiW Ti N, and/or conbinations
thereof) may be forned on the second passivation |ayer 425b, and on
exposed portions of the interconnection |ayer 419, the first passivation 30
| ayer 425a, wadsoithe243 rst netal |ayer 423a, for exanpl e, raigusign48pid eri ng,
evaporation, and/or chem cal vapor deposition (CVD). The exposed surface

of the first barrier |ayer 427 may be su Aé{?cted to cl eani ng using
and/or dry cl eﬁ?ﬁ‘f‘ﬁi&eﬁb’%‘fyath%’f%”%ﬁéli‘%c% Hée e bune pregd 'UfgyrlﬁfoPfg“%der

bunp netal | ur gyg ANBRtiAR With RR Ebtr@tthebﬁrrsf b&tick BYEF 4ﬁ7AH@éfdiﬂgir¥5ﬁﬂe€fﬁét9d to
provide 19 WD 2004/ 075265 PCT/ US2004/ 005818 adhesi on betwe t he under

bunp net al | urgyb@fé'?ékaywéz%ﬁ@ytm@eﬁh@ﬁf*&ﬁtm%iﬁ' |aV%fy‘é?r3§ whigaregyingr 425b; to
rovi de adhe op t e
provi Si @grﬂfsg% d?ﬂeve% @é&gmfrggra §9W| Wgén&?c?v?ﬂﬂ?%rﬁal .

interconnection rOVI conducti on
bet ween unde? bblm)p meatallurgy Wer 498 pf meah@u)tw & figal betricataye4 327 ohnd/ or to

titakiiu ide . 0 !
hccor dingl y. ¢ niFiFERngsler WP A8 HiubRRelhETbe o8} Rse BEEN o
metal |ayer 423aenmvkehbatcosdtg;mvfalwaiat bgrmdarmatgilmgytdyernﬁﬁajhlléamamtazn-ﬂtme The
conducti ve undef, P net ah%grgy | ayer 429 may then be formed 10 on the
barrier layer 4 ? 'S%B%Hyteé 2 substrate 421, the first netal | ayer 423a,

and t he i nt er connectpatiohaykheditd.baiyreayeadliz ciok aolated biyehe bosipdigi ve under

bu netall 4 | ude co mask | ayer such
e o ar e RLedE g baer B A2, St smal P e L v
under bunp net alihdér gyiniayetalidaf, la?érdmza &0l tRed B3 r@mv@@uémgmcétmm t he mask
15 layer 431 to rOV|d a platin | at e expo ortjons of the nder
bump rmetal l urg %?é BPYSE efﬂ’%} A HE f%‘%ﬁ"é& alecent ﬁVW&Dé?SP@féo Nbr e

particularly, tt'ﬁ@ W@e%tb%%r 435 RyoR8n gy tﬁ%@ﬁst@arrﬁlﬂ%ﬁ;%ﬁﬁayf bat has

been selectively exposed and devel oped using photolithog raghlc t echni ques
to form the hoﬂeé”'oillﬁg W‘ti@”hs'gﬁ@é%'ﬁ&’ ﬁ*g“éfﬁhea gt mated Iqven dB3asV\ah et of

ni ckel ) andym brbméﬂgyerr@?eéﬂ 1%?‘;16@’15tu§&5t5n "ﬁg;\/‘@) éﬂona Bas ﬁ%té}%}%r«:&mg%‘f d,

and/ or copper) may t hen sel ectively forned ortions of
conducti ve undeHUEAH Hﬁ{ aqqrﬁpr@yaﬂt!a@,‘étﬁl barrier lavel 42; may be removed usmg a

mixture including:

Hydrogen peroxide - 10-20%;
Sulfosalicylic acid - 2-30 grams/liter;
20 Potassium sulfate - 25-200 grams/liter;
Banzofrizols - 1-10 grams/litar;
Wedsr for makeup;
Temp: 3040 70 dagC; zind
pH=<7,
25
The structure of Figure 14 can then be heated so that the bumping

material 435 forms a ball while the first metal layer 4223a (such as an
aluminum layer) is exposed. With a tin based solder bumping material, for
example, the bumping material 435 may be fluxed, reflowed, and cleaned to
30 provide the ball of bumping material 435. With a gold bumping material, the
bumping material 435 may be annealed. In an alternative, the bumping
material 435 may be bonded to a compatible substrate without first forming a
ball.
Accordingly, the bumping material 435 can be used to provide
35 electrical and/or mechanical coupling to another substrate {(such as another

integrated circuit semiconductor device and/or a printed circuit board) while
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429 exposed by the hole 433. For exanple, the second barrier |ayer 432 and

the bunping material 435 may be electroplated wth the under bunp 25

metal lurgy | ayer 429 providing a plating electrode and a current path under
the mask 431. In an alternative, electroless plating may be used so that a

current pathwandein7’2éfe mask i s not needed during plati ngeC$res/desposi ti on

techni ques nay al so be used. After form ng the second barrier |ayer 432 .and

the bunping material 30 435, the nmask 431 can be stripped, for exanple,
using a dry andm‘?rf'rﬁb'f‘etabﬁy%@%?’%I‘?é‘»?ﬁ%ﬁ‘?‘i‘/ AgeordiRglintherfirsl ateblayvar 4% t i ons

of the conducti )v‘r%xmme@m pTBLAY | A Wl@@fﬂd@@%ﬁ%@?orﬁﬁw&ﬁ%qo&&plﬁ@e

bunpi ng material 435 and/or the second barri er | ayer 432 ‘can be renoved.

