AN 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

semiconduto I EYAERT BOKD BALC HAMUISIIRE teopal TG improvedTY
elevated bond-pad structures for bonding chips on and to a substrate using
flip-chip tegluTHogr TENeRcHRGARG LIOMO-PAMEIMHTGDI &SF AFABRECAING THE
useful for increasing the density of the input/output (I/O) bond pads on a chip
while redusmguefeorisl shorts between closely spaced (adjacent) solder
balls (bumps) on the array of pads. The elevated bond pads increase the
spacing between chip and substrate during bonding for improved under-fill
flow rates, and also reduce Alpha (") particle emission from Pb/Sn solder
balls or bumps into BacTKeROIIND UCE TR . INPEIDIFESR®RIPTION OF THE
PRIOR ART In recent years there has been a renewed interest in replacing
the conventional wire bond techniques with flip-

(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 elevated bond-pad
structures for bonding chips on and to a substrate using
flip-chip technology. These elevated bond-pad structures
are particularly useful for increasing the density of the
input/output (I/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 chip and substrate during
bonding for improved under-fill flow rates, and also reduce
Alpha (a) particle emission from Pb/Sn solder balls or bumps

into the semiconductor chip.



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

(Zprangcrbstrates, andthe lisgToreseat 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 hae cesititegdaizcrensed drasitbeldheaatray ovE Aadseee §te ahip,
with reduced spacing between adjacent pads and reduced pad areas.

réFratsagf sHdacorieasitioifelvoiine-tbandface cind ghdwe sdldar Blip-
maximized and the solder forms a bead or ball (bump). When the area of the

chippdpatkbisngdterrhaddiieace the wettengs sudaeeisitedpeed drsizacteand
lead balls are also smaller (e.g., <100 um). When the chip is bonded to the

redbesiatea dhegedsdexrkspading bheveini threathip andtthe dubsisaté¢thakes it
more difficult to under-fill between the chip and the 2 substrate (circuit board)

(RfsBpogeitlertdstidgjtier 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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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. Patent No. 6,376,353 B1 to Zhou et al. in which an Al-Cu

s@ieyY bepd ppdiisaised tedapavedbenadhrsion ol theawiredosd raidpiien
the underlying Cu metallurgy. U.S. Patent No. 6,544,880 B1 to Akram shows

tlfe maihad in YoichtehaauMesa Nalakbahieplayareae vepesiatopdand. ”
underlying copper to improve adhesion. In U. S. Patent 5,523,920 to
Machuga et al. a method is described for elevating the bonding pads above
a polymeric coating on a circuit board to facilitate soldering operations.
Methndmeelatisg ik tipeciip bopdingkaalgdpoddh. fatpado £o.89BoA0 Wire
Erickson in which a wire bond pad is converted to a flip-chip solder bump by

betertentels SE pigdghni pk ad dNG iongt Hieawre eiskyny Alepad-tosidrei/ant loxidation.
A solder bump pad is then formed on the nickel. In U.S. Patent No.
1 eiatboe8l toFungeaasitlg atechpillae thodtufe 1s déserilsoenidt flip-dlsp
bonding. The lower portion of the pillar is copper to reduce alpha particles,
desdrhbempen puridn B&xEStfdonding7 &, 35Bakht flw. Zhou et al. in
which an Al-Cu alloy bond pad is used to improve the
adhesion of the wire-bond solder to the underlying Cu
metallurgy. U.S. Patent No. 6,544,880 Bl to Akram shows a
method in which one or more metal barrier layers are
deposited on the underlying copper to improve adhesion. In
U. S. Patent 5,523,920 to Machuga et al. a method is
described for elevating the bonding pads above a polymeric
coating on a circuit board to facilitate soldering
operations. Methods relating to flip-chip bonding include
U.S. Patent No. 5,891,756 to Erickson in which a wire bond
pad is converted to a flip-chip solder bump by electroless
plating nickel (Ni) on the underlying Al pad to prevent
oxidation. A solder bump pad is then formed on the nickel.
In U.S. Patent No. 6,578,754 Bl to Tung an elongated pillar
structure is described for flip-chip bonding. The lower
portion of the pillar is copper to reduce alpha particles,

and the upper portion is PbSn for bonding. U.S. Patent No.
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36,692,629 B1 to Chen et al. uses a plating bus over and along the cutting
lines (kerf areas) to each bond pad for plating the bump pads prior to
separating the chips by cutting (dicing). In U.S. Patent No. 6,770,547 B1 to
Inoue et al., a method is described for making underfill-less flip-chip bonding

