ELEVATED BOND-PAD STRUCTURE FOR HIGH-DENSITY FLIP-CHIP
PACKAGING AND A METHOD OF FABRICATING THE STRUCTURES
BACKGROUND OF THE INVENTION (1) FIELD OF THE INVENTION The
present invention relates to the fabrication of integrated circuit devices on
semiconductor chips, and more particularly relates to making improved
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useful for increasing the density of the input/output (1/0) bond pads on a chip
while reducing electrical shorts between closely spaced (adjacent) solder
balls (bumps) on the array of pads. The elevated bond pads increase the

spacing between chipagiéssubstasesiuring penginpdng improved under-fill
flow rates, and also reduce Alpha (a) particle emission from Pb/Sn solder

balls or bumps into the semiconductor chip. (2) DESCRIPTION OF THE
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a substrate, such as a circuit board, including ceramic substrates, and the
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volume-to-surface area of the solder is maximized and the solder forms a
byjlsy BriBa I i Y WFRIM YR 6 A: of the bond pad is reduced and hence
the wetting surface is reduced in size, the lead balls are also smaller (e.qg.,

< ip,is.honged to the substrate, the reduced spacing
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e substrate makes it more difficult to under-fill
betwédemetizetglegpsatheréHers been a renewed interest in replacing the conventional

wire bond techniques with flip-chip bonding techniques to increase circuit performance
and reduce package size. In the flip-chip method lead/tin (Pb/Sn) solder balls (or
bumps) are formed on an array of bonding pads on a chip, and the chip is mounted
(soldered) upside-down to a substrate, such as a circuit board, including ceramic
substrates, and the like. In recent years advances in the semiconductor process
technologies have dramatically decreased the semiconductor device feature sizes and
increased the circuit density of the integrated circuits on the chip. As a consequence
this increase in circuit density has resulted in increased density of the array of I/O pads
on the chip, with reduced spacing between adjacent pads and reduced pad areas.
Because of surface tension, the volume-to-surface area of the solder is maximized and
the solder forms a bead or ball (bump). When the area of the bond pad is reduced and
hence the wetting surface is reduced in size, the lead balls are also smaller (e.g., <100
um). When the chip is bonded to the substrate, the reduced spacing between the chip

and the substrate makes it more difficult to under-fill between the chip and the
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substrate (circuit board) with Epoxy+filler to strengthen the solder joints and
seal the chip on the "circuit board.”" Numerous methods for making bonding
pads for both wire bond and flip-chip bonding have been reported in the
literature. For example, one method for wire bonding is described in U.S.
sybatiait (NocE!3redby B Epoxiolillet &, smendilsh Hre Apldeujainey Wdridapdlris
chipes iR MpQYEe,Hagiadhesion of the wire-bond solder to the underlying Cu
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nickel (Ni) on the underlying Al pad to prevent oxidation. A solder bump pad
WiRitheMForBaTEMHE! MUKET 1RV P Aeeried. 81578, YBIPBYits FORFarP
irejengaiankpidiaristiucsura s desey ymkdovifliprghaipt bondinghdhs aeibportion

of the pillar is r to reduce alpha particles, and the upper poytion i
s D R R OIS PN el et ST e BBy
fagliditirig) bldeower anvchadong Meghodstirmdpling s¢kdnf-ahgadprdingaokrlvdadpad for

PRIGHIELIRSHVTYY RS RUGH IR SERAAUM R EPIRS LYOAWHRE ({AENANP
U.S. Patent No. 6,770,547 BI to Inoue et al., a method is described for
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npkice ssdeoiplessitifip-chip bonding that allows defective chips to be replaced on
the circuit board, and also avoids alpha particle thereby preventing soft errors in the
semiconductor circuit. Several Patent Application Publications have been identified
that address the flip-chip technology. In Pub. No. U. S. 2002/0121692 Al to Lee et al.,
a method is described to form closely spaced (fine pitch) pillar solder bump pads on a
chip for flip-chip bonding. Pub. No. U. S. 2004/0157450 Al to Bojkov et al. describes
a method for directly bonding solder bumps to copper studs.
However, there is still a strong need in the semiconductor industry to improve

the bonding pad structure for flip-chip (lead bump) technology for high-density

integrated circuits without significantly increasing manufacturing process complexity.