More parti cul ar MpterjgbAd$ and/oppiter hendiththedtiuniing Meder A dep terapalhelr gy | ayer
429 can be renoygeiusd ng an 20 WO 2004/ 075265 PCT/ US2004/ 005518 etch

chem stry that renoves the conductive under bunp netallurgy |ayer 429
preferential$y wth FigggedS-1bilupkaitiassemblies ¢fdnteegied cant dendessr di ngl vy,

the first ba”h@éor!nﬁéj ?c%fu%é it &érﬁ&‘of{h@f‘]a Iaéérﬁ’imfé%rt gégﬁéﬁtﬁéﬁ%?é%i whi | e

r enovi ng portions o
conductive undemrcﬁutlﬂwmeméﬂ-"@draH@whwmfudé%smstrem)w afCa)paasidatéorf i r st

daed to sel ect i Baro26 L HAHORThERe w2 el URTRE MR R BT o By e a0
whi | e nai nt ai ni pm;bhefafresp&tctnvmhﬁtalliwlﬁzazwh doart blunsingh mm fThiest
e |8 SR A B i e B Ty
| ayer 429 can tﬁmmoh%trruetme@dsﬂsrrnl nﬁ@gz@téﬂblro@h@@u&br@f Fidat 16en@yv@sst he

first barrier er 4 referenti a respect to the first netal
Lver a3an ool BabR RERG T e badimenls yriGE Prrent st o SRpuagd

wi t hout si gni fi gisgviel witrd@epettne Fﬁ@ﬁeél’lfiﬁt\:\nﬂlmte%edt%’? lguf3e-g, With Resbelt fcst 15
barrier layer 427 of titani umtungsten fglrst net al | ayer 423a
of al um num (A’f’?“reﬁoqrﬂ¥&}ﬁ§j/9ffw’frh@sp??f§? FW% 3,-? I4ayer 427 may be renpved

using a mqdure i NGl Ngporttiears sBemxELenple 1%a¢ MhudS kil saliepy! | C
acid - 2-30 grans/liter;

faver (such as a laver of TIW, TiM, and/or combinations thereof), an under
bump metaliurgy laver (such as a layer of copper) o the first barrier layer,
znd & layar of & zecond barrier layar (such ag a laver of nicksl). Each bump
635, for example, may be a tin based solder bump, a gold bump, and/or a

20 copper bump, Morzover, one or more of the burnops 835, for exambple, may be
o £ support structure 251 cdpoziie an input/ouiput pad of the subsirets 521
ag dizcussed above with respect io Figures 5-8, In an alizrnative, ong or
more of the bumps 635, for example, may be electrically connected to and
offset from a respeciive input/cutput pad of the substraie €21 as discussed

25 above with respect to Figures 9-12 and with respect to Figures 13-14. In
addition, each of the metal layers 623 exposed through holes 633 in the
passivation layer 625, for example, may be provided as discussed above with
respect to Figures 1-4, with respect to Figures 5-8, with respect io Figures 9-
12, and/or with respect to Figures 13-14. The passivation layer 625, for

30 example, may include an inorganic material (such as silicon dioxide and/or
silicon nitride) and/or an organic materfal (such as polyimide).

As shown in Figure 16, a second electronic device including a

substrate 711 and bonding pads 715 may be provided for coupling with the

device of Figure 15. The device of Figure 16 may be a semiconductor
22



20 Potassium sulfate - 25-200 grans/liter; RE enzotrizole - 1 10
grans/liter; Water for makeup; Tenp 30 to 70 degC, and, pH<7'. 25 The
structure of Figure 14 can then be heated so that the bunping material 435
forms a ball while the first metal |ayer 423a (such as an al um num | ayer)

i s exposed. WHHA7RI N based sol der bunping material, forCireseamnphss)sthe
bunpi ng material 435 may be fluxed, reflowed, and cl eaned to 30 provide the
bal | of bunping material 435. Wth a gold bunp terial, the bunping
materi al 435 rra‘iﬁt%éatsﬁﬁé&‘l“b@?‘f'%m&wdéﬂgc @Pﬁéﬂﬂ'@/@"cuﬂtﬁ %GWmM@reoHﬁft &8 al 435

may be bonded t9,yifPHRA 1138 ,%aweﬁbéaérﬁj wrb&%&.vébnmtpsf&rsmfrm%@e 18abt .

Accordingly, the burrpl ng material 435 can be used rovid 5 electrical
and/ or mechani c%@nottraﬂﬁ@ﬁr%ﬂt dnanctlisshatygbepas é’la(ysh@cmowsiea@@tth@mﬂdmg

whi Te. 27 v 2ot R O O B A R 6 e Ol er a2m i s
exposed. Acdor di ngl yAs shoawry Inrl:sgurﬁeWaIbOhéiygrpadQZ% ofraybai@tddf hewy wut |

probed, and/ o MhiEdReRdaRend BlinhoRIENg S BUILEBa o/ 12435 and/ or

after bonding t unpi n to ano Fi gures
15-17 illustr at@eass@iybalrldesecﬁariicaligg:loanecde«i| Momedveddhe cesial lagereré@idng to