6 ls3tpllons dafeetd/acelips & bareplased en Peaticuf haakd oaied-alsad

avoids alpha particle thereby preventing soft errors in the semiconductor
aXdayittheveratiRaiegt Applicatigadublicaiiasy have been idasiitiegathator
address the flip-chip technology. In Pub. No. U. S. 2002/0121692 Al to Lee
pEitdng Meibobunge perdeddpifoim teoselp spatad §finchpitedh Rtkarisplder
bump pads on a chip for flip-chip bonding. Pub. No. U. S. 2004/0157450 Al
cu@ Bflepv (it idegcribesm meshodblat eitectiivhom]ing os@dar BaMps tdnoue
copper studs. However, there is still a strong need in the semicon- ductor
etindilstry ta inkptemeithitsh elwbiag phe dtrictt raddri fg-cnideailnme)ss
technology for high-density integrated circuits without significantly increasing

f Mardhdipribgnpgriocgss bampidigwd 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 semicon-
ductor 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 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

make an elevated hsmavpadrSorctorstorineRyg dae under-fill (Epoxy-filler)
and concurrently to reduce alpha particle radiation from the lead/tin balls into
the silicon chip A third object of this invention is to make sidewall spacers on
the elevated bond-pad structures to restrict the wetting area for the Pb/Sn

ball (aupp) i-tieatDpcsgact b€ elevased hoad s, therely fedusingnthe
electrical shorting between adjacent bond pads on the chip. Another
anbiactive of ips dneadtibonly- paecotduetasdine, sHogsrtfereiheedased
top area of the lead wetting layer on the bond pad by patterning by partial
deabahiihg VWitieinfof hispa-eddqn dogidedia by o1t sdlide sidey)alla sphdgss ase dormed
to further increase the pad density while 5 eliminating electrical shorts
siiesveat adjasenhband pada circuit board or a ceramic

substrate.

A second object of this invention is to make an
elevated bond-pad structure to improve the under-fill
(Epoxy+filler) and concurrently to reduce alpha particle

radiation from the lead/tin balls into the silicon chip

A third object of this invention is to make sidewall
spacers on the elevated bond-pad structures to restrict the
wetting area for the Pb/Sn ball (bump) to the top area of
the elevated bond pads, thereby reducing the electrical

shorting between adjacent bond pads on the chip.

Another objective of this invention, by a second
embodiment, is to further reduce the top area of the lead
wetting layer on the bond pad by patterning by partial
etching which forms a second sidewall on which sidewall
spacers are formed to further increase the pad density while
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during soldering. In accordance with the objects of the present invention a
method for fabricating elevated bond pads with sidewall spacers to improve
bond-pad density is achieved. Typically, integrated circuits are made on an
array of chips on a semiconductor substrate (wafer) up to and including a top

e Ingfahtocpreyideides fearire heped v guitiieshimayitias tHoroalr Yianard
or ceramic substrate. In the flip-chip method the bond pads and lead/tin

dulPdéz) dvhdes-aeegformed 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
arrayef setdeaiddinier eHiph adod Abydrssan Arreiof paje swial facgsdhation
are formed in recesses and are planar with a first insulating layer on the

a substiai®. Acaechaldriadating laybeisfosdclaver Hariopw htdialiattsvaith
openings to top surface of the top metal pads. A key feature of this invention

spa tefiosmtel e vatpdolvend pads prath edepenings. iis caclbyateddbondyariscally,
extend 6