SUMMARY OF THE INVENTION

A principal object of this invention is to make an array of improved bond-pad



SUMMARY OF THE INVENTION A principal object of this invention is to
make an array of improved bond-pad 2 structures on chips for increased
density when flip-chip bonding (soldering) a chip to a substrate, such as on a
circuit board or a ceramic substrate. A second object of this invention is to
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the silicon chip. A third object of this invention is to make sidewall spacers on
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~bond pads and lead/tin (Pd/Sn) bumps are formed prior to dicing the

insgrie SRRt IEnsiip atbifectirippdrarecatéc M ahapt Brarps adiryrirb artBidance
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flip-chip bonding to a circuit board or ceramic substrate. In the flip-chip method the
bond pads and lead/tin (Pd/Sn) bumps are formed prior to dicing the semiconductor
substrate to separate the individual chips (die).

In accordance with the objectives of this invention the method for forming these
elevated bond-pad structures by a first embodiment begins by providing a
semiconductor substrate having an array of semiconductor chips, each chip has an
array of top metal pads that are formed in recesses and are planar with a first
insulating layer on the substrate. A second insulating layer is formed over the top
metal pads with openings to top surface of the top metal pads. A key feature of this
invention is to form elevated bond pads in the openings. The elevated bond pads
extend above the surface of the second insulating layer to provide exposed sidewalls
on the elevated bond pads to increase the height of the chip over the substrate (circuit
board) during flip-chip bonding. Another key feature is to form sidewall spacers on
the sidewalls of the elevated bond pads to reduce electrical shorts between adjacent

bond pads during soldering. A further advantage of the sidewall spacers is to



invention is to form elevated bond pads in the openings. The elevated bond
pads extend above the surface of the second insulating layer to provide
exposed sidewalls on the elevated bond pads to increase the height of the
chip over the substrate (circuit board) during flip-chip bonding. Another key
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BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1 through 7 show schematic cross-sectional views of an upper portion of
a chip for the sequence of process steps for making the elevated bond pads by a first
embodiment.
Figs. 8 through 14 show schematic cross-sectional views of an upper portion of
a chip for the sequence of process steps for making the elevated bond pad by a second

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The method for making an array of elevated bond pads is described in detail for
a first embodiment. Although the method is described for making an array of elevated

bond pads on a chip, only a portion of a substrate having a single bond pad is depicted



embodiment. Figs. 8 through 14 show schematic cross-sectional views of an
upper portion of a chip for the sequence of process steps for making the
elevated bond pad by a second embodiment. DESCRIPTION OF THE
PREFERRED EMBODIMENTS The method for making an array of elevated
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first insulating layer 14 to form the top metal pads 18 for the array of pads on
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the top metal pads 18. Referring to Fig. 2, a relatively thin ‘conformal second
p%rgﬂﬁe@y&%ﬁlg Ggic material, and is dep051ted to a thickness of between about

1000 and 20000 Angstroms. Openings 22 are etched in the second insulating layer 20
to top surface of the top metal pads 18.

Referring to Fig. 2, a relatively thin conformal second barrier layer 24 is
deposited in the openings 22. The second barrier layer is preferably Ta/TaN and is
deposited to a thickness of between about 100 and 1000 Angstroms.

Referring to Fig. 3, the second barrier layer 24 is anisotropically etched back to
expose the top surface of the second insulating layer 20 and concurrently to expose the
top surface of the top metal pads 18 for electroless plating. As a consequence of
anisotropic plasma etching, portions of the second barrier layer 24 are retained on the
sidewalls of the openings 22.