further enbodi nents_of the present invention.,The integr rGui t

devi ce of Fi gupéui%aﬁﬁvnﬁ%rm%rg) @ﬁ%é %88%&3@65&&8%8%33@%@%@ 6%gl ayer
625 having a pIamadaftdr)bonﬂmbdh@sulﬁﬁ&téh&ne:srmgvthé buede 6350 Ttheaxpias laggrsa
portion of re tive taI . 6§23 uch as a m nu The 10
devi ce of Iﬁ%gur@&lgo esén?yn@‘/ @gqﬂ“rﬂ‘%‘ircéﬂ’ip{%’%{‘]aﬂﬂ}r‘%‘ﬁy'r@%rﬁﬁglﬁé@bectl ve
support struct Lfbﬁﬁm@SHe biﬁlﬂgs BBB%@]ﬁﬁir@(ﬁeﬁ bolding trdemirags 85 kb thersecdhd may t hus
be provi ded accordln odlnents t he present %nventl n as di scussed

above with respe® R oqMpre gf ﬁ rP%t?[o'éE‘?rSt SEQYGALPE. gNaX g
respect to Fi %Urﬁ§d Bsnlga |sH I/ h Bo B FREF bultte Jrb@ds esudifgldhd/or

decoupling of redundant and/or faulty circuitry within the substrate 621. Inan
16  alternative, one or more of the metal layers 835 may be probed 1o test
circuitry within the substrale 642, In another alternative, one or more of the
metal layers 83% may receive a wire bond {o provide electrical coupling
hbetwaen circuifry within the subsirate 6219 and another electronic subsiraie

and/or device.

20 In the drawings and soacificafion, there havs been disclozad typical
preferred embodimanis of the invention and, alihough spadific tzrms areg
emploved, they ere used in & generic and descriptive senge only a2nd not for

purposes of limitation, the scope of the invention being set forth in the

following claims.
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15 Each support structure 651, for exanple, may include a first barrier

| ayer (such as a layer of TiW Ti N, and/or conbinations thereof), an under
bunmp netal lurgy | ayer (such as a |ayer of copper) on the first barrier

| ayer, and a |layer of a second barrier |ayer (such as a layer of nickel).
Each bunp 635, for exanple, may be a tin based sol der bunp, a gold bunp,
and/ or a 20 copper bunp. Moreover, one or nore of the bunps 635, for
exanple, may be on a support structure 651 opposite an input/output pad of
t he substrate, 21 a%,di cussed above with respect to Figures 5-8. In an

al ternative, é“@#"ﬁﬁ%@“ﬁ$“ﬁhe bunps 635, for exanple, may be
electrically connected to and offset froma respective input/output pad of

the substratgq 6 i re i b T eIl = and
Wt rospect oA LEPURRAR £RuARIEIRe ERBEF hakh el FRee e 200
exposed t h§@EGHY#IdIAE 8N GDsphpeHan, thaRsihod cPBprYiagier 625, for exanple, nay

be provided dsmihssbasRHla3B0ENPMsi a bLSQE6er nhtdriaguf €% shibdratdbddor s pect
to Figures 5-8, w ures 9- 12, and/or with respect to

Fi eﬁ‘g‘géeﬁ 6{’%%§£1e%ﬂ§)é I%th.l % eIy !

igures 13-14. The passivation Tayer 625, for 30 exanple, may include an

i nor gani ¢ matf@niied a(condirtias baipi urpriingxd denﬁlnuv’fobl}msiﬁlatmﬁi asi theibaelerand/ or
aln 0[ gani c g’at Q%}f@!wf(el?é!g heasarRQ! 4 éﬂ[igﬁ%’twe‘é\?— t%&rt%\’iﬁ%dti% !‘Bhﬁl‘f&rﬁg]tﬁ%s@ﬁﬁéogd

el ectroni c device incl.udjn substrate a ondj ng pads e
provi ded for c045'§| Wl?ﬁelwdﬁ%g‘frﬁlﬂcu%k’}i“&%’solﬁw %]@Lf;}ggeﬁ%‘?ddl?ﬁgalg’eﬁp@é‘%%f@gur e
16 may be a sentheerghsed pprtdd ANEhE 64 0ABR &b a FEE/LUB2R0410 06 8 1B rfagendiehe at ed
circuit device | o) s § o il | erigl : vk D&

bondi ng pads. 7 (o REHEADAEHEELLRM Forbh BB 1JEHR e oL RIS RBIRLG L O o,
bondi ng t her ewi®t#feridlpangh al t ernative, bunps may be provi ded on the bonding
pads 715 in aflghi for@hgt deQfoninatveashngs, ouopsg6B6 vafridrilgwrefrdh. thd eABossiown i n

Figure 17, bondi 715.0f substrate.71l may. be . bon I tive
busps. 638" so t theroldRs SR RS VBTG A3 dhg iRy i*%0%%§9&%%r%§%§%i cally
connect ed. Mor ébwepnductiee hramal andatherssb@2@: sq shat thagorionnfrthmbaayesriajer may be
exXpos e'([jhaf Ler Qﬁ%gﬂame?; %eﬁvﬁ%{i l?l‘i’él 'H?nl d@@tﬁ/el%l Z%Idt tfﬁé sﬁ’&'ﬂgierllg ERICII Bﬁ‘ﬁét raﬁ% e 711
usi ng the bunps 635. e al |ayers 3, for exanple, . hus. be
burned, cut, pﬁﬁtﬁ@g?’ Sﬁ%?“g& fimp éh%?fi‘fﬂ’é‘al Byfigr of iy me%nq%Wé ”ggﬁr/ﬁ)ém%cé‘gn and/ or
after bondi ng trhelleltopse 685hct of theesubgmoauhd so that the exposed portion of the metal

layer is free of the barrier layer material.