integrated circuits are made on an array of chips on a

semiconductor substrate (wafer) up to and including a top

metal to provide areas for wire bonding or 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
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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

abedece: ldediicH sberis hetweeck agdincant hend asdagulingspldesingrbvide
further advantage of the sidewall spacers is to passivate the copper from

e EIION SLHEGL 0060 AhENdelebabadneialdrgydayeris depeséedandne
patterned on the top surface of the elevated bond pads. The under-bump
heagirtuigy layrs iskipubiayer thal seivetaats ajbesonitaywsaxdiffudivning
barrier layer, and a solder-wetting layer. The method by a second
£ eiphatimenbiamsidgr. to hedithleambegind tipre aind weludsxmheidewall
formation of the second openings in the second insulating layer. Instead of
sedecittde smplatieg shfdpeia At sn 4 titsé calboditedt, boadnipadal TibliNeduce
barrier layer is deposited, and an etchable metal such as aluminum or
e kumninadllehtayes iSdtpesie dasdiécently Huelkdtetods elevdieg bond
pads over the second openings in the second insulating layer. Using a
s phdéoresigt madk fandghlaesmadstalnhgdgiec allinthansisdeeall spacers is
to passivate the copper from oxidation during storage. An
under-bump metallurgy layer is deposited and patterned on
the top surface of the elevated bond pads. The under-bump
metallurgy layer is a multilayer that serves as an adhesion

layer, a diffusion barrier layer, and a solder-wetting

layer.

The method by a second embodiment is similar to the
first embodiment up to and including the formation of the
second openings in the second insulating layer. Instead of
electroless plating copper, as in the first embodiment, a
conformal Ti/TiN barrier layer is deposited, and an etchable
metal such as aluminum or aluminum-alloy layer is deposited
sufficiently thick to form elevated bond pads over the
second openings in the second insulating layer. Using a
photoresist mask and plasma etching the aluminum is then
patterned to form the elevated bond pads. A key feature of
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patterned to form the elevated bond pads. A key feature of 7 this second
embodiment is to use a second photoresist mask and partial anisotropic
etching to further reduce the top surface area of the elevated bond pads that
result in second sidewalls on the elevated bond pads. Sidewall spacers are

tHe¥nedenike éngbsadnesend sidayvallsdyaderasiiy phetdewaaldhsHating

layer, such as Si02 or Si3N4, and anisotropically etching back the insulating

andysdetha iomsusace opite Atkoiichgads Butathsingrdadep stHaceop
area of the elevated bond pads, the array of solder bumps can be formed

switEetéogatbar. A5 itlbe dlswitkellibend padsderatmpealaiialn second
multilayer is deposited to provide an adhesion layer, a diffusion barrier layer,
s bdea 3algebrveltiag ddyeraB B4E b oHS GRURTION DdeWHEIDBANHAKSS are
Figs. 1 through 7 show schematic cross-sectional views of an upper portion
faimcchipforthe seijnencantipwsesadstefsléwanalsnt yhelefpyaiad honc
pads by a first embodiment. Figs. 8 through 14 show schematic
cendksrsadiohasvibasiofqanlayezer posihoba chioiprdire SigNiencenef
process
anisotropically etching back the insulating layer to the top
surface of the Al bond pads. By reducing the top surface
area of the elevated bond pads, the array of solder bumps
can be formed closer together. As in the first embodiment,
an under-bump material multilayer is deposited to provide an

adhesion layer, a diffusion barrier layer, and a solder-

wetting layer.

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



8 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

stepated bondkasds eha @iRwityka nssien pha sphstatedesing a single
bond pad is depicted to simplify the drawings. The method for fabricating
emda@iedRend pads with sidewall spacers to improve bond-pad density is
now described. As shown in Fig. 1, the first embodiment begins by providing
a semiconductor substrate 10 having an array of semiconductor chips, also
labeled 10. A typical substrate would be single-crystal silicon, gallium
arsenide, or the sliser FhE0ONtcpFatPHE I [EREF BRRIED b e MBOTCEMEN TSthe
substrate and include a number of metal levels and intermetal dielectric
layers, such as layer 12, to complete the wiring to the top of the chip. As
shown in Fig. 1, a first insulating layer 14 is deposited and recesses are
etchethier mesdtiogl cdiotacinttkiheg  rateriyngayetaf |@ldsrat edldbivek thads is
conformal barrier layer 16 is deposited.
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 to simplify the drawings. The
method for fabricating elevated bond pads with sidewall

spacers to improve bond-pad density is now described.

