METHODS OF FORM NG BUWP STRUCTURES THAT | NCLUDE A PROTECTI ON LAYER
BACKGROUND OF THE | NVENTI ON 51. FI ELD OF THE | NVENTI ON

Cenerally, the present disclosure relates to the nmanufacturing of
sophi sti cated sem conduct or devices, and, nore specifically, to
vari ous nethods of form ng conductive bunp structures on integrated
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2. DESCRIPTION OF THE RELATED ART

In the manufacture of modern integrated circuits, it is usually necessary to

provide electrical connections between the various semiconductor chips making up a
microelectronic device. Depending on the type of chip and the overall device design

15 requirements, these electrical connections may be accomplished in a variety of ways,
such as, for example, by wire bonding, tape automated bonding (TAB), flip-chip
bonding, and the like. In recent years, the use of flip-chip technology, wherein
semiconductor chips are attached to substrates, carriers, or other chips by means of

solder balls formed from so-called solder bumps, has become an important aspect of the

20 semiconductor processing industry. In flip-chip technology, solders balls are formed
on a contact layer of at least one of the chips that is to be connected, such as, for
example, on a dielectric passivation layer formed above the last metallization layer of a
semiconductor chip comprising a plurality of integrated circuits. Similarly, adequately

sized and appropriately located bond pads are formed on another chip, such as, for

25 example, a carrier package, each of which corresponds to a respective solder ball




formed on the sem conductor chip. The two units, i.e., the

sem conductor chip and carrier package, are then electrically
connected by "flipping" the sem conductor chip and bringing the

sol der balls into physical contact with the bond pads, and perform ng
a "reflow' process so that each solder ball bonds to a corresponding
bond pad. Yorfepi gathkekemidondugos chipr Ewervd hows dedshe edmisetdietor kbippsnd
may be distributed over the entire chip area, thereby providing, for
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Figure 1A depicts an illustrative prior art deV|ce 100 at an early
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pads 12 are formed in a |layer of insulating material 10. An
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The | ayers 14A, 14B and 14C nay be fornmed using traditional

depddi tion processes, such as chenical vapor deposi tion (CVD)
processes. Next, as shown in Figure 1B, openings 16 are
formed in the pEm&saﬂAeiF Idgpist o4 tlkustﬁmeebyo%ﬁﬁose)cpisr flpn&roformies
conductive pads 12. The openings 16 nay be fornmed using traditional
phot ol i t hogs@ahlvabiinpd thiangnptadessedeviddr Bigapelh fdegials|ay, illosme@tios prior
nore etching processes are perfornmed through a patterned photoresi st
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| ayer 18 is typica PRt s epo he polyim

materi al usin i n-
15 pass?vatlon ayer 14 is formed above the layer of insulating materials. In one

illustrative example, the passivation layer 14 may be comprised of multiple layers of
material. More specifically, in the depicted example, the passivation layer 14 may be
comprised of a layer of silicon-carbon-nitride (BLOK) 14A having an illustrative
thickness of about 100 nm, a layer of silicon dioxide 14B having an illustrative
20 thickness of about 450 nm and a layer of silicon nitride having an illustrative thickness
of about 400 nm. The layers 14A, 14B and 14C may be formed using traditional

deposition processes, such as chemical vapor deposition (CVD) processes.



10 coating technique, and thereafter perform ng a heating process at
a tenperature of, for exanple, about 360C, to cure the polyimde

| ayer 18. In sone case, the polyimde |ayer 18 may have a thickness
of about 2-10 microns. Unfortunately, during the process of formng
the polyimde |layer 18, oxide material 19, e.g., copper oxide, fornms
at the interfacelchgtyeiwd eFigot YBIbsiaidgayenurcdBrasdid the paahduch laver 14
pad 12. It should be 15 noted that, although the oxide material 19 is
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sem conduct or devi ce. ~Figure 1D depicts the device 100 after
several prdzwsy topeimatheopieningsd Obeldw syesrdigheregenimgs may veryedopendingrigen
| ayer 18 has been patterned usi ng known photolithography and etching
t echni questheMarteeukpepplidadah.l y, one or nore etching processes are
performed through a patterned photoresi st mask (not shown) forned
above the polyimde layer 18 to formthe patterned polyi mde | ayer 18
depicted in Figure ID. Then, an under-bunp netallization (UBM | ayer
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second | ayer of copper. Then, as shown in Figure 1E, a patterned nask
| aydf 22, eoajing techaKpieopnssihsteatier pratokmingsy R I
and conductive material 24 for the conductive bunp is fornmed on the
devi ce 100exdmplgnabout BOR¥YC, 40 icves b awplimjdealapdrakd. ntp proe esss, ihe polyimide
performed to forma |ayer of nickel (not shown) on the exposed

portions ofayehegdayy ¢avd al fhooMaeksbyf alnoi [Pero mhiaynng Phbeessetyhairii® ths
the bulk of the conductive material 24. In one illustrative exanple,
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practice the oxidation may not be so uniformly distributed across the conductive pad
12. The presence of such oxide material 19 may tend to locally increase the resistance
between the conductive pad 12 and the conductive bump that will be formed above the

conductive pad 12. Such increased resistance may reduce the performance capabilities

20 of the resulting semiconductor device.

Figure 1D depicts the device 100 after several process operations have been
performed.  First, the polyimide layer 18 has been patterned using known

photolithography and etching techniques. More specifically, one or more etching



20the illustrative conductive bunps 24B shown in Figure 1F. The
present disclosure is directed to various nethods of form ng
conductive bunps on a sem conductor device that may at | east reduce
or elimnate one or nore of the problens identified above. SUMVARY
OF THE | NVENTI ON The follow ng presents a sinplified sunmmary

of the invgRLdeR 4B REEehHed MiBLAY adsut@riRaShotdtBdar Shan GiodGheHwns Eithed
aspects of the invention. This summary is not 5 an exhaustive
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invention._lIts I urpose, is to present s ncept.s. | :
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di scussed |l ater. 10Generally, the present disclosure is directed to .
vari ous metkedshefevieglVhg f%&wilafs@r Blirpas e semprisd ehmulipdylayes ot
circuit devices, wherein, in sonme enbodi nents, a protective layer is
enpl dyed, madrigeni cemay beforinsi iy pstfetmisg coe bumes: ddprsigne prxasspd. eln anhe
met hod i ncludes form ng a conductive pad in a layer of insulating
materi al, d&xampld)gha UBAg Sapat200mmal &y efonpbiost of be igdiadLGEd vetipadnanad a
the layer of 15 insulating material, perform ng at | east one etching

process ongl }Q?é%f\é@éﬂe@_n | ayer to define an opening in the
passivation [ayer that exposes at |east a portion of the conductive

pad and formng a protective |ayer on the passivation layer, in the
opening and on the exposed portion of said conductive pad. In this
exanpl e the nethod furfher.iqglude t he steﬁs of

] ormng a :

heat - curabl e nati&f 3% shaiylin Fdgn 1Xs aPismea ek Iaé(frrem\zélo‘f‘g'z(ﬁ photqspgist

| ayer) above the protective |ayer, gerforning an etching process on

t he 1feat - cupdblieformed ehave thaylevice d 08 enil wenduchae meateresd 2Hdart theygoadnaive

mat eri al | ayer having an opening that exposes a portion of the

pr ot ect i vebnay & forfped oarthe dgvian 104d.c lih nge pliweesse txanigany platihg peocpssisd

portion of the protective |layer to thereby expose at |east a portion
performed to form a layer of nickel (not shown) on the exposed portions of the device
followed by another playing process that forms the bulk of the conductive material 24.
In one illustrative example, the conductive material 24 is comprised of tin-silver, but

15 other materials may also be used.