2. A method according to claim 1 wherein the substrate comprises an integrated

circuit substrate.

3. A method according to claim 1 wherein the metal layer comprises an aluminum
layer.

4. A method according to claim 1 wherein the barrier layer comprises a layer of TIW.

5. A method according to claim 1 wherein the metal layer, the barrier layer, and the
conductive bump all comprise different materials.

6. A method according to claim 1 further comprising:

before forming the conductive bump, forming a conductive under bump metallurgy
layer on the barrier layer; and before removing the barrier layer, removing the
conductive under bump metallurgy layer from the barrier layer opposite the metal
layer while maintaining a portion of the conductive under bump metallurgy layer
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substrate 711. One or nore of the netal |ayers 633, for exanple, my be
burned using a | aser and/or nechanically cut to provide coupling and/or
decoupl i ng of redundant and/or faulty circuitry within the substrate 621.
In an 15 alternative, one or nore of the netal |ayers 635 may be probed to
test circuitry within the substrate 612. In another alternative, one or
nore of the netal |layers 635 nay receive a wre bond to provide el ectrical
coupling between circuitry within the substrate 621 and anot her

el ectronic: strate and/ or deyi ce. n the draw ngs and speci.f | cati on,
there have beeﬁ“ﬂW?@l3§e8”FWB?%% umBr@%%#Féﬂﬂﬁﬂﬁ@d? Bfm¥?é§ oﬁJh%tion
and, although snmdu&ne mﬁmnmuamenmemmhgwhwbrhhmymauhbm&&dnnhe&oqﬁm&wec and
descrlptlve se

the 1 nvent on: Barioané Absieh b AlenBHIERPER 19*61411%%%5*6%2“0 PG CER0E oh i s
claimed is: 1. BRriyg @eémetﬁd?rxﬁrng the diggsion hri@ f:lrf@ﬂhfaﬁlﬁéaca ofrdheafubpligfer

t her eon wher ei nrtihe thdf&ﬁ@éxﬂo@é(ﬁ;ﬁorﬁ&ﬁoﬁtﬁe@d@ﬂﬂ@%z ROfrbd OMthe thaiuaBthoddier

conpri si ng: fornln qﬁﬁ Iayer conprising a barrier |ayer nmaterial on
the substrate and'ron lgygl Xposed portion of the netal layer; forming a
conductive bunp conprising a conductlve bunmp material on the barrier |ayer

wherein the barg 'n?cfthddaé{&l’)rdlﬁg Retmees \Mﬁ't‘?ciﬁ(?@b'&{duwv@ml a0fpthQanitbptrate
and wherein the caonductive bunp is laterally offset and Iaterally separ at ed

from the BXPSEBEINSCPPRES of the netal layer in a direction parallel to a
surface of the substrate so that the exposed portion of netal |ayer is

free of the g0 zg'llr?r}tlk)\ﬁea&wﬁprrga{ga&%?ﬂ @lw}{el?gﬁ] tﬁg E&{ algf?\'/’e%lﬂ& %G P%ﬂﬁ%ﬂ%' ve

bunp, renoving the barri pose ortion o
| ayer whi |1éywn®t@|mrlr¢@léa/eb@?mpreﬁ@ déffer@mén%%rﬁls er Iayer between the
conductive bunp and the substrate so that the portion of the barrier |ayer

mai nt ai ned b t en tge condu ive gﬁ?ﬁﬁ the substrate is laterally
of fset and at F?lp aS%BQPé QaF? éCQQB%%@% portion of the nmetal |ayer

in the direcbifore fopamag thelcondudtive bampf doeiind atdeeorsubaticttageraor theoundeat t he
exposed portionafy HReNTRLAlayed dKEkin Gef §eBnDbalfiR 1HRF Ah@ tht aYes BREESNI al .

metallurgy layer comprise different materials and wherein the second barrier layer
is between the conductive bump and the conductive under bump metallurgy layer.

10. A method according to claim 9 wherein the second barrier layer comprises nickel.

11. A method according to claim 10 wherein the under bump metallurgy layer

comprises copper.

12. A method according to claim 9 wherein forming the second barrier layer
comprises selectively forming the second barrier layer on a portion of the under bump
metallurgy layer wherein the second barrier layer is laterally offset and laterally separated
from the exposed portion of the metal layer in a direction parallel to the surface of the
substrate.

13. A method according to claim 12 wherein forming the conductive bump comprises
selectively forming the conductive bump on the second barrier layer laterally offset and
laterally separated from the exposed portion of the metal layer in a direction parallel to
the surface of the substrate.
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2. A method according to claiml wherein the substrate conprises an
integrated circuit substrate. 3. A nethod according to claim1 wherein the
nmetal |ayer conprises an alumnum |ayer. 4. A nmethod according to claim|l
wherein the barrier |layer conprises a layer of TiW 5. A nethod according
to claim1 wherein the netal |layer, the barrier |ayer, and the conductive
bunmp all conprise different materials. 6. A nethod according to claiml
further conprising: before form ng the conductive bunp, form ng a

conducti ve under bu nmet al.l ur .layer. on the barrjer.layer; and before
omoving. ¢ he st menoy Aording kilaim ¥ Sinerehn S RER torinedh€ binnh® Radst o gy
l'ayer fronaydrearlasd ectivellyaipeningptho siohéudtive metpatompraseesclastivélg fveming dhai ng a
portion of fhey &9@%‘1@%‘4@% Em@%@ﬁd@HUPbgﬁ%tﬁéi{lgﬁ%né AYQL 24 between the