As shown in Fig. 1, the first embodiment begins by
providing a semiconductor substrate 10 having an array of
semiconductor chips, also labeled 10. A typical substrate
would be single-crystal silicon, gallium arsenide, or the
like. The integrated circuits would be fabricated in the
substrate and include a number of metal levels and
intermetal dielectric layers, such as layer 12, to complete
the wiring to the top of the chip. As shown in Fig. 1, a
first insulating layer 14 is deposited and recesses are
etched for making contact to the underlying metal levels. A
relatively thin conformal barrier layer 16 is deposited.
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The barrier layer 16 is tantalum/tantalum nitride (T/TaN). Next a top metal
layer 18 is formed in the recesses in layer 14. For example, the metal layer
18 can be copper formed by Cu plating and polished back to the top surface
of the first insulating layer 14 to form the top metal pads 18 for the array of

ThRads DRrthechiyRi rederiisg tafrith tud/320008 1080 ARG lByer 20 /18aN) .
deposited over the top metal pads 18. The second insulating layer 20 is
Nexefesatlysilifes Hxidepdsiicon itiide formstican oxite/ sicessitiidelsiliaayer
oxide (ONO), or any porous or non-porous low-k dielectric material, and is
14lepopidad xatiitls)esshef hedwaen Bhedtr 10805 PROKLAPEEIFESmed by
Openings 22 are etched in the second insulating layer 20 to top surface of
cihelex meiplapdd pod iBatadribg tk Figo 2t Adelatipe lydbifaanfamallsecaad st
barrier layer 24 is deposited in the openings 22. The second barrier layer is
ipsefesatilyng albyie antl4s tlepdsiiad tha thisknses aflbetadenlsofh # 00kend
1000 Angstroms. Referring to Fig. 3, the second barrier layer 24 is
aanisotmepigediy etdredback-toigxpose the top surface of the

Still referring to Fig. 1, a second insulating layer 20
is deposited over the top metal pads 18. The second
insulating layer 20 is preferably silicon oxide/silicon
nitride, or a silicon oxide/silicon nitride/silicon oxide
(ONO) , or any porous or non-porous low-k dielectric
material, and is deposited 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

10



10 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

sdedinee ohdis BveRton dgéa-fam alsdatesHnne-eans 26 HothexpRraingha2.

The elevated bond pads 26 are preferably formed by electroless plating

tSpPparifadbe apenigs Zdsmbeaurpeesares of dheslewied besd pad
decreases (to accommodate more bond pads), the height H of the bond pad

platthepsedns gowprbasiedactheodaned beighp (dapriensdf élendg,
ball 32, shown later in Fig. 7. By way of example, the elevated pads 26 are
pdettiethi afhitkieesseridhcicbaipr extenllahoredie sngdaee ballieseeandthe
insulating layer 20, to a height of at least greater than 800 Angstroms, as
s Siewal InsFigf 4t Abempadinelygko Btter control the profile of the elevated
pads 26, a patterned photoresist mask with openings (not shown) can be
used aligned over the etched openings 22 in the second insulating layer 20
prior to plating. Ashing is used to remove the photoresist mask
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 later in Fig. 7. By way of example, the
elevated pads 26 are formed to a thickness sufficient to
extend above the surface of the second insulating layer 20,
to a height of at least greater than 800 Angstroms, as shown
in Fig. 4. Alternatively, to better control the profile of
the elevated pads 26, a patterned photoresist mask with
openings (not shown) can be used aligned over the etched
openings 22 in the second insulating layer 20 prior to