Referring to Fig. 4, one key feature of this invention is to form elevated bond
pads 26 in the openings 22. The elevated bond pads 26 are preferably formed by
electroless plating copper in the openings 22. As the surface area of the elevated bond
pad decreases (to accommodate more bond pads), the height H of the bond pad is

increased to compensate for the reduced height (diameter) of the lead ball 32, shown



deposited in the openings 22. The second barrier layer is preferably Ta/TaN
and is deposited to a thickness of between about 100 and 1000 Angstroms.
Referring to Fig. 3, the second barrier layer 24 is anisotropically etched back
to expose the top surface of the second insulating layer 20 and concurrently

lagrepige ThB oy s faseriflthéhoplevetsl padis2pgaforfetasidiegstipkithass As

sEFHFQEREEA LSRG Qﬂoa@@et@ﬁue@me&sﬁmgmgﬁﬁgn% ﬁ@eé%cﬁ’élghb%ﬁ 1er
layer 24 are retained on the sidewalls of the openings 22. Referring to Fig. 4,

aUﬁ%Sk%V%@afB?a BTN RS fohd Bt M BRE A8 BT ROHE
thepaoiilg R Zheldlevalevated bongd Ipwdﬁlaﬁ Iaracpﬁefarabbkfwﬁmeq)émngs (not
elec role plating. co per in.the nings surfa e ar
e evate SBC ne Aa% dé% crégstgg ?{gp a%c %d%%e mo(?eS CS%dIB%{geS a eélght
2¢4poiotiie M@n@gpa@h@g nereadtdreonconibepleiteciost ihasked tes In@gm

(dlamé%&a(%%%lgaﬂ halhign MR BFEGL Ta RN NGURFEX@TRIR, the

eIevate(%p s 26 are formed to a thickness sufficient to extend above the
sideipralls At e sdeddith hned Btig2aye rot cfosde AsichsBe it hebtegradiiseihan
b&mpam&ﬁm@smslﬁ{gownel Riffdgall.spdternas\velycio tbettardﬂ@nﬁeinthetmgﬂle
of th ate ads 26 atterne reS|st ask |n s (not
O B B B Ees M A A BER AR
mri"sala%mﬁllay@p\@@l prHgrete %mngABMn@wdqmmlm@ remiosvdating Fhiotoradist

2R AHATY %B@'&Qhﬁﬁfﬁﬂ&” §ifo 15&91&1?5‘%%?95'&%%&%6%}1}&@1 ISxiadferm

S|dewall spacers 28 on the sidewalls of the elevated bond pads 26 to reduce
SHRMEES HBASMB RIS deapadentorotir s rhecsBiRtn g% ARt hall

Aa@aeaﬁs 28 pigvenidhadeadiith enrewaltipacauion fesidasotdhepaomh
dscﬁysm shorts b,etwe(?1 (%9 tbond pads, as shown in Fig. 7. The

Z1n urin StOI’ 110110 S%f
Sp erse8 Are fSrmBd epo ing an insulating layer and

anlso&cfproawcplagrrfa etshing belck-bTing imstlhingy layerie prdferaitéd siliton

p&%%ﬁ%c?(o fliconIMDReANRL TG AYBLIS,FRRASICHIPRIRICKRESS PLReIYGEN
about 100 and 1000 Angstroms. Afurt er advanta é%@of the sidewall spacers

piefesrphedanitliHeysopperarsmaoXidighsgioulaer stobaysipribitisfilpvenipnd
shaading: fiRafgeingoiakigiph, wadaamd@yebw&matﬁum@y layenB3Qrishe

hg O%ft?sdfé‘”d atter@g%‘é’s'se&" BROLIONZAN 115 0P SRR 2L g S iyated
ads ayer

dlffusmn barrier layer is preferably CrCu, Ni(V), or the like, and is formed to a
thickness of between about 100 and 500 Angstroms, and, the solder-wetting layer is
preferably Au, Pt, Pd, Ag, Sn or Cu, and is formed to a thickness of between about 100
and 1000 Angstroms. The under-bump material multilayer 30 is preferably deposited
by PVD or electroless plating, and is patterned using a photoresist mask and plasma
etching to complete the elevated bond-pad structure by a first embodiment.