conductive bunp an strate so e portion of the conductive
under bunp netal lurgy | ayer maintai ned between the conductive bunp and the

substrate isikapnanahdyabiaet wadlgind atvafcadih Yaesepanatvedbubiporsniprscexlesed
portion ofm;teh0 Wy gral 1Ida edporicg tcr}e direction parallel to the surface of the
substrate “&nd *86% RAL” e exB%s‘ed portion of the metal layer is free of

t he conductive under hunp netallurgy layer. 7. A nethod according to claim

6 wherein thesCRNUESD MRoMRHeh BRUAPT WBERI fhEhg th@¥SHdue RIS SSorkRRer . 8.
A et hod ac&)or.dl ng.to claim®6 vvhﬁ{ Qtléan-'t e condu tl%t_? und‘ﬂ b_ulnp mat_a%l ur gy
| ayer and TAREUBAY Hading| ey QMR o FiesRariss irusr dArratyt fseh pad 1acrally s

accor di ng frenchakbtposed portibe of denpeiaklaygr inbe flioeiof grndlivbtd the sodamdudtthy e
bunp, forn,pg,.A second barrier layer on the under bunp netallurgy |ayer
wherein the second barrier layer and the under bunp netallurgy |ayer
conprise different nmaterials and wherein the second barrier layer is

bet ween the g¢pnluttiodachirapgandatnhne vaRRG tielivegrdtdeirctiusibsiEt alcdudegyn | ayer .

10. A nethod _.accordi to claim9 erein the second I I -
compri ses TANUREAT Ohf the e hAp Rk BGTE dajeh & REFT 0o T Sl Sl B8 ainae,
bunp net althamgial laypeand dompmitseputpashend whereinhpeotbitise bonpisigrmed et ai m 9

wher ei n f ah&bAdct BGerPpON tReph@luthAYgd. conprises selectively formng the
second barrier layer oh a portion of the under bunp

18. A method according to claim 17 wherein the metal layer and the bump pad both
comprise aluminum.

19. A method according to claim 1 wherein the substrate includes an input/output pad
thereon, wherein the barrier layer is formed on the substrate including the metal layer and
the input/output pad, and wherein after removing the barrier layer from the exposed
portion of the metal layer, the conductive bump is electrically coupled to the input/output
pad.

20. A method according to claim 19 wherein the metal layer and the input/output pad

both comprise aluminum.

21. A method according to claim 19 wherein the conductive bump is formed on the

barrier layer opposite the input/output pad.

22. A method according to claim 19 wherein the conductive bump is laterally offset
from the input/output pad in a direction parallel to the surface of the substrate.

23. A method according to claim 1 further comprising:
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metal lurgy | ayer wherein the second barrier layer is laterally offset and

| aterally separated fromthe exposed portion of the netal layer in a
direction parallel to the surface of the substrate. 13. A nmethod according
to claim12 wherein formng the conductive bunp conprises selectively
form ng the conductive bunp on the second barrier |ayer laterally offset
and laterally separated fromthe exposed portion of the netal layer in a
direction parallel to the surface of the substrate 25 14 A et hod

according to Ia|n113 ei.n ele tlvel nln sec barr i | ayer
Bnd el act i valy eBionneghs harEn it bt S S P T8 opEPe ng

the second barawmomia&ananﬁmthemhmnﬁumnmye bunp using a sanme nmask. 15 A
met hod according to claim 1l wherein the conductive bunp conprises at |east
one of solder, gold, and/or copper., 16. A method according to claim!]l
wherei n for mi2fl @C%@HEG%W?QRQWm%ﬂQgCOHpr|ses sel ectively plating the bunp
on the barri asubsyerintiatiapah kypwtd setal Rper thakes;al |y separted fromthe

exposed porti Qg%&h%%?oﬁﬁ%%@ﬁna% ﬁ&aﬁ’an |re05€% ﬁa%legm}o t he surface

of the subsfr accor alnt jeréin the i nt egrated
circuit subsercandiciinebutesn de barigy dﬂyeowtlptmn tbabaltnﬁetﬂé@ms beieeethg t he

barrier layer ignigitiBduap a'hﬁ‘%e%ﬂ@ﬁ?at@%efd‘lﬁh‘é@bﬁtﬂactﬁ/é@nﬂjﬁIs&JffsEtafY&ﬁ and the

i nput/out put p mher n,the co duct arrier
| vor oppost t & hERIS AT 6t BUEpHAS PSS Y e Prom SEET BRG 00 s Hr 17
wherein the neﬂayxhﬁyempaﬁdhﬂhEnbunwuga@rmmmhﬂ&conpr|se al um num 19. A

nmet hod according to claim|l wherein the substrate includes an input/output

pad thereon, wherein the barrier layer is formed on the substrate

i ncl udi ng t héSnt Fctt%ﬁicvmccqrﬁ@g.t% platn St ihgreplig cleaeniGHeYES n af t er

renovi ng tdegnphiacy drihitebAyer cifciDaetibe agd phseth thp eiitistrate comptihe anehiabratedyer ,

t he conductk Ssﬁ&ﬁBm's electrically coupled to the input/output pad. 20. A
0

met hod accord I'ng claim19 wherein the netal |ayer and the input/output

pad both conprise alum num 21. A nmethod according to claim 19 wherein the

conductive bugmad SledRiniEgvRR attts%dmg% Elafh 24 3N FeiPPR B8Rl Beconiipidtd out put
pad. 22. A .nethod according to clarm 19 wherein the conductive bunp is

laterally tipmpugtungsten.