plating. Ashing is used to remove the photoresist mask

after Cu plating.
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after Cu plating. 11 Referring to Fig. 5 and another key feature is to form
sidewall spacers 28 on the sidewalls of the elevated bond pads 26 to reduce
electrical shorts between adjacent bond pads during soldering. The sidewall
spacers 28 prevent the lead/tin from wetting out on the sides of the bond
padsredésHid Ao beieerradage Alndikbpadkie PSEWMIYE Hig. o Therm
sidewall spacers 28 are formed by depositing an insulating layer and

s BNRAIIDDIGallx d¥asma tahing hacls i i@ 414t lener isiretaraldyisdican
oxide or silicon nitride and the layer is deposited to a thickness of between

paioup $0@ andediDfeA Qe RS, b fUries ey aptagesRitha dsjdewalt sSpaeris
is to prevent the copper from oxidizing during storage prior to flip-chip
pddadigr Rejesioide a0, Nerhearsiddarallmppaciaiisgysiayeedent the
deposited and patterned to leave portions on the top surface of the elevated
1 daddtpiat sEon ayet 8Aiey prateraibly theukiajes that dcive bandngpatiesion
layer, a diffusion barrier layer, and a solder-wetting layer. For example, the
cagbisipndhyaertis dveferaan Tadj&eel dbdhd likaedand ssfoshedno in Fig.
thickness of between about 100
7. The sidewall spacers 28 are formed by depositing an
insulating layer and anisotropically plasma etching back.
The insulating layer is preferably silicon oxide or silicon
nitride and the layer is deposited to a thickness of between
about 100 and 1000 Angstroms. A further advantage of the

sidewall spacers is to prevent the copper from oxidizing

during storage prior to flip-chip bonding.

Referring to Fig. 6, next, an under-bump metallurgy
layer 30 is deposited and patterned to leave portions on the
top surface of the elevated bond pads 26. Layer 30 is
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 CrCu, Ni(V), or the like, and is formed to a
thickness of between about 100 and 500 Angstroms, and the
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and 1000 Angstroms. The diffusion 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 12 solder-wetting layer is preferably Au, Pt, Pd, Ag, Sn or
Cu, and is formed to a thickness of between about 100 and 1000

s ANWSHOMS: d heg ey N st ravwlilyaea 30p% preterakly depasiéad cu,
by PVD or electroless plating, and is patterned using a photoresist mask and

adpsiga eiahiiegita o aiedRasieyabed betudas dBwilitelnoa dd 1000
embodiment. Referring to Fig. 7, a schematic cross-sectional view of an

Adpsaiethbond e sindéireaiigs faatiagiba sniaet alkdbusps) 82 is
shown. The solder balls 32 are typically lead/tin (Pb/Sn). Also the increase in

prefigidblof the pleyitedibbyd PUD ivdepiltacktindligsés Hiametnd Bypa is
second embodiment is similar to the first embodiment up to and including the

pdttreatiosdofith & ngeconshios vlatisg sty anaak showin prl Ekmd. Keddriing tedig.
9, openings 40 are etched in the second insulating layer 20 to the underlying

cdop hetial [aher 4 Bedkatosdonoealdapaet layerudd isrdeinsited Hivestayer 20

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 the underlying top metal layer
18. A conformal barrier layer 42 is deposited over layer 20
and in the openings 40. Layer 42 is preferably Ti/TiN
deposited, for example, by CVD or PVD to a preferred
thickness of between about 100 and 1000 Angstroms.
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and in the openings 40. Layer 42 is preferably Ti/TiIN deposited, for example,
by CVD or PVD to a preferred thickness of between about 100 and 1000
Angstroms. 13 Referring to Fig. 10, an aluminum or aluminum-alloy layer 44
is deposited sufficiently thick to form elevated bond pads over the openings
40 in the second insulating layer 20. Layer 44 is deposited to have a
preferred thickness of at least 2000 Angstroms. Still referring to Fig. 10, a
first phofresshgask 46 andiygasman edghing b used 41 paiakidhel 1oy
aluminum to form elevated bond pads, also labeled 44, and having first
1sidewvalls 4% Tdepdldayeidd4isfethed ity ah Bdksaiw pfoplasabetished
and a standard etchant gas currently used in industry, such as a one
bendtigaidyg GkirBCHS, apdiliabise. dineihartive layecdads isuasbeddo
the second insulating layer 20 using anisotropic plasma etching and an
lajehmr@as slishes A dcamdwambstisedin industy. Refaréfigiaédy. 11, the
first photoresist mask 46 is removed, for example by ashing in 02 or 03. A
tikibyKeaisise of this sheant eatlinlikegsistomse a second photoresist