Figure 1F depicts the device 100 after additional process operations have been
performed. Initially, the patterned mask layer 22 (see Figure |E) is removed.
Thereafter, a heating or reflow process is performed which results in the formation of

20 the illustrative conductive bumps 24B shown in Figure IF.

The present disclosure is directed to various methods of forming conductive
bumps on a semiconductor device that may at least reduce or eliminate one or more of

the problems identified above.



of the conductive pad and, after renoving the exposed portion of the
protective layer, form ng a conductive bunp that is conductively
coupled to the conductive pad. In one illustrative enbodi nent, a
devi ce di sclosed herein includes first and 5 second spaced-apart
conductive pads positioned in a layer of insulating material, first
and second under-bunp netallization |ayers that are conductively
coupled to the first and second conductive pads, respectively, and

first and second spaced- apaiinviaPRRYCOFEHRYNREN RSN of which are
conductively coupled to the TTT3U and second under-bunp netallization

| ayers, respectivel ln thi . I f Lt L nclu
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material between the first and second spaced-apart condyctive bunps
and & pr ot BEXHrE PRI REPOgHE RECL B BiE BYeHR8UI L4 Fighmary 1 fot
material, wherein the protective |ayer extends between and contacts
the first amgxkpgibrriovardew-afithe inventen. i Kas inphintended o idesiafyoldyegr critical
illustrative method disclosed herein includes form ng a conductive
pad in a | agsenBfofititsimiaitiongprnatieliicate, thé ecopk g thee imadtion! dgeole purpose is
passi vation | ayer above the conductive pad and above the | ayer of
insul ati Dgth?'E'e%éritaéomé/\/@@ﬁ&bf% o) Eisﬁfﬁﬁliﬁéﬁ/%mpfas tahBrefdet fo- IRYRbre detailed
passivation layer is in contact with the conductive pad and the | ayer
of i”SUlatP&Qﬁﬂﬁ%ﬁﬁﬁ@%m&ﬁﬁ&é@ﬁﬂ&”g at | east one etching process on
the nulti-laye passivation |layer to renove at |east one |ayer of
the multi-layer passivation |ayer, to thereby define an etched
passivation | ayer having a recess that exposes at |east a portion of
the first layer and formng a heat-curable nmaterial |ayer above the
et chdd passi vat Bsperpldyseihe aesephdisslopysdd Porterda vriogaingethadsset forpane
In this exanple, the nethod further includes perform ng an etching
process oncorvmctieat buny aiheturet err aintdgeyest  disudefdevieess whatetrer fredsome
heat -curabl e nmaterial |ayer having an opening that exposes a portion
of the et chgbodiarsisyahpradctva)efer ademplaged aposiedicpoedmmrisind suchatribtisds.
| ayer, performng an etching process to renpbve the exposed portion of

the first Layes edathdid ShERNIBYRAIFIR oGRS h Bn@RKLE 38d 8f a 1)8r of insulating
conductive pad and after renoving the exposed portion of the first
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15 insulating material, performing at least one etching process on the passivation layer to
define an opening in the passivation layer that exposes at least a portion of the

conductive pad and forming a protective layer on the passivation layer, in the opening

and on the exposed portion of said conductive pad. In this example the method further

includes the steps of forming a heat-curable material layer (such as a polyimide layer or

20 a PBO layer) above the protective layer, performing an etching process on the heat-
curable material layer to define a patterned heat-curable material layer having an

opening that exposes a portion of the protective layer, performing an etching process to

remove the exposed portion of the protective layer to thereby expose at least a portion



BRI EF DESCRI PTI ON OF THE DRAW NGS The di scl osure may be
understood by reference to the follow ng description taken in
conjunction with the acconpanyi ng drawi ngs, in which |like reference
10nunerals identify |like elenments, and in which: Figure 1A-1F
depict one illustrative prior art techni que enployed to form bunp

struct ures ,phealdnliRsHal @hd Cltfef WrhoWRY tlxpdRil [GHAGS o L Ae fotd@BlcThyer,
one illustrative process flow disclosed herein for form ng conductive

bunmp struc - i r i G i i
stract ure. (BT iELkNLRRITRENEL b SHhdnoHEUl CaRlcd BIREL LB T
3A- 30 depict another illustrative process flow disclosed herein for
20f orm ng conductive bunp structures on integrated circuit devices.

Whil e the subject matter disclosed herein is susceptible to varjous
nodi fi cations afhil ot tibisatiys empedigent, spdeyiee @15‘@}%6@ inggsit dncludlep dypt and
have been shown by way of exanple in the drawi ngs and are herein
descrsi bed bevodétspaded-apart sholiictivbpadsrmbeitmneddy a ldyewel ersplatihamatérel, first
description herein of specific enbodinments is not intended to limt

the i nvent k@l sécdnd RgddaubipChtkalliZafoitaydissitihtose dondustively dobigled antiiealingt
the intention is to cover all nodifications, equivalents, and
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bumps, each of which are conductively coupled to the first and second under-bump

metallization layers, respectively. In this example, the device further includes a

10 passivation layer positioned above the layer of insulating material between the first and
second spaced-apart conductive bumps and a protective layer positioned on the layer of

insulating material, wherein the protective layer extends between and contacts the first

and second under-bump metallization layers.