27. An electronic device according to claim 25 wherein the exposed metal layer

comprises aluminum,

28. An electronic device according to claim 25 wherein the conductive bump
comprises at least one of solder, gold, and/or copper.

29. An electronic device according to claim 24 further comprising a conductive under
bump metallurgy layer between the barrier layer and the conductive bump.

30. An electronic device according to claim 24 further comprising:
a second substrate bonded to the conductive bump.

31. An electronic device according to claim 24 further comprising an input/output pad
on the integrated circuit substrate wherein the barrier layer and the conductive bump are

electrically connected to the input/output pad.

32. An electronic device according to claim 31 wherein the input/output pad and the
metal layer each comprise aluminum.
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fromthe input/output pad in a direction parallel to the surface of the
substrate. 23. A nethod according to claiml further conprising: 26 after
renoving the barrier |layer fromthe exposed portion of the netal |ayer,
bonding a second substrate to the conductive bunp. 24. An electronic
device conprising: a substrate including an exposed netal |ayer thereon; a
barrier layer on the substrate offset fromthe exposed netal |ayer ; and a
conductive bunp on the barrier |ayer wherein the barrier layer is between
the conductive bunp and the substrate, wherein the conductive bunmp is
offset from the netal |ayer, and wherein the barrier |ayer, the conductive
bunp, and t hé3nit alectrbray deviad dccadimgrtd skirdi3fl fvdreent thegnodictivey bumpisem thés. 25.

An eleCtrOﬁﬁﬁmq§M£Q§P§%£9&ﬁ£€ﬂ%ﬁ@n@Fﬁi”‘24 wherein the el ectronic device

conprises an I ntegr clrcul evice, and wherein the substrate conprises
an integrated circuit substrate. 26. An electronic device according to

cl ai m 24 whenei An thetrdas dévde dcaptdingao 0Rih SeSvhetdid teiconddctngbiepis ket An
eleCtroniCﬂ%%Yﬁ§§iﬁﬁ%ﬁﬁdﬁ ng to claim 25 wherein the exposed netal |ayer
conprises a U nokh W RA%el ectroni ¢ device according to claim25 wherein
t he conductive bunp conprises at |east one of solder, gold, and/or copper.

29. An el ect BONAK cHEYIREIALGOLEbAMHE cRlRDB A Wb hPghingONPri sing a
conducti ve underd_qughnetﬁl!ur%¥ %a er bﬁt gq_fhe b réler ayer. and the
conduct i ve baRBMAEPUmRyMEREREgY JATE PARNACR NG RETFlaNY 479 BF SPRUSHYS B Rer
conpri sing: a ssgendhsulkt banp netaiilegl lageit dne tbobattiet laye doumppise 8ifferenfn

el ectroni c devigg.agecording to claim24 further conprising an input/output

pad on the integrated circuit substrate wherein the barrier |ayer and the
conductive bunp are electrically connected to the input/output pad. 32. An

el ectroni c dewi sema@c@odibigping &1 sletirdhlc WBELELAmpigEng APUbILIE Mdludpada and
accor di ng TEeLT A aTeihaRrT e BTl Do s EeS Rl YETHER yer
opposi t e tde@prEwgt / out put pad.
forming a barrier layer comprising a barrier layer material on the substrate wherein
the barrier layer is laterally offset and laterally separated from the exposed portion
of the metal layer in a direction parallel to a surface of the substrate so that the
exposed portion of the metal layer is free of the barrier layer material; and
forming a conductive bump comprising a conductive bump material on the barrier
layer wherein the barrier layer is between the conductive bump and the substrate,
wherein the conductive bump is laterally offset and laterally separated from the
exposed portion of the metal layer in a direction parallel to the surface of the
substrate so that the exposed portion of the metal layer is free of the conductive
bump material, and wherein the barrier layer, the conductive bump, and the metal
layer all comprise different conductive materials.

37. A method according to claim 36 wherein the electronic device comprises an
integrated circuit device, and wherein the substrate comprises an integrated circuit

substrate,

38. A method according to claim 36 wherein the barrier layer comprises titanium
tungsten.

39. A method according to claim 38 wherein the exposed metal layer comprises

aluminum.
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34. An electronic device according to claim 31 wherein the conductive bunp
is offset fromthe input/output pad. 35. An electronic device according to
claim25 further conprising: an under bunp netal lurgy |ayer between the
barrier layer and the conductive bunp wherein the under bunp netall urgy

| ayer and the barrier |ayer conprise different materials. 36. A nmethod of
bunpi ng an el ectroni c device conprising a substrate including a netal

| ayer thereon wherein the netal |ayer has an exposed portion, the nethod
conprising: formng a barrier |layer conprising a barrier layer material on
the substrate wherein the barrier layer is laterally offset and laterally
separ at ed fr @fh Ahectbxpasedlinpiotdom 3S%wherha thetaldubayerunmcanptisce ot leagh

par al | el t&xﬁﬂ%? E@%G?Q&ﬁ&ﬂ%@ﬁﬁQStrate so that the exposed portion of the

nmetal layer is e ba | ayer material; and form ng a conductive
bunp conprising a conductive bunp material on the barrier |ayer wherein
the barrier laygmdtisodagtoverig tb h}elrﬁeacﬂmﬁtdrwnpmmg :and the substrate,