Still referring to Fig. 10, a first photoresist mask 46
and plasma etching are used to pattern the aluminum to form
elevated bond pads, also labeled 44, and having first
sidewalls 48. The Al layer 44 is etched using an
anisotropic plasma etcher and a standard etchant gas
currently used in industry, such as a one containing Cl,,
BCl;, and the like. The barrier layer 42 is then etched to
the second insulating layer 20 using anisotropic plasma
etching and an etchant gas such as one commonly used in

industry.

Referring to Fig. 11, the first photoresist mask 46 is
removed, for example by ashing in O, or O3. 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 results in second sidewalls 52 on the
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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 results in
second sidewalls 52 on the 14 elevated bond pads 44. The etching is carried
out preferably using a plasma etcher and an etchant gas such as one

e LOGIRBIAUKSHAINSar1y]/au B C1BandheHikepsi eoraaenke aisedsn industry.
Referring to Fig. 13, sidewall spacers 48' are formed on the first sidewalls

p¥SrapasldewillisRpcerphdsale eSOl secamecidemalfas? sith as
spacers are formed concurrently by depositing a conformal insulating layer,

orsdiCh et DA DiPpidNL carichanisatigpiealye plasind etttung ineskdbe commonly

insulating layer to the top surface of the Al bond pads 44. By reducing the
udep stifadmatastefthe 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.

RefeRanfetorbiggl4,a Bdlgematl; crosdeseslidnapeeers 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 Si3N,, 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
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of an elevated Al bond-pad structure 44 after forming the solder balls
(bumps) 56 is shown. The solder balls 56 are 15 typically lead/tin (Pb/Sn).
Also the increase in height H of the elevated bond pad is depicted in Fig. 14.
While the invention has been particularly shown and described with
typiesanas toleedyetaireteppbagiments sbead, it ndrda saderstori gnt H
those skilled in the art that various changes in form and details may be made
o fvitipelt glepaste@imandesditiandsgoperdfdhe meerdion1What is claimed
is: 16 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 5 metal pads,
said uipinetat padinvernessas Rad akat pibktailbelmsliatiaydayeraomd
said substrate; forming a second insulating layer over said top metal pads
desidriitedpeniths ie fxramdaceof e tqreffetatpadenibibimértalevated
bond pads in said openings and
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.

What is claimed is:

16



extending above surface of said second insulating layer, with exposed
sidewalls on said elevated bond pads; forming sidewall spacers on said
exposed sidewalls; 15 forming an under-bump material barrier layer
selectively on the top surface of said elevated bond pads. 2. The method of

claiml, whergkt sid SEsHCEHABICI a2 LOridiRs Bava- e gaiadl gradSon
(devices) electrically connected to said top metal pads. 17 3. The method of

claimsbmilkereiustid toRRigal Rassp 2L ioignachly depesitiaga conformal
barrier layer of Ta/TaN and filling said recesses with copper. 5 4. The

method gbeidh, vgh el eventiid SaaaRd RS Wakieg ieyee ihadiablayar akray
silicon oxide and silicon nitride or a tri-layer of silicon oxide-silicon

nitride Silkabndxéidenard iridefesitecdH dmsthicieir swiaftbaivwear AP 0ah ot op
20000 Angstroms 10 5. The method of claim 1, wherein said elevated bond

5 padsmee darnpediby; 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;

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

forming sidewall spacers on said exposed sidewalls;
15 forming an under-bump material barrier layer

selectively on the top surface of said elevated bond

pads.