15 Another illustrative method disclosed herein includes forming a conductive pad
in a layer of insulating material, forming a multi-layer passivation layer above the
conductive pad and above the layer of insulating material, wherein a first layer of the
multi-layer passivation layer is in contact with the conductive pad and the layer of
insulating material, performing at least one etching process on the multi-layer

20 passivation layer to remove at least one layer of the multi-layer passivation layer, to
thereby define an etched passivation layer having a recess that exposes at least a portion
of the first layer and forming a heat-curable material layer above the etched passivation
layer and the exposed portion of said first layer. In this example, the method further

includes performing an etching process on the heat-curable material layer to define a



Various illustrative enbodi nents of the invention are descri bed

below. In the interest of clarity, not all features of an actual

i npl ementation are described in this specification. It will of course
be appreciated that in the devel opnent of any such 10 actual

enbodi ment, nunerous inplenentation-specific decisions nust be nade

t 0 achi evepdtthmedéreat-apails masqat ildyiec haaag an opathg st eapgres arpoetion dhthe
systemrel ated and busi ness-rel ated constraints, which will vary from

one i npl enggteat h-RGVAEADGENAARd A eREVeE potttorbl khdd BrsdNRYRC patathibdah
such a devel opnent effort m ght be conplex and tine-consum ng, but

woul d neve Lne 4! f L

Toski 111 repiEk B Mteb O MPHARE! b b Rr WRGLURSE: ] nfAY bke a
present subj ect tter, will, now be described with reference to.th

Dt tached nobar@erioy. ot tondpflie nif 460 35rePBiutia e cRofebibifon St thefirst
schematically depicted in the draw ngs for purposes of explanation
onl ySand davéisforginggt cogpudiveduimmdhyigsaductalysaipleddo the andyetyspad s
that are well known to those skilled in the art. Neverthel ess, the
attached drawi ngs are included to describe and explain illustrative
exanpl es of the present disclosure. The words and phrases used herein
shoul d be under st ood aPRIEFBESCRIPTION GBRTEH R DREWINGSONSI St ent

wi th the understandi ng of those words and phrases by those skilled in

the relevant arfne Ne ISQREIHRly HETuhBlkboN vfreferdRE M Ahe FMASRE deberfition?
definition that is different fromthe ordinary and customary mneani ng

as under st by those..skill.ed, in I i;S. . 1.Nt ende i i
by consi sttcg)lge;21 ﬁ%acﬁeju%? tl(?'ﬁeVLl'ltthe&}r% oarcg%ﬁ?agl }eﬂ g?aglﬁés’ 'Ijg ?V ﬁﬁec(?]eﬁg %nligpétr%ngcg
atermor phrase.js..ntended to have ﬁl pecial meaning, i.e., a

meany ng ot'HEHTHR n'ilh’ fk ﬂ’é‘?‘gﬁ’%@”b‘?' ’§E1’ |led artisans, such a
5special definition will be expressly set forth in the specification
in a definitional nmanner that directly and unequi vocally provides the
special definition for the termor phrase. The present

di scl osure is digwetldd] F depiatrareibdusnimtine pisoradit fechimaurgensdoykdcttifoen bump
structures on integrated circuit devices. As wll be readily apparent
to those 1QusiidslodthniiftebRtdaifculi@enic@ conpl ete reading of the present
application, the nmethods disclosed herein are applicable to a variety
of devices, including, but not limted to, ASICs, |ogic devices,
menory devices, etc. Wth reference to Figures 2A-2G and 3A- 3G

i e e R e

sane reference nunbers are , o ) )
conductive bump structures on integrated circuit devices, wherein the bump structure

includes a protective layer; and

Figures 3A-3G depict another illustrative process flow disclosed herein for

20 forming conductive bump structures on integrated circuit devices.

While the subject matter disclosed herein is susceptible to various modifications
and alternative forms, specific embodiments thereof have been shown by way of

example in the drawings and are herein described in detail. It should be understood,




15used in both Figures 1A- |IF and Figures 2A-2G or 3A-3G the

previ ous description of those structures applies equally to Figures
2A- 2G and 3A- 30. Fi gures 2A-2G depict one illustrative process
fl ow di scl osed herein for form ng conductive bunps for a

sem conduct or device 200.  Figure 2A depicts the novel device 20 200
at an ear | 3oveqvag éhﬂéﬁherﬁkﬁ%mrﬁw&wm PlespepiHREmPRSInGnE is gopintgnded foylingf the
spaced- apart conductive pads 12 are fornmed in a layer of insulating
mat eri al li@verfios th dyegpariodulirfamhsadibaigperpltut vhahe ddntrasy theintotpn isste dood
a variety of insulating materials, e.g., a lowk (k value | ess than
3) mat eri adl] mgiiificaansdéq@iyaligits, ahg altekhgideayalin®@vithirstib apirin @nd'®dopé bathe
10 may be foir ed by performng a variety of known deposition
prOCesses, inygntln-as defidd B ME EFRnddNGaiganduct i ve pads 12 may be
conprised of a variety of materials, e.g., copper, a copper alloy,
al unknum an al um num al | oy, etc. The conductive pads 12 may have any
desited configuration and they may be formed using traditional

techni ques. Al so depicted in F,% e 2A | att erned passivation
layer 14 5 that is formed abdRELARLEDDESCERIVIION ating material 10.
In general, the device 200 depicted in Figure 2A corresponds to the
devi ce 100 depi ¥treahsiilugtiague embslimentsgridh¢ ffvgstiematedesaiwaplelw. t ethe
passivation |layer 14 may be conprised of nmultiple |layers of nmaterial.
Mor e speciihtecat loy clarity,tihe allefehimt@dotexanyhd, inihen@assinvati describeddan thid
may be conprised of a |ayer of silicon-carbon-nitride (BLOK) 14A

havi ng an dpletiGsitiont | ewilOof Bhigkd188 IpSbcialedUhatLiA0thB Mev@lopA¥@ 0f0dny such
silicon dioxide 14B having an illustrative thickness of about 4gb nm

and;g | ayearcuﬂi‘i ddﬁﬁéht”inﬁx‘hla%ﬁsfl ;éeéﬁ%n%oh' hé{ﬁﬁé thebl*é%an Wﬁﬁéilnlgeszflagé to

about 400 1 t1onal In Sso cases the or

14A, 14B an 14 e revers e.in othe case. ers
Fayers. usaliiege %ﬁ%@fwwﬁfa@“@ S5, SomafRyER ugeBe g and
than 3, e.g., a 4 layer passivation | ayer 14 15 (BLoK/ Si 02/ S1IN Si 02).
As will bebwseee?gniaé conptiaigs sViRIRR | Wiklgvany Frem e igplesentgtion i apider.
readi ng of the present application, the passivation |ayer 14 may be
conpri sed Mbreaverart veillybeofppnatated thhssiwwhehleaslopimentcgitortimagtit dbe complek cod
nitride, TECS, FTEGCS, SiOF, etc., including conbinations of such

mat eri al s.tim&eohsapgtig bhdAoulli4Bvatitlckd 6e aayuhe drmeensidng Sdrnbose of ordinary
traditional deposition processes, such as CVD processes. As shown in
20 F5gure g ifkhPhMhddihg heWenOREITNIRislBs@Ee formed in the passivat
on layer 14 to thereby expose portions of the conductive pads 12. The
openings 16 nmay be forned using traditional photolithography and

et chi ng processes. Nbre specifically, one or nore etching processes

are performed throu tterned ot or esi st n to
P ﬂle pr sent s ?ect matter lehn [) descrleE with ref%rence to th)e attached

figures. Various structures, systems and devices are schematically depicted in the
drawings for purposes of explanation only and so as to not obscure the present
20 disclosure with details that are well known to those skilled in the art. Nevertheless, the
attached drawings are included to describe and explain illustrative examples of the
present disclosure. The words and phrases used herein should be understood and
interpreted to have a meaning consistent with the understanding of those words and

