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the Invention The invention relates to the fabrication of integkabgs
circuit devices, and nore particularly, to a nethod of creating a reliable,
fine pilO¥hFE8BRASAT BEMCRAT | AWNEOPLTCH2ANDESGH RELFGABILITHeSPLDER BUMP

Sem conduct or devi ce packagi ng has over the years received increased
enphasis due to a continued decrease in sem conductor deV|cﬁwmmmMWImWﬁ"

a decrease that is driven by the dual requirenents of inpro

performance and reduced BEAGKBROUADUDECTHE MYVENISION Thi s trend hassbed to a
significant increase in sem conductor dev~.ce density, which places

i ncreased enphasi s on device or package |I/O capabilities. The neta
connections, which connect the Integrated Circuit to other~circuits or to
syst em@onpenend sef hetwe trhemefiohe become nore inportant and can, with
further mniaturization of the sem conductor device, have an increasingly

negative inpaet iffesticiite PRiOLBRREE. fANETRASION cfakaskksr&@paci t ance
and resistance of the netal interconnections can significantly degrade chip

per f or raReR s t ChetREESs £ UKL b N p%'%'ticﬁ@&@?ﬁt i o herwelt 8gecHLopi @ Qng the
power 1 and ground buses and the RC del ay of the critical signal” paths.

Attenptx%ltlfabﬁ@dug@néhﬁl*&&ﬁlﬁ%&ebampugtngow&gt metal lines result in
hi gher capacitance of these wires. One of the approaches that has been

taken to solve these packaging problens is to develop | ow resistance netal s
(such as copper) for the interconnect wires, while |l ow dielectric constant

nateriﬁgﬁ aEﬁfgﬁggg- sede {h1 %?gyw ?kgnal lines. Anot her approach to sol ve
Tty

probl e | 0 deS|gn chi ps and chi p packagi ng
techni ques %Q%ﬁc %Egétgggg fgg(%éﬂiaggga Ras over the years received

increased emphasis due to a continued decrease in semiconductor
device feature size, a decrease that is driven by the dual
requirements of improved device performance and reduced device
manufacturing cost. This trend has led to a significant increase
in semiconductor device density, which places increased emphasis
on device or package 1/0 capabilities. The metal connections,
which connect the Integrated Circuit to other circuits or to
system components, ha;e therefore become more important and can,
with further miniaturization of the semiconductor device, have an
increasingly negative impact on circuit performance. Increasing
parasitic capacitance and resistance of the metal
interconnections can significantly degrade chip performance. Of

most concern in this respect is the voltage drop along the power



i ncreased interconnecting of chips at a reasonabl e manufacturing cost. This
has led to the devel opnment of Flip Chip Packages. Flip-chip technol ogy
fabricates bunps (typically Pb/Sn sol ders) on Al pads on the chips and

i nterconnects the bunps directly to_the package nmedia, which are usually
ceranié”ﬁ?gﬁP&§9iE“B%§e@PdTmﬁfﬁ¥'ﬁ@&ﬁypoﬁstB%dﬂﬁﬂnﬁéﬁeSd@ﬂﬁltBaE%%-package
medi um t hrough the shortest paths. These technol ogi es can_be applied not
only t Alienpte- ERi pepackagin g e BHRtagCSoPYouRifheridnr mettagr ddnds| evel s of
packagi ng in which the packages are |l arger, and to nore sophisticated
subst r ateemltthdn aéobanpdapac sevmealofckhgset wifesm | arger functional units.
2 The flip-chip technique, using an array of 1/0 interconnects, has the
advant age of achieving the highest density of interconnection to the device
conbined with a very | ow inductance interconnection to the package.

However, predeestabichit yapmesichbendini: VhavalbeleRs paoldmon: o ard1GaefdiLent

of Thernmal Expansion (CTE) matching to avoid sol der bunp fatigue are stil
chal | engeskadihdOpdd NghsSever ab packages 1bagatdiektattehmasasyr f@genmyynt i ng
a ceram c package to a plastic board, the TCE m snmatch can cause a | arge

ther nmal cspp@ss @ thee solsicdr@@dt] Qiintks,t hat 16ancheadeidctPint i Hakage
caused by solder fatigue fromtenperature cycling operations. Prior Art

subst r ah g PACKAYI NG W8 CALAAT EnapdePbastd Lofdii Ri6RLD RACKRGE NGop &I @M C
substrate packaging is expensive and has proven to limt the perfornmance of

the oveggal gopa@kﬁgsblmeaf YPRI SaPAIS: BAGN 1A I8 98N C&e HgP! @SIHC and
substrate flip chip packaging, this type of packagi ng has becone the main

stream gﬁ§ggn%ﬁega¢'{§§[ ir g&;@g}ﬂ@ﬁe%seqhm hig Yol H@Beﬁéw%é?hi Re AAGKAIE £

fabricati on. e pla ubstrate flip chip package perforns
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Flip-chip technology fabricates bumps (typically Pb/