Referring to. Fig. 7, a schematic cross-sectional view of an elevated bond-pad
structure after forming the solder balls {bumps) 32 is shown. The solder balls 32 are
typically lead/tin (Pb/Sn). Also the increase in height H of the elevated bond pad is
depicted in Fig. 7.

The method by a second embodiment is similar to the first embodiment up to

and including the formation of the second insulating layer, as shown in Fig. 8.

Referring to Fig. 9, openings 40 are etched in the second insulating layer 20 to



preferably a multilayer that serves as an adhesion layer, a diffusion barrier
layer, and a solder-wetting layer. For example, the adhesion layer is
preferably TiW, Cr, Al, or the like, and is formed to a thickness of between

about 100 and 1000 Angstroms. The diffusion barrier layer is preferably
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Referring to Fig. 13, sidewall spacers 48' are formed on the first sidewalls 48,
and sidewall spacers 52' are formed on the second sidewalls 52. The spacers are
formed concurrently by depositing a conformal insulating layer, such as SiO; or SizNy,
and anisotropically plasma etching back the insulating layer to the top surface of the Al
bond pads 44. By reducing the top surface area of the elevated bond pads 44, the array
of solder bumps can be formed closer together.

Still referring to Fig. 13, as in the first embodiment, an under-bump material
multilayer 54 is deposited to provide an adhesion layer, a diffusion barrier layer, and a
solder-wetting layer.

Referring to Fig. 14, a schematic cross-sectional view of an elevated Al bond-
pad structure 44 after forming the solder balls (bumps) 56 is shown. The solder balls
56 are typically lead/tin (Pb/Sn). Also the increase in height H of the elevated bond
pad is depicted in Fig. 14.



Referring to Fig. 11, the first photoresist mask 46 is removed, for example by
aching in 02 or 03. A key feature of this second embodiment is to use a
second photoresist mask 50 and partial anisotropic etching to further reduce
the top surface area of the elevated bond pads 44, as shown in Fig. 12. This
resultylsdromnderfidewad 882 ptiidaclevhesa bohdopertked 4 ithheferiismipithe

pﬁf’i‘éﬂ@&’ QHbRIBIEFANHING: RillBSMRAIGIENSRS l%nﬁil&@ alahant 9IRS SHER AR
containing chlorine and/or BC13 and_ the like as commonly used in indus”ﬁ(@
(

chearsriR JXE Ry 4% iRVl Sputerd e dePisintetiosh e RiFs id &70aRS

iraegatisitlewall spacers 52' are formed on the second sidewalls 52. The spacers
are formed concurrently by depositing a conformal insulating layer, such as
SiO2 or Si3N4, and anisotropically plasma etching back the insulating layer
to the top surface of the Al bond pads 44. By reducing the top surface area
of the elevated bond pads 44, the array of solder bumps can be formed
closer together. Still referring to Fig. 13, as in the first embodiment, an
under-bump material multilayer 54 is deposited to provide an adhesion layer,
a diffusion barrier layer, and a solder-wetting layer. Referring to Fig. 14, a
schematic cross-sectional view of an elevated Al bond- pad structure 44 after
forming the solder balls (bumps) 56 is shown. The solder balls 56 are
typically lead/tin (Pb/Sn). Also the increase in height H of the elevated bond
pad is depicted in Fig. 14. 7 While the invention has been particularly shown
and described with reference to the preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in form and
details may be made without departing from the spirit and scope of the
invention. 8 What is claimed is: 1. A method for fabricating elevated bond
pads on semiconductor chips comprising the steps of: providing a
semiconductor substrate having an array of said semiconductor chips each



with an array of top metal pads, said top metal pads in recesses and planar
with a first insulating layer on said substrate; forming a second insulating

layer over said top metal pads and with openings to top surface of said top
metal pads; forming elevated bond pads in said openings and extending
aboveysurface, pispid second insulating layer, with exposed sidewalls on

said elevated bond pads; forming sidewall spacers on said exposed

sidewalls; and fesagfan wdeedimplanateriaobariaddayer saelectivelyt@n chips
the toHls rfa?e of éaid elevated bond pads wherein said under-bump