phrases by those skilled in the relevant art. No special definition of a term or phrase,




formthe openings 16. The size of the openings 16 may vary dependi ng
upon the particul ar application. Next, as shown in Figure 2B, a
protective layer 202 is formed above the device 5 200 and

particul arly above the exposed portions of the conductive pads 12. In

one illustrative exanple, the protective |ayer 202 nmay be conpri sed
of silicon;d| axiddgnition | theons Ai¥drbntofioge teSo@fidarySidd costombityr ntk@ning as
silicone carbon nitride (SICN), etc., it may have a thickness of

about  20- 30QydrdttRd B fhokd sBYd BEME AHTRANRYIREHI IR Ml ghgd By \(BhéiRkN d%ﬁ%a of
know deposition processes, e.g., CVD, atomc |ayer deposition (ALD),
or plasnma- i on e e G S
shown in Fpéagggég%ﬁgwﬁgé%?Eu?ggﬁ%%%% e&%ﬁ?%$§y§§p9i§:ygl g@%%g{m?ﬁé
heat -curable paterial 218 nmay be conprised of, a variety of nmaterials,
e g. . pol yPHCHEMEBGHEn b RS DI SR, derIoofk Ry sl R st
material |ayer 218 is tyFicaIIy 15 formed by initially depositing the
heat Scur abbrecisheeftiiaen will byyexprepiyrict bathiin hetspetifirajioa in a datiniHepd sanger
perform ng a heating process at a tenperature of, for exanple, about
360C, to cthaedirdetlyhedtinapmiaichidy pmiveick dle spegigirdefhBion|for the memoapérase.he
heat-curabl e material |ayer 218 may have a thickness of about 2-10
m crons. Anong other things, the protective |ayer 202 acts to protect
the underlying conductive pads 12 fromthe 20undesirabl e oxidation
that occurred dyft BRsbiielaahiss BEOGEPT ViRhus HRGd Of MRAidO oGk rive
the polyi mde | aye 7 using the prior art process flow depicted in
Fi gures 1A;1F. Fi gure 2D, depi.cts the device, 200 ,after the
heat - cur aéP‘é‘“H&f‘EFﬁ”%ﬁs qlg%‘?gr%% ¢ g‘élg g@@ﬁespag? yillele ﬁesafiﬂg) aﬁﬂ%\%& to those
phot ol i t hogr.aphy and et ching techni ques. Moy specifically, one or
mor d0et chi %@H?ﬁr e dasad upog %é@%kf@éﬂaﬂmgo@fgﬁ*eaprﬁ%ﬁw SPRlEgtiBRothg rastheds
mask (not shown) formed above the heat-curable material layer 218 to
form t he pdistlesaelkrtioatre applidabls toat eatiety of ayeice igdudinpi it ewt ilimited to,
Fi gure 2D

ASICs, logic devices, memory devices, etc. With reference to Figures 2A-2G and 3A-

3G, various illustrative embodiments of the methods and devices disclosed herein will
now be described in more detail. To the extent that the same reference numbers are
15 used in both Figures 1A-1F and Figures 2A-2G or 3A-3G, the previous description of

those structures applies equally to Figures 2A-2G and 3A-3G.

Figures 2A-2G depict one illustrative process tflow disclosed herein for forming

conductive bumps for a semiconductor device 200. Figure 2A depicts the novel device

20 200 at an early stage of manufacture. As shown therein, a plurality of spaced-apart
conductive pads 12 are formed in a layer of insulating material 10. The layer of
insulating material 10 may be comprised of a variety of insulating materials, e.g., a

low-k (k value less than 3) material, silicon dioxide, etc. The layer of insulating

material 10 may be formed by performing a variety of known deposition processes,



5Next, as shown in Figure 2E, an etching process is performed on the
protective |ayer 202 through the patterned heat-curable materi al

| ayer 218A to formthe patterned protective |ayer 202A depicted in
Figure 2E. This etching process exposes portions of the conductive
pads 12 for further processing. 10Fi gure 2F depicts the device 200
after sevepal, PIOCBSHoaRE! allicotsndnane paBnlpeddyobaredmpfisddsdt aavariety of
under - bunp metal | i zati on (UBM layer 20 is bl anket-deposited across

t he device Th e S i |l Y ETR
[rrgd Ciils, @ﬁa%ﬂ)@%’orm MBI aﬁf?r’i‘iﬂ{lﬂn et Qfuntiibhi Al |y eThRe

of materia by pétform ng one or nore déposition

prosesser. shRsgif, BT B HEIAREL wﬁ%@éﬁ%ﬂ B BRTRL o
00, o B0 e B Hef ] o PEIRLA S Bk SNS3S: Rl 1

titaniumtungsten. The UBM | ayer 20 may be forned by perform ng

vari éty of thahdsvfortnsd mbbyai 8, lagergof, inplating materiph §0-ode cenerpp tlee Sﬁy%ﬁ‘ el
vapor deposition (PVD) processes. Then, with continuing reference to
Fi gure 2F, dapipatitiefigde AAséorteayards 28 ,the 26iee 00 depighdiroFasisi Bmdkene
is formed above the device 200 and conductive material 24 for the

conduct i ve jinyiBtil S e P18 dh® Padshatigie Viyee 1 20y bdcangridelllofshuleipleMeyers of
exanple, a plating process Is perforned to forma |ayer of nickel

(not shown a(?&iatl h%/l(ﬁ%@ ?%caﬂ?r fn' tﬂ@ﬁeﬁ te%@ﬁ&ﬂﬁl}é' ﬁ‘nﬁ: ep%ggvg glﬂllw q4b&{ay be

anot her pI a I'ng pr oces forns t con uctl ve
mat eri al I n one

ustr t|ve ex d ive. mat er.
is conpri §8’6198fedt Pf‘l ﬂaV?feP SigpnGeh ﬁré& ﬁﬁfleé Qﬁ &@gﬁ g‘ﬁ% meLEsiin husmgve
SnAgCu, may al so be used. Figure 2G depicts the, device 200 af ?
addi ltq onal thielgeess 9T Ghertat P& mEn haeyes nsiBeqe Aigiite 441 Ihivingapn yllugglive
patterned mask |ayer 22 (see Figure 2F) is renmoved. Thereafter, a
heating or thiefrieswwpatooed®) s apérflayared sikbrc hitrdshiving amillupeativerthigknesn
of the illustrative conductive bunps 24B shown in Figure 20. As can
be seen i noFuei @0 mn. tARIitinal, id euing @astO thetirdal cdsiediahas eiA, 4R hullbEC

may be reversed, while in other cases the numbers of layers used to make-up a multi-
layer passivation layer may be more than 3, e.g, a 4 layer passivation layer 14
15 (BLoK/Si0O4/SiN/Si0;).  As will be recognized by those skilled in the art after a
complete reading of the present application, the passivation layer 14 may be comprised
of a variety of materials such as silicon dioxide, silicon nitride, TEOS, FTEOS, SiOF,
etc., including combinations of such materials. The layers 14A, 14B and 14C may be
formed using traditional deposition processes, such as CVD processes. As shown in
20 Figure 2A, a plurality of openings 16 are formed in the passivation layer 14 to thereby
expose portions of the conductive pads 12. The openings 16 may be formed using
traditional photolithography and etching processes. More specifically, one or more

etching processes are performed through a patterned photoresist mask (not shown) to