wherein the (fgrpnqggcglcg edugy\r)g)?nq%ﬁegﬁr}gf altill?ﬁa a%zgrt be?w g | BL BLAet Yaa/rﬁ rt?lgt o the

fromthe expose por I'on 0 directt on
surface of the copddtvearapso that the exposed portlon of the nmetal layer is
free of the conductive bunp nmaterial, and wherein the barrier |ayer, the

conductive b d the netal ayer conpr.i se different conductive
material s. ggqﬁnﬁﬂﬁﬁgﬁma E@FﬂFﬁﬁ“ggﬁHﬁg?ﬁggg“ﬂﬂ%re|n the el ectronic device
conpri ses anbondibegsabedsubistratabbndbdvtd des, coaduktivhén@apn t he substrate

conprises an integrated circuit substrate. 38. A nethod according to claim
36 wherein the barrjer layer conprises titanium tungsten. 39. A nethod

accor di ng t o431 Aty speeidaigniormeidwhagintae &ltegfét?‘éﬁlf%‘ﬁhf}ﬁsg% InC4g8i num
28 40. A rethed/@csompdd Ngréad &ldaiherdd hheaeic 14yR€ atd iduehivweivb bampcaapr i ses

at | east d pper. 41. A nethod according to
cl aim 36 fJQ%NMhycgmg%&ﬂtgHWI@3%% QME cgonductlve under bunp netal |l urgy

| ayer between the barrler Iayer and the conductive bunp.
44. A method according to claim 43 wherein the input/output pad and the metal layer

each comprise aluminum.

45. A method according to claim 43 wherein the conductive bump is on the barrier
layer opposite the input/output pad.

46. A method according to claim 43 wherein the conductive bump is laterally offset
from the input/output pad in a direction parallel to the surface of the substrate.

47. A method according to claim 36 further comprising:
an under bump metallurgy layer between the barrier layer and the conductive bump
wherein the under bump metallurgy layer and the barrier layer comprise different

materials,

48. A method of bumping an integrated circuit substrate including a metal layer
thereon wherein the metal layer has an exposed portion, the method comprising:
forming a barrier layer on a substrate and on the exposed portion of the metal layer;
forming a conductive bump on the barrier layer wherein the barrier layer is between
the conductive bump and the substrate and wherein the conductive bump is
laterally offset and laterally separated from the metal layer in a direction parallel
to a surface of the substrate; and
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42. A nethod according to claim36 further conprising: bonding a second
substrate bonded to the conductive bunp. 43. A nethod according to claim 36
wherein the integrated circuit substrate includes an input/output pad

t hereon and wherein the barrier |ayer and the conductive bunp are

el ectrically connected to the input/output pad. 44. A nethod according to
claim43 wherein the input/output pad and the netal |ayer each conprise

al um num 45. A net hod according to claim43 wherein the conductive bunp is

on the barrier Ia er posi.te. the i nput/out pad. ,46. hod accordin
C0 e s e e SREGR A e S o e tBR 16 B Thy SRRERLCT '

i nput / out put pqﬂrﬁmlaﬁﬂene&ﬂkgmrwhﬂah%ammmmgh@eﬂsmnﬁd&dmmﬁmﬂﬂarbdbstmate.
47. A et hod aggor thﬂﬁu’&é) bﬁllnﬁ' Jﬁ'd%c sﬂdf)&t&% s&‘ﬂ@&*}éb&% H@%@{g ePH'éSI&r

metal lurgy | ayer et we rrer ePConduct 1 ve wherein
the under bunp rﬁ@ﬂ@meérbgwqeam cmctme wep pRckthe| sgherateisnperatly SaPEfr@t%ﬁi ent
materials. 48. fforfeichaclaldbydwipditectRin parllleDbahedirats 6the ssushater at e
including a netal |ayer thereon wherein the netal |ayer has an exposed
portion, the method conprising: formng a barrier |layer on a substrate and
on the exposéﬂ1@@hﬁ%@ﬁ€®¢hmﬁgbﬁﬁtabmpaygg form ng a conductive bunp on
the barrier gﬁﬁﬁ&ymg@gﬁhﬂfhggmggrrler | ayer is betmeen t he conductive bunp
and the substrate %p mﬂfrelgwéhe conductive B QE | aterally offset and
lateral |y sepaFHtost PFEmaYHe ‘f‘eﬂt"’grﬁﬁ‘gwl‘i“h’fs& Wid¥ection parallel to a
surface of theéasidodbyeaton; thandte@@tedf ¢isnitf bstratg [dtdrel I offskicrony dhd ergnsed
renovi ng the b%ﬁ&hﬁéwﬁa%%f fromthe exposed portion of the netal |ayer

whi | e nai nt ai ni g n of the barrier |ayer between the conductive
bump and t he2<@p ltCrﬂa@ é)uw 9%&196 prsiepdeer orhesn tthe bamicr ilaer g petvechdifit ai ned

bet ween the condugictive bbsplndnte shguawbsldrwhdeihshé abRiualivy beepay angde from
t he net al Iaye@ a dir ctlon parallel to the surface of the substrate.

49. An |ntegratgﬁ]gFﬂ%ﬁf1a%%V|ce conprising: an integrated circuit
substrate; an exposed netal layer on the integrated circuit substrate; a

barrier |ayeg, OR Pnlaﬁlo!:l nﬁc@&rdﬁ{ge% ClatA U] twiRkhs tieAblink ather@hhisr RS @lrtler om t he

exposed netal er
P compuses emoving ‘Hle barrier layer from portions of the substrate surrounding the

exposed portion of the metal layer.