2. The method of claim 1, wherein said semiconductor

20 chips have integrated circuits (devices) electrically

connected to said top metal pads.

17



depositing a conformal Ta/TaN barrier layer and anisotropically etching back
to leave said Ta/TaN 15 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; electroless plating copper selectively in

said 3Q opeRwOReaRG8aisifelevaies bondwiasisdiayesa baiohépf nddeastpads
greater than 800 Angstroms above top surface of said second insulating

layerahSeb . fOmaettqd abglawi dindeseiaSaEbsilawabs rsppeersiaifer of
formed by depositing a conformal insulating layer of silicon oxide or silicon
nitridedgmaad &nd thickneag o hedvasscaiznid d ORianl toRpAaRngstroms,

and 5 anisotropically etching back said insulating layer to top surface of said
elevated bond pads. 7. The method of claim 1, wherein said under-bump
material barrier layer is deposited and patterned using 10 a photoresist mask
5 to leat/e partienmetliop soffaed afimsaid ekehatssiborshpad s &cdind method
of claim 1, wherein said under-bump
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
10
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
15 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;
electroless plating copper selectively in said
20 openings, and said elevated bond pads have a height of

at least greater than 800 Angstroms above top surface

of said second insulating layer

18



material barrier layer is a multilayer of an adhesion 15 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. 20 9. A method for
fabricatingmievaied headpads 1 mem)icoikiiedarrthips so®pdsig 1he steps
of: providing a semiconductor substrate having an array of said
semiepubie chips eaemudhbp akpY 810N MaidnmsifiaIeeessebaAilthg
planar with a first insulating layer on said substrate; forming a second
insulati#gelayeEowarsadd i radal padsand ¥6ih epanigktofiopnadface of
said top 5 metal pads; depositing a conformal barrier layer and an
electriedl ykeonslsicHiEg nyewead pibleating 00 fand coticdhgsd pads in and
and aligned over said openings and extending above the surface of said

5 secoath lSdnzdpting Her atiblepgsbd dkstsideivdlissarl atifing layer to

10

15

20

top surface of said elevated bond pads.

7. The method of claim 1, wherein said under-bump
material barrier layer is deposited and patterned using
a photoresist mask to leave portions on top surface of

said elevated bond pads.

8. The method of claim 1, 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. 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
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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 15 bond pads; forming sidewall spacers
on said exposed first and second sidewalls; forming an under-bump material

barrigideyar satestively sadhsdele suHace vhaaid alawated bpnds20 pads.
10. The method of claim 9, wherein said semiconductor chips have

integiaied CH ey (dexiass) elecyicady semuteeiadto said top metal pads. 20
11. The method of claim 9, wherein said top metal pads are formed by

depositingsraaifgrmaldsisadayas i dod haN pagditingveatd sadgessespyith
copper. 5 12. The method of claim 9, wherein said second insulating layer is
a duatdaya @adicoarnxideiahd opkeninEidecortapi-ayefatailied said top
oxide-silicon nitride-silicon oxide and is deposited to a thickness of between
5 1000nsstch20@AHHARgStroms
depositing a conformal barrier layer and an
electrically conducting layer and patterning to form
elevated bond pads in and aligned over said openings
and extending above the surface of said second
10 insulating 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
15 bond pads;
forming sidewall spacers on said exposed first and
second sidewalls;
forming an under-bump material barrier layer

selectively on the top surface of said elevated bond

20 pads.