10



10 first and second spaced-apart conductive pads 12 positioned in a

| ayer of insulating material 10, first and second spaced-apart
under-bunp netallization |ayers 20 that are conductively coupled to
the first and second conductive pads 12, respectively, and first and
second spaced-apart conductive bunps 24B each of which are

conduct i veloyndbe pbetdngolé.hellfe sis¢ ofinitt speinmd Lndey-bundepetialg ipat ihen
| ayers 20, respectively. In 15 this exanple, the device 200 further

i ncl udes gapaasdrvgplicafiohayer positioned above the layer of insulating
material 10 between the first and second spaced-apart conductive
bunps 24B and a protective |ayer 302 positioned on the |ayer of
insulating material 10, wherein the protective |ayer 302 extends

bet ween and contacts the first and second under;bunp netallization.
Cayers 20 20 O &k il ¥l P8 ZRORN L BSREH TRy TR Cieol Mo Blises
flow di sclgsed herein for, form ng conductive bunps for a

seni Sondudihr ARG a0 abasiegie e&gwegémrm@ frge repdictiyevrde 1 30dn e
an early stage of manufacture. As shown therein, a plurality of
spaced- apaHustetie wastnple, fdedprottize dayeord®8dnin ba dogypsisedpf isiisah atigxride,
material 10. Also depicted in Figure 2A is a nulti-layer passivation
| ayer 14. sklivohhexytfeiddt GIOBX aitjpdoa nitride, silitdnk -caghyermijpids SEMAN), e, liapay
14 is conprised of a layer of silicon-carbon-nitride (BLOK) 302

havi ng an fakt WshitRidsy 8 Adus B0886 naf, adl AUhayl QO BabeifSmlifs ARAHOR of
the |l ayer of insulating materi al 10, a | ayer of silicon dioxide 14B

havi ng an yj ] i.cknes t 0 hat, \rsyf or. 1
t he | ayer @égpg'%ﬁé)%m}{g@;e?ésg%s’ Iglrgel ((S:“(\)/(rgj na? rﬁd%§%4%%%@ﬁgme{%))’ ¥ rﬁ%ﬁ?ﬁn
illﬂftratiVE t hi,ckness gf ?bout 400 nmthat is fornmed on the |ayer
14B!0 Al t er$iAR40 VHSIOBF PETUSIPICeEE passi vation | ayer 14 have been
previ ously discussed. The layers 302, 14B and 14C may be formed using
traditional deposition processes, such as CVD processes. In Figure
3A, one or nore etching processes have been perfornmed on 10 the

passi vation | ayldenlas shhonoudhguae Bat ¢ beaiedrapbsinateaylenydr?ds is fowmal, The
e.g., a photoresist nmask, to renove less than all of the materi al

| ayers t hafeat@ltsblel atdial DU iniayl RY&nRASS b¥ atvhBéty lofiyieiterlkds, ¢ BNgsiyimide,
etching processes result in the formation of recesses 304 in the
passi vati A B3PS P i ; r 214t he

in cont acﬁﬁ %b?%ﬁ{xﬁ%é?g%g&cti \7e‘_ﬁ%aghriéz‘Hgé;tdéa %@l@ﬁég‘fg%é?é yoé?nzsigl lz}t Plr?gééﬁg/
mat eg i al 15 . ... Then,..as.,sho in.Figure, 3B, the heat-curabl e
o 1 a9y piialy AR 2 R MAGOR O kG e MBS BERENEARae
things, the fjrst_layer 302 acts to protect the underlyjng conductive
pads 12 frigfh thﬁ‘@a@ﬁﬁdés‘i{)ﬁa%ea QaUtPgt PIBFESE Rhf ISRBERIER CBUPT kgARRl. about
formati on of the polyimde |ayer 18 using the prior art process flow
depi ct ed i30F¢.glgr @xe the heat-cpgrbie material layer 218, In some case, the heat-curable

material layer 218 may have a thickness of about 2-10 microns. Among other things,
the protective layer 202 acts to protect the underlying conductive pads 12 from the
20 undesirable oxidation that occurred during the heating process that is performed to cure

the polyimide layer 18 using the prior art process flow depicted in Figures 1A-1F.

Figure 2D depicts the device 200 afler the heat-curable material layer 218 has

been patterned using known photolithography and etching techniques. More

11




Figure 3C depicts the device 300 after the heat-curable materi al

| ayer 218 has been patterned using known photolithography and etching
techni ques. Mrre specifically, one or nore etching processes are
performed through a patterned photoresist mask (not shown) fornmed
above the heat-curable material |ayer 218 to formthe patterned

heat - cur abkgclfRuBY| 8he | @Y &lor@ 13Ai€le Piredesstsi AreFp@istned Cthrilgptt 2 @stterned
shown in Figure 3D, an etching process is perfornmed on the | ayer 302

5 through Fﬁlﬁm%@i%tto gﬁa@@ob%w wrAh %b&%t@% h@dthc!uf‘%?é' mﬁﬂeﬁ@i P08 M i

patterned [ ayer A depicted’ in Figure Thi s etching process

dopi ot s t haaalrEt hET-BRPE Ade i 2RI RERERT FLAR 20 Pam 10

| ayer 20 is bl anket-deposited across the device 300. The UBM | ayer 20
may be conprised of nultiple |ayers of material and it nay be forned
by perform ng one or nore deposition processes. In one exanple, the
UBM Bayer 20 nmaiebie as ety @elgg‘@ﬁ 2&n 2 giching| proegyeis performedian din gragetive
shown) having a thickness of about 50-300nm and a | ayer of copper
(not shown)aybaXinigraughhhe patesiseddicantionitle H00erH0 Myan? {4 e tbrontht Ipatterned

| ayer of 15 titaniumor titaniumtungsten. The UBM | ayer 20 may be

formed by peidQrETRE: 20VRUESEN] A FIgRRWE t SRR EHIESproBesd expdi¥s portions of
perform ng one or nore physical vapor deposition (PVD) processes.