“matenat baerrslgmé)y'er is a multilayer of an adhesion layer selected from the

grouproidirtingeofiqanduger saheirak hagiffusionbaciepidyemiseluleidrfebips each
the group C%ﬁsgmgrﬁfy%q%}p NN}, ang %ﬁ%éﬂﬁ%ﬁr}ﬁ @X@srs&e!ﬁﬁt?qjanar

from the group consisting of An, Pt, Pd, Ag, Sri, and Cu. 2. The method o
claim 1, whefdh 4Ry ‘BeHABRIYEI RIPS Hhabahtegrated circuits (devices)
electricali ganiesiaddaaick thpanetat padsos mehe paethed efielaipenings to top
wherein said top enggtal. ‘P%ds n?rtglfoggsw.ed by depositing a conformal barrier
layer of Ta/TaN an ?ﬁhng Raid TelESses with copper. 4. The method of claim
1, whereimgaith seodhdndpadting Jayerpsnanduahiayse ofigilidovoxidiandf said
silicon nitridg. o5, tHiiawei. 0 pilicemgesiicenaittige silican edde.aRgalR:;
deposited to a thickness of between 1000 and 20000 Angstroms. 5. The
meth&yB@ sidsiallRareih Waig L revated Y budadre formed by:
deposdéimgha epniaenalihp/kanarrierilayeyand anisalyapicadyt@iching Hackaid

to leave said Ta/TaN barrier layer on the sidewalls of said apenings while .
s ersls bRt bl MELOR RS e SO PRI N s o
said top metatlipays irf saidopemingsr asldcald dtrolebs platingoospipes of TiW, Cr,

selectively in,3aid opgiHgs, dfizAidyeleyated LAY, Qﬁ@grmv&ﬂs%ﬁi@w&?éu

least greater than 800 Angstroms above top surface of said secon o
insulating I3k N &)l mhethdd-sretiamiay civirdreiil de Sleredrane spadyrag of

are formed Ry, Pt, Pd, Ag, Sn, and Cu.

2. The method of claim 1, wherein said semiconductor chips have integrated

circuits (devices) electrically connected to said top metal pads.

3. The method of claim 1, wherein said top metal pads are formed by depositing

a conformal barrier layer of Ta/TaN and filling said recesses with copper.

4. The method of claim 1, wherein said second insulating layer is a dual-layer of
silicon oxide and silicon nitride or a tri-layer of silicon oxide-silicon nitride-silicon oxide and

is deposited to a thickness of between 1000 and 20000 Angstroms.

5. The method of claim 1, wherein said elevated bond pads are formed by:

depositing a conformal Ta/TaN barrier layer and anisotropically etching back to leave
said Ta/TaN barrier layer on the sidewalls of said openings while exposing the
top surface of said second insulating layer and top surface of said top metal
pads in said openings; and

electroless plating copper selectively in said openings, and said elevated bond pads
have a height of at least greater than 800 Angstroms above top surface of said

second insulating layer.



depositing a conformal insulating layer of silicon oxide or silicon nitride
formed to a thickness of between about 100 and 1000 Angstroms, and
anisotropically etching back said insulating layer to top surface of said
elevated bond pads. 7. The method of claim 1, wherein said under-bump
matefial barkier laythog efepbsied. anboprittestiddsidinglls pinetoresist teaskdoby
ASBVEMROTIRBRIOAAPIWIALE Afpaid relavaied bapdPads - AinetRhiar o a
fabricating elevated bond pads on semiconductor chips co_mPrisin the steps.
ek prov i RGH4esB AReBh It B sLEStaRs HatRn g AR My ofisally etching back said
irsemiiegnalctorcp psfeacht uidernadsdayaf papsmetal pads in recesses and
planar with a first insulating layer on said substrate; forming a second
insuldting laljes owtrashief tdpimdtaivpadsandiwitdagemngoastieb beuifadayof is
d&%Qt@E‘Pamﬁlﬁﬁk@ﬂgﬁ? &%@%‘%@t@r&%fﬁ{ﬁ@@%ﬁ'@é W&B&%%&L@H{l&aﬂy said
conducting layer and patterning to form elevated bond pads in and aligned
el@\V@F@QW%B%‘i‘ﬁngs and extending above the surface of said second
insulating layer with exposed first. sidewalls on sajd elevated bond pads; . .
Mo el e e G P A IS
coaguisagthe topsafface area and form second sidewalls on said elevated