10. The method of claim 9, wherein said semiconductor
chips have integrated circuits (devices) electrically
connected to said top metal pads.
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10 13. The method of claim 9, wherein said elevated bond pads are formed
by; depositing a conformal Ta/TaN barrier layer and depositing an aluminum
alloy to fill said openings; 15 using a first photoresist mask and
anisotropically etching to form said elevated bond pads over said openings
and to form said first sidewalls on said elevated bond pads; using a second
photoresist mask and partially 20 anisotropically etching to reduce the top
surfage of se@ elevetrsibeFd padsand fodeieredid ecoadtggenatiabn
said elevated bond pads, and said elevated bond pads have a height of at
leastpidiaies FanfdRthed Angstiiepissatavgthe tepsodama Df batthkrseepnllayer
insulating layer 14. The method of claim 9, wherein said sidewall 5 spacers
are feterhyr aRpasitng Alcohdey naadl iids Utaitgs sayerei SHicap e, or
silicon nitride formed to a thickness of between about 100 and 1000
Angstroms, and anisotropically etching back to top surface of said

5 12. The method of claim 9, 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

10
13. The method of claim 9, wherein said elevated bond
pads are formed by;
depositing a conformal Ta/TaN barrier layer and
depositing an aluminum alloy to fill said openings;
15 using a first photoresist mask and anisotropically

etching to form said elevated bond pads over said
openings and to form said first sidewalls on said
elevated bond pads;
using a second photoresist mask and partially

20 anisotropically etching to reduce the top surface of
said elevated bond pads and to form said second
sidewalls on said elevated bond pads, and said elevated
bond pads have a height of at least greater than 800
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elevated bond pads. 10 15. The method of claim 9, 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 16. The
method of claim 9, wherein said under-bump material barrier layer is a
multileygset-amadhesioa lener seipciedriraradhe oraiy eonsdgisigdof TiW,
Cr, and Al, a diffusion barrier layer selected from the 20 group consisting of
CrCuiaihNd¥)mndLapelder- wetting layer selected from the group
consisting of Au, Pt, Pd, Ag, Sn, and Cu. 22 17. 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 5 pads,
said metal prits imeetrsses Andlpamanyitivhe st in sedaitd gd aviemanl said
substrate; a second insulating layer over said top metal pads

spacers are formed by 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.

10

15. The method of claim 9, 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

16. The method of claim 9, 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

20 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.
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and with openings to top surface of said top metal pads; 10 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; an under-bump material barrier layer on the top 15 surface

of saitielevaiedhanspaisnd 8pd e sEnChLm DESlMdo Wherigipsaid
second insulating layer is a dual-layer of silicon oxide and silicon nitride or a
tri-layesmyb silisen oxiEle 20 SiN/Si02 and has a thickness of between 1000
and 20000 Angstroms 19. The structure of claim 17, wherein said elevated

bond pads asentDpprEintEE RyuBletiraless wdatinggarth 23diamMe @ heigid af
at least greater than 800 Angstroms above the top surface of said second

insulaiéngi leyan e dhectidsiirendclamnth/ , arhereirasaid £lavsieehdtaand
pads are an aluminum alloy and have a height of at least greater than 800

5 Angstradss, akassdthedop lsyréabe diiheseessed snsatrtingllayarand shida
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;

10 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;

an under-bump material barrier layer on the top

15 surface of said elevated bond pads.

18. The structure of claim 17, wherein said second
insulating layer is a dual-layer of silicon oxide and
silicon nitride or a tri-layer of silicon oxide

20 SiN/SiO, and has a thickness of between 1000 and 20000

Angstroms

19. The structure of claim 17, wherein said elevated

bond pads are copper formed by electroless plating and
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elevated bond pads are recessed and have second sidewalls on said
elevated bond pads to reduce the top 10 surface areas of said elevated bond
pads, and wherein said sidewall spacers are silicon oxide or silicon nitride.
21 The structure of claim 17, wherein said under-bump 15 material barrier
layerisddnultiipyegpt as adhesivadayergadenias frona hesg@uppssisting

of Tiw, Cr, and Al, a diffusion barrier layer selected from the group
consighegef eutass SYEarel @ Foldei-aveidiag iyl melacied fgnMtper .
group consisting of Au, 20 Pt, Pd, Ag, Sn, and Cu. 24

10

15

20

20. The structure of claim 17, 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.

21 The structure of claim 17, 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.
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