Then, as SP%%%S&%ggkgg&gmﬁégﬁggga &E&Qﬁ% mask | ayer 22, e.g., a

phot oresi s i ove tfhe device 300 and conductive
material 24 for the conductive bunp is forned on the device 300. In
one illustrative exanple, a plating process is performed to forma
| ayer of nickel (not shown) on the exposed portjons of the deyice 300
fol I18wed by anoFisare BF alopirtp Pregtics d0Naafiqr giewerat REOCHS| Roegttionp dave been
conductive materi al

performed.  First, an under-bump metallization (UBM) layer 20 is blanket-deposited

across the device 200. The UBM layer 20 may be comprised of multiple layers of
material and it may be formed by performing one or more deposition processes. In one
example, the UBM layer 20 may be comprised of an initial layer of titanium (not
15 shown) having a thickness of about 50-300 nm and a layer of copper (not shown)
having a thickness of about 100-500nm formed on the layer of titanium or a layer of
titanium-tungsten.  The UBM layer 20 may be formed by performing a variety of
known techniques, e.g., by performing one or more physical vapor deposition (PVD)
processes. Then, with continuing reference to Figure 2F, a patterned mask layer 22,
20 e.g., a photoresist mask, is formed above the device 200 and conductive material 24 for
the conductive bump is formed on the device 200. In one illustrative example, a plating
process is performed to form a layer of nickel (not shown) on the exposed portions of
the device 200 followed by another plating process that forms the bulk of the

conductive material 24. In one illustrative example, the conductive material 24 is

12



24. In one illustrative exanple, the conductive material 24 is
conprised of tin-silver, but other materials, such as SnCu or SnAgCu,
may al so be used. Figure 3G depicts the device 300 after additional
process operations have been 5 perfornmed. Initially, the patterned
mask | ayer 22 (see Figure 3F) is renoved. Thereafter, a heating or

refl ow prog@sgrided dretid-ouveRdowMtitdt mesthlb Ssuch dshend0biBAASDL,Ofay Ao be
illustrative conductive bunps 24B shown in Figure 3G The particular

enbodi ment g, di scl osed above are illustrative only, as the 10

i nvention may be nodified and practiced in different but equival ent
manners apparent to those skilled in the art having the benefit of

t he Leachings herein. For exanple, the process steps set forth above
may be perforned in a different aorder. Furthernore, no limtation
are intended t0F$W§3HQKEPW§tB?d%ﬂﬁ%@@%é@?ﬁ%ﬂBVmHB@PGﬁsH@F@Wﬁ“éﬁﬁﬁﬁ?ml
ot her than as described in the clainms below. It is therefore evident
t hat 5t he paetforoeldar Iisabpbtei pattarseddingsk olpel 3B olvee Hagurd el tsereeP e
nodi fied and all such variations are considered within the scope and
spirit of therchfrentibaing dkaehewippgdeys istgeefophod edidharsidwugliic foemeiion 66
as set forth in the clainms below CLAIMS WHAT IS CLAI MVED: 1

A nethod, QQITRLISHDE comfulivh hiln R LEPUGHIiN BiRadaen a |ayer of
insulating materi al;
As can be seen in Figure 2G, the novel device 200 disclosed herein includes
10 first and second spaced-apart conductive pads 12 positioned in a layer of insulating
material 10, first and second spaced-apart under-bump metallization layers 20 that are
conductively coupled to the first and second conductive pads 12, respectively, and first
and second spaced-apart conductive bumps 24B, each of which are conductively
coupled to the first and second under-bump metallization layers 20, respectively. In
15 this example, the device 200 further includes a passivation layer positioned above the
layer of insulating material 10 between the first and second spaced-apart conductive
bumps 24B and a protective layer 302 positioned on the layer of insulating material 10,
wherein the protective layer 302 extends between and contacts the first and second
under-bump metallization layers 20.
20
Figures 3A-3G depict another illustrative process flow disclosed herein for
forming conductive bumps for a semiconductor device 300. Figure 3A depicts the
novel device 300 at an early stage of manufacture. As shown therein, a plurality of

spaced-apart conductive pads 12 are formed in a layer of insulating material 10.  Also

13



form ng a passivation |ayer above said conductive pad and said | ayer
of insulating material; perform ng at | east one etching process
on sai d passivation |layer to define an opening in said passivation

| ayer that exposes at |east a portion of said 1Oconductive pad;
formng a protective |ayer on said passivation |ayer, in said opening
and on sai degixfedseFigues RAOK aohuliBlagerqoedudionveygad, hohaidegicd example,
heat - curabl e material |ayer above said protective |ayer;

per forning tiﬁé“mﬁftflfﬁ&&g%ﬁ&%ﬁ&ﬁla‘?&' $@iid chiRpliscaWrab et 8ilical-cArBYRhitkde
define a 15patternéd heat-curable material |ayer having an opening

that exposegr Aiholobi i 0f oS ARl RS da%et: |REREORT A%t on the

et ching procéess’to renove exposed portion of said protective
| ayer to t?ereb .expase at | t ortion of said c nguctive. ad; .
and af ter  FERbOY HGUBHE BRFIECY: BdeTai SreCadBRHE ot pies fayRTtaive
form ng a 20conductive bunp that i s conducti velﬁy coupled to said |
conddct i ve tiglgness of about $50 nRdhatds fsared pn dhealarsr302vand redpyerfod siticay niefle)
heat - curabl e nmaterial |ayer above said protective |ayer conprises
deposi t i ng l4CHesingcanrilbiteativatleckrebs ddabosh#td hmathatcis fained oratherlayalr 14B.
| ayer and perform ng a heating process to cure said heat-curable
Alternative materials for the passivation layer 14 have been previously discussed. The
layers 302, 14B and 14C may be formed using traditional deposition processes, such as
CVD processes. [n Figure 3A, one or more etching processes have been performed on
10 the passivation layer 14 thorough a patterned mask layer (not shown), e.g., a photoresist
mask, to remove less than all of the material layers that make up the multi-layer
passivation layer 14. These etching processes result in the formation of recesses 304 in

the passivation layer 14 and expose portions of the layer 302, the layer in contact with

the conductive pad 12 and the layer of insulating material 10.

15
Then, as shown in Figure 3B, the heat-curable material layer 218, as discussed
above, is formed. Among other things, the first layer 302 acts to protect the underlying
conductive pads 12 from the undesirable oxidation that occurred during the formation
of the polyimide layer 18 using the prior art process flow depicted in Figures 1A-1F.
20

Figure 3C depicts the device 300 after the heat-curable material layer 218 has
been patterned using known photolithography and etching techniques. More

specifically, one or more etching processes are performed through a patterned

14



material for said heat-curable material |ayer while said protective

| ayer is positioned on said exposed portion of said conductive pad.
3. The nethod of claiml, wherein form ng said passivation |ayer
above 5sai d conductive pad and said | ayer of insulating materi al
conprises formng a multi- |ayer passivation | ayer above said

conduct i veppatdregistmaski (@ol shyem) drmied sibbat tho Gearatuenbladnaterial layer 24 8 td fiem
nmet hod of claim 3, wherein said nmulti-|layer passivation |ayer is

conprised gfe p%ttéﬂnéé Bedt@ﬁ?a'bl&ﬁé]@ﬁ&ﬁ@ﬁsl ofis&idepieRd.in 6AROTC.ANd ni trogen
formed on sai'd 10l ayer of insulating material, a second | ayer

conprised of silicon dioxide forned on said first | ayer and a third
| ayer conprised of silicon nitride formed on said second | ayer.