51. A method according to claim 36 wherein portions of the substrate surrounding the
exposed portion of the metal layer are free of the barrier layer material.

52. A method according to claim 48 wherein removing the barrier layer further
comprises removing the barrier layer from portions of the substrate surrounding the
exposed portion of the metal layer.

53. A method of bumping an electronic device comprising a substrate including a
metal layer wherein the metal layer has an exposed portion, the method comprising:

forming a barrier layer comprising a barrier layer material on the substrate wherein
the exposed portion of the metal layer and portions of the substrate surrounding
the exposed portion of the metal layer are free of the barrier layer material; and

forming a conductive bump comprising a conductive bump material on the barrier
layer wherein the barrier layer is between the conductive bump and the substrate,
wherein the exposed portion of the metal layer and portions of the substrate
surrounding the exposed portion of the metal layer are free of the conductive
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a conductive bunp on the barrier |ayer wherein the barrier |layer is between
the conductive bunp and the substrate and wherein the conductive bunp is
renote fromthe nmetal layer. 50. A nethod according to claim1l wherein
removing the barrier layer further conprises renoving the barrier |ayer
fromportions of the substrate surrounding the exposed portion of the
nmetal |ayer. 51. A nethod according to claim 36 wherein portions of the
substrate surrounding the exposed portion of the netal |ayer are free of

the barrier layer material. 52. A hod according.to claim4 erein
oroving the barmLRachpepid i B bunsr RESs Hesnat Ry bR FERefly o
from portions ohydh8 cempste differepticonductdiengaiérivds. exposed portion of the
nmetal |ayer. 53. A nmethod of bunping an el ectronic device conprising a
substrate including a netal l|ayer wherein the netal |ayer has an exposed
portion, the>fethBEhedmseedinggto clpt mp nheacipalhe jtCUPRy et VICE niOITRSISEYy 2%
barrier | ayepraiat eiredl devic,hends ubhsidmtiee whigneiencdhgiex pos ategpatd ichouiof t he
nmet al Iayeg b?iFaQe portions of the substrate surrounding the exposed portion
of the metA ayer are free of the barrier layer material; and formng a
conductive bunp conprising a conductive bunp material on the barrier |ayer

wherein the Bar Al @ethb@%eeordifig REIAMERNST RBcRANEHCEIME RYSPcANistOEBUpst rat e,
wherein the exq%gsed portion of the metal |ayer and portions of the

subst rat e M8&Houndi ng the exposed portion of the nmetal |ayer are free of
t he conductive 30 bunp material, and wherein the barrier |ayer, the

conductive bygps At Bial Vel ye: [ 1 T f Qe cCondMaks ve
mat eri al s. Sg?pA negétﬂﬁ%g%%ﬁ%gdﬁon(g%%&g Sgﬁgllg%&ggﬂ\é/\ﬁ% Oesg'&ril 1t ﬁe e gct roni ¢ device
conpri ses @WWR egrated circuit device, and wherein the substrate

conprises an integrated circuit substrate. 55. A nethod according to claim

53 wherein t jer | r .co I Ses,. titani n : pt hod
accordi ng togglgﬁ{%{@ avcvﬁcgl%ﬁg’lgntgtc??e?i 1e5§p‘6%eé%fn?rhe% %ﬁ@dpé@”&%ﬁé@@oﬁ@ggﬁ% %JSPTI num
57. A net g chedderdinid, and/celcaprer55 wherein the conductive bunp conprises at
| east one of solder, gold, and/or copper. 58. A nethod according to claim

53 further Cg)é’rpAr }n%il:hrc];g :according to claim 53 further comprising:

forming a conductive under bump metallurgy layer between the barrier layer and the
conductive bump.

59. A method according to claim 53 further comprising:
bonding a second substrate bonded to the conductive bump.

60. A method according to claim 53 wherein the integrated circuit substrate includes
an input/output pad thereon and wherein the barrier layer and the conductive bump are

electrically connected to the input/output pad.

61. A method according to claim 60 wherein the input/output pad and the metal layer

each comprise aluminum.

62. A method according to claim 60 wherein the conductive bump is on the barrier
layer opposite the input/output pad.

63. A method according to claim 60 wherein the conductive bump is laterally offset
from the input/output pad in a direction parallel to the surface of the substrate.
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form ng a conductive under bunp netal lurgy | ayer between the barrier |ayer
and the conductive bunp. 59. A nethod according to claim53 further
conprising: bonding a second substrate bonded to the conductive bunp. 60.
A met hod according to claimb53 wherein the integrated circuit substrate

i ncludes an input/output pad thereon and wherein the barrier |ayer and the
conductive bunp are electrically connected to the input/output pad. 61. A
met hod according to claim®60 wherein the input/output pad and the netal

| ayer each rise alum.num hod according to claim60 wherein

t he conduct|§gqg dzcﬁﬂﬁyﬁéoﬁ FPPéfq%Fﬁﬁgpp%%ﬁ%S|te t he i nput/out put pad.
63. A net hod aac;mda:rdmmgo etatiuaynanGd batvereaithe bhveecgcustd the chadwotivesblmp er al | y
offset fromt ' [ ace of
The substrate. SIre e N e P o B 15T o
under bunmp net dPHEFYS | ayer between the barrier |ayer and the conductive
bunp wherein the under bunp netallurgy |ayer and the barrier |ayer
conprise different materials. 32
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