bond pagsin oI WRg SINGYA SRARREL AN RAI] SXRPSE sl AR REERRhips cach

sidewalls; and forming an under-bump material barrier layer selectively on
the top surf3dE GR<HTaY SetpRder BbRAd dpSsrArere i d AN Nt At insulating
material bankgsrlayssitssabsailélayer of an adhesion layer selected from the
group, consistirgg ofc;riW, Cr, alnd Al, a diffldsion ba}r ieréayease.lt%cted fromt ‘
the groUp BoASieing SPERELE KNG NIV 4RdPR SHERITRRIY TADPSBIagtER P
from the groupg@endistidgopfmaal RERd, Ag, Sri, and Cu. 9. The method of
claim &, udigrein saifrsemicanductorching haye Itegraiey CHaHiSEayieeSina
electrically connected to said top metal pads. 10. The method of claim 8§;
wherein saiBd&net faasretethef mpdreBcuit idieacdaormid pegpiags and
layer of Ta/Eabhand filivg srRiIduiecRSSESNYItBceaPR®lating layer with exposed first

sidewalls on said elevated bond pads;

patterning said elevated bond pads by partial anisotropically etching to further reduce
the top surface area and form second sidewalls on said elevated bond pads;

forming sidewall spacers on said exposed first and second sidewalls; and

forming an under-bump material barrier layer selectively on the top surface of said
elevated bond pads wherein said under-bump material barrier layer is a
multilayer of an adhesion layer selected from the group consisting of TiW, Cr,
and Al, a diffusion barrier layer selected from the group consisting of CrCu
and Ni(V), and a solder-wetting layer selected from the group consisting of

Au, Pt, Pd, Ag, Sn, and Cu.

9. The method of claim 8, wherein said semiconductor chips have integrated

circuits (devices) electrically connected to said top metal pads.

10. The method of claim 8, wherein said top metal pads are formed by depositing

a conformal barrier layer of Ta/TaN and filling said recesses with copper.
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10 11. The method of claim 8, wherein said second insulating layer is a
dual-layer of silicon oxide and silicon nitride or a tri-layer of silicon
oxide-silicon nitride-silicon oxide and is deposited to a thickness of between
1000 and 20000 Angstroms. 12. The method of claim 8, wherein said

elevatéd bohbepaeibaskeffolamed. pyhertapessitisng e orsdatng MagT N Bugkitsyer of

siRsT ek AR QI IINY AR AWNINKIL Qb nSAROPERRRLHRING BolrSkide and
_photoresist mask and anisotropica Iﬁ;aetching to form said elevated bond
8

isgleaesyo I Sait oSy HMTD FOirediePAPS AREEHRANS on said elevated
bond, pads;.and usin cond photoresist mask.and partially anisotropically
etchity 10 1A Hd T O L ce T St e US el Do R e e o
said sepontngidevwelisron Saldal|byaterddondndatdsosfidesaidiiovaadbantd fill
pads have g figightaf.t least greater than 800 Angstroms above the top
surface of said second insulating layer. 13. The method of claim 8, wherein
said $iIBGANTEDRERIaYS oAt By A oRIEHY & EBR I TRSAIG G Y Agiebond
of silicon oxjdesavsilicon sptide fannediton siidkress i hstvreaidadouteiOshnd
and 1000 An t_rorgs, and anisotropically etching back to top surface of said
elevated bof %5‘85. 14. The method of claim 8, wherein said under-bump
materisihbarsispigydoiordep ositedahehpatiz mes using &y phdtogsisedneastatdop
leave portiogan. thetap e?%ﬁ@&f%ﬁaﬁ%gdse_éﬁ%%?ﬁm@Q&?&%m&%icﬁ»@a\gﬁt%ﬂ said