5. The method of, claim 1, rei ornl sai d condu t|v S

| ayer of insul a&eﬁb Bt g’ih[? t‘fr}g[i‘%ﬁn‘r?ﬁesé 1% B \?ﬁ%g%haye‘-’ %
conprised of copper in 15said |ayer of nsul ati ng nater

The et hodthepughl Hierpatterngd dreat- ﬁurﬁ%]ﬁrﬁlﬁ@“%la fayerc b de fouan Blemﬁa“emed 1ayef

302A depicted in Figure 3D. This etching process exposes the conductive pads 12 for

further processing.

Figure 3E depicts the device 300 after an under-bump metallization (UBM)

10 layer 20 is blanket-deposited across the device 300. The UBM layer 20 may be
comprised of multiple layers of material and it may be formed by performing one or

more deposition processes. In one example, the UBM layer 20 may be comprised of an

initial layer of titanium (not shown) having a thickness of about 50-300nm and a layer

of copper (not shown) having a thickness of about 100-500 nm formed on the layer of

15 titanium or titanium-tungsten. The UBM layer 20 may be formed by performing a
variety of known techniques, e.g., by performing one or more physical vapor deposition

(PVD) processes.

Then, as shown in Figure 3F, a patterned mask layer 22, e.g, a photoresist

20 mask, is formed above the device 300 and conductive material 24 for the conductive
bump is formed on the device 300. In one illustrative example, a plating process is
performed to form a layer of nickel (not shown) on the exposed portions of the device

300 followed by another plating process that forms the butk of the conductive material

15



conprises formng a conductive bunp conprised of tin and silver,

SnAg, or SnAgCu. 207.The nethod of claim11, wherein, prior to formng
sai d conductive bunp, form ng an under bunp netallization |ayer that
contacts said conductive pad, said protection |layer and said
patterned heat-curable material |ayer. 8. The nethod of claim]1,

wher ei n f g¥ni higomsailldstpative esninpls, thayeenduntivs anajerd 3dgs cvmpiisad dfdyesilver,
conpri ses depositing a protective |ayer conprised of one of silicon
di oxi de orbisbltHee anateddisl bushras d@CH S OlhgCs,i iagaBometusedde (Si N) or

silicone carbon nitride (S CN) on said passivation |ayer. 9.
The met hod of claim@8, wherein said protective |layer has a thicknes
of 520-300 nm 10. The method of claim1, wherein said

heat - cur abl e ef | I | S inS . i [
e oo TSl B S SRR B W B
5 performed. Initially, the patterned mask layer 22 (see Figure 3F) is removed.

Thereafter, a heating or reflow process is performed which results in the formation of

the illustrative conductive bumps 24B shown in Figure 3G.

The particular embodiments disclosed above are illustrative only, as the

10 invention may be modified and practiced in different but equivalent manners apparent
to those skilled in the art having the benetit of the teachings herein. For example, the

process steps set forth above may be performed in a different order. Furthermore, no
limitations. are intended to the details of construction or design herein shown, other than

as described in the claims below. It is thercfore evident that the particular

15 embodiments disclosed above may be altered or modified and all such varations are
considered within the scope and spirit of the invention. Accordingly, the protection

sought herein is as set forth in the claims below.
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first and second spaced-apart conductive pads positioned in a |ayer
of insulating material; first and second under-bunp netallization

| ayers that are conductively coupled to said first and second
conductive pads, respectively; 15first and second spaced-apart
conductive bunps, each of which are conductively coupled to said
first and second under-bunp netal liz&LAIMS ayers, respectively; a
passi vation | ayer positioned above said | ayer of insulating materi al
bet ween saMIHAT B ChAdVERIeond spaced- apart conductive bunps; and 20a
protective | ayer positioned on said |ayer of insulating material,
said protective |ayer extending between and contacting said first and
second under - bunp netallization | ayers. 12. The device of claim11,

wherein said pretectiyy, npri sed of 25one of silicon
di oxi de or SI|I20H oxy uor?ﬁwhﬁgﬁg silicon nitride (SiN) or

sili Gone car bonf %tirqgl, a con&!ucta\ebpad in a layer of insulating material;

forming a passivation layer above said conductive pad and said layer of
insulating material;
performing at least one etching process on said passivation layer to define an
opening in said passivation layer that exposes at least a portion of said
10 conductive pad;
forming a protective layer on said passivation layer, in said opening and on said
exposed portion of said conductive pad;
forming a heat-curable material layer above said protective layer;
performing an etching process on said heat-curable material layer to define a
15 patterned heat-curable material layer having an opening that exposes a
portion of said protective layer;
performing an etching process to remove said exposed portion of said protective
layer to thereby expose at least a portion of said conductive pad; and
after removing said exposed portion of said protective layer, forming a

20 conductive bump that is conductively coupled to said conductive pad.
2. The method of claim 1, wherein forming said heat-curable material layer

above said protective layer comprises depositing a heat-curable material for said heat-

curable material layer and performing a heating process to cure said heat-curable

17



20-300 nm 514. The device of claim 11, wherein each of said first and
second gate spaced-apart conductive bunps are conprised of tin and

silver, SnAg, or SnAgCu. 15. The device of claim 14, wherein
first and second spaced apart conductive pads are conprised of
copper. 10 The device of claim1l wherein said paSS|vat|on

layer is alHfrta fqré?/‘é‘rheﬁ%t%f‘l?)ﬁﬂ%‘ﬁ‘aﬂ Kyer whibhgd Bedecve yer sdrositigped on
conprised of silicon, carbon and nitrogen fornmed on said | ayer of
insulatingSﬁéﬁew¥@¢pO@EQ@@@th@@#@ﬁWt@Wbrised of silicon dioxide
formed on said first layer and a third | ayer conprised of silicon
nitride fornmed on said 15second | ayer. 17. The device of claim
16, wherein said protective layer is fornmed on said third |ayer.

2018. The devi ce3of cirfi Mekilod SUERRET, GAIRIA BrBn A s18 PhstHiBR!18yer above
material | ayer
5 said conductive pad and said layer of insulating material comprises forming a muiti-

layer passivation layer above said conductive pad and said layer of insulating material.

4, The method of claim 3, wherein said multi-layer passivation layer is
comprised of a first layer comprised of silicon, carbon and nitrogen formed on said
10 layer of insulating material, a second layer comprised of silicon dioxide formed on said

first layer and a third layer comprised of silicon nitride formed on said second layer.

5. The method of claim 1, wherein forming said conductive pad in said
layer of insulating material comprises forming a conductive pad comprised of copper in

15 said layer of insulating material.

6. The method of claim 1, wherein forming said conductive bump

comprises forming a conductive bump comprised of tin and silver, SnAg, or SnAgCu.