bond-pads on semiconductor chips comprised of: a semiconductor substrate
having an aftayp6f s2adsendicaidutaidr drtgied hamdvrifaiassray et P meitdsast

pads, said petatpads Booesassesrangbplanas wiphsarfusd dnshil@tiseptaly 8is@ating
said substrqteélg second insulating layer over said top metal pads and with
openings to %Bp surface of said top metal pads; said elevated bond pads in

said gpeninggand.gxienging.ahoye the suifage, of5aidh Sepedingdatifded by
layer, with sidewalls on said elevated bond pads;

depositing a conformal insulating layer of silicon oxide or silicon nitride formed to a

thickness of between about 100 and 1000 Angstroms, and anisotropically etching back to top

surface of said elevated bond pads.

14. The method of claim 8, wherein said under-bump material barrier layer is
deposited and patterned using a photoresist mask to leave portions on the top surface of said

elevated bond pads.

15. Elevated bond-pads on semiconductor chips comprised of:

a semiconductor substrate having an array of said semiconductor chips each with an
array of top metal pads, said metal pads in recesses and planar with a first
insulating layer on said substrate;

a second insulating layer over said top metal pads and with openings to top surface of
said top metal pads;

said elevated bond pads in said openings and extending above the surface of said
second insulating layer, with sidewalls on said elevated bond pads;

sidewall spacers on said sidewalls; and

an under-bump material barrier layer on the top surface of said elevated bond pads

wherein said under-bump material barrier layer is a multilayer of an adhesion

11



sidewall spacers on said sidewalls; and an under-bump material barrier layer
on the top surface of said elevated bond pads wherein said under-bump
material barrier layer is a multilayer of an adhesion 11 layer selected from
the group consisting of TiW, Cr, and Al, a diffusion barrier layer selected

from the grduysceitsihgoot Ge@roamdomNitu)g ahdidVsbldendwidtartiffagien barrier
selected frop the geeup ERRSIBNG R AdnEIkiRE oA &:rER 38N 1 Gnd REsolder-

structure of claim 15, wherein said second insulating layer is a dual-layer of
silicon oxide"aASIfeHRAGE 5o e goEP SPLIRES okite BNt g:h&‘?f’agu'
a thic essT%L tggtween JfQ:?O an 20000 An%sggg(r)rr]ldjig. ]’he structure %fu

. TUCLUT] (1 a%m , wherein sa atin aﬁer 1? a I-layer
claim 15, wherein said elevated bond pads are copper form y electroles

opidiireg anidandesaibraighiride ar keabslayrsaferilihan G0® ARYSitdmsdvethigkness
of PR AR P RADRRCRAL iRHIating layer. 18. The structure of claim 15,
wherein said elevated bond pads are an aluminum alloy and have a height of

at least. gredtes $rarBOOANGSIINsIRbars die-lopsuiace pidhaeseppadtormed

by ‘éc';?r“?e%s'a S{na”a%ﬁﬁ‘ild e "e"}t%%’ot%o?‘i’ ads are ﬁﬁge§88%a%?r9£¥%b%%c?ﬁgt P
Sidewalls "dn sard efevated bofAd pads t6 retlice the top surtace areds of said.
swlevatddand rd padssdnadngiherein said sidewall spacers are silicon oxide or

silicon nitride. 12
1 The structure of claim 15, wherein said elevated bond pads are an aluminum

alloy and have a height of at least greater than 800 Angstroms above the top surface of the
second insulating layer and said elevated bond pads are recessed and have second sidewalls
on said elevated bond pads to reduce the top surface areas of said elevated bond pads, and

wherein said sidewall spacers are silicon oxide or silicon nitride.
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