20 7. The method of claim 1, wherein, prior to forming said conductive bump,
forming an under bump metallization layer that contacts said conductive pad, said

protection layer and said patterned heat-curable material layer.

8. The method of claim 1, wherein forming said protective layer on said

25 passivation layer comprises depositing a protective layer comprised of one of silicon

18



formed on said protective |ayer, said heat-curable material |ayer
extendi ng between and contacting said first and second under-bunp
netallization |ayers. 19. The device of claim 18, wherein said

heat - curabl e nmateri al Iayer i's 25conprised of one of polyimde and
pol ybenzoxadi azi ol e ( PBO 20. A nethod, conprising: formng
a conduct i @aemﬁa@rusrlwanloayﬂwmeﬁe (SHQE) atlican miaide (FAY); or silicone carbon nitride
founing a nmulti-layer passivation |ayer above said conductive pad and
above 5sai @GiCHYyer sod passsualion laggr. material, a first |ayer of said

mul ti-layer passivation |ayer being in contact with said conductive
pad and said | ayer of insulating material; performng at |east one

et chi ng processy.on SHiedmetibd iof YR8, pasinvalid protdciiyetayephas a thickness of
renove at | east one |layer of said nmulti-|ayer passivation |ayer, said
at 16l eastymngy ghchi ng process defining an etched passivation | ayer
havi ng a

10.  The method of claim 1, wherein said heat-curable material layer is

comprised of one of polyimide and polybenzoxadiaziole (PBO).

10 11, A device, comprising:
first and second spaced-apart conductive pads positioned in a layer of insulating
material;
first and second under-bump metallization layers that are conductively coupled
to said first and second conductive pads, respectively;

15 first and second spaced-apart conductive bumps, each of which are conductively
coupled to said first and second under-bump metallization layers,
respectively;

a passivation layer positioned above said layer of insulating material between
said first and second spaced-apart conductive bumps; and

20 a protective layer positioned on said layer of insulating material, said protective
layer extending between and contacting said first and second under-

bump metallization layers.

12.  The device of claim 11, wherein said protective layer is comprised of
25 one of silicon dioxide or silicon oxyfluoride (SiOF), silicon nitride (SiN) or silicone

carbon nitride (SiCN),
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recess that exposes at |east a portion of said first layer; formng a
heat - curabl e material |ayer above said etched passivation |ayer and
sai d exposed portion of said first |layer; performng an etching
process on said heat-curable naterial |ayer to define a 15 patterned
heat -curabl e material |ayer having an opening that exposes a portion
of said etched passivation |ayer and said exposed portion of said
first layer; performng an etching process to renove said exposed
portion of saidl¥.irsthe dgese afcclaimelZ wheesiup e paatedtivadtyen hpoa thidmess of
sai d conductive pad; and 20after renoving said exposed portion of
said first20-a¢®enm. form ng a conductive bunp that is conductively
coupl ed to said conductive pad. 21. The nethod of claim 20,
wherein form ng said heat-curable material |ayer above said etched
passivation | ayer and said exposed portion of said first |ayer

conpki ses depos{f | ”%ﬂfﬁéﬁ%%@%ﬁm”ff,%h&%mf Qarchscff‘ ShidgRl Gl aRb&a gate
material |ayer and pertormng a heati’ng process to cure said
heat - cur abl e terial

for said heat-curable. materi al _| er il sai d
o onscd oorr SR Sative Potrs Apapraegel i BB SaRker e e
pad.

15. The device of claim 14, wherein first and second spaced-apart

conductive pads are comprised of copper.
10

16. The device of claim 11 wherein said passivation layer is a multi-layer
passivation layer comprised of a first layer comprised of silicon, carbon and nitrogen
formed on said layer of insulating material, a second layer comprised of silicon dioxide
formed on said first layer and a third layer comprised of silicon nitride formed on said

15 second layer.

17.  The device of claim 16, wherein said protective layer is formed on said

third layer.

20 18.  The device of claim 11, further comprising a heat-curable material layer
formed on said protective layer, said heat-curable material layer extending between and

contacting said first and second under-bump metallization layers.

19.  The device of claim 18, wherein said heat-curable material layer is

25 comprised of one of polyimide and polybenzoxadiaziole (PBO).
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5 22. The nethod of claim 20, wherein formng said nulti-I|ayer
passivation | ayer conprises formng a first layer conprised of
silicon, carbon and nitrogen on said |ayer of insulating material,
form ng a second | ayer conprised of silicon dioxide on said first

| ayer and formng a third | ayer conprised of silicon nitride on said
second 10l ayer. 23. The nethod of claim 20, wherein fonning
said conductive pad in said |ayer of insulating material conprises
form ng a conduéti veApadhedrpmpsisdgof copper in said | ayer of

insulating material. 15 24. The nethod of claim 20, wherein
form ng sai d cofigudtg ¥ eoruepreqaiipn hdegr bdmsulagnameaeriact i ve bunp
conprised of tin and silver, SnAg, or SnAgCu. 25. The net hod

of claim 20, whesgiify &ahelinSal passivdtiot 1BRabbat shid¥Bhdictive Pa@HRA B6¢k
of one of polyimde and pol ybenzoxadi azi ol e (PBO) .

5 said layer of insulating material, a first layer of said multi-layer
passivation layer being in contact with said conductive pad and said
layer of insulating material;

performing at least one etching process on said multi-layer passivation layer to
remove at least one layer of said multi-layer passivation layer, said at
10 least one etching process defining an etched passivation layer having a
recess that exposes at least a portion of said first layer,
forming a heat-curable material layer above said etched passivation layer and
said exposed portion of said first layer;
performing an etching process on said heat-curable material layer to define a
15 patterned heat-curable material layer having an opening that exposes a
portion of said etched passivation layer and said exposed portion of said
first layer;
performing an etching process to remove said exposed portion of said first layer
to thereby expose at least a portion of said conductive pad; and

20 after removing said exposed portion of said first layer, forming a conductive

bump that is conductively coupled to said conductive pad.

21.  The method of claim 20, wherein forming said heat-curable material

layer above said etched passivation layer and said exposed portion of said first layer
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comprises depositing heat-curable material for said heat-curable material layer and
performing a heating process to cure said heat-curable material for said heat-curable
material layer while said exposed portion of said first layer is positioned on said

conductive pad.

22, The method of claim 20, wherein forming said multi-layer passivation
layer comprises forming a first layer comprised of silicon, carbon and nitrogen on said
layer of insulating material, forming a second layer comprised of silicon dioxide on
said first layer and forming a third layer comprised of silicon nitride on said second

layer.

23.  The method of claim 20, wherein forming said conductive pad in said
layer of insulating material comprises forming a conductive pad comprised of copper in

said layer of insulating material.

24, The method of claim 20, wherein forming said conductive bump

comprises forming a conductive bump comprised of tin and silver, SnAg, or SnAgCu.

25, The method of claim 20, wherein said heat-curable material layer is

comprised of one of polyimide and polybenzoxadiaziole (PBO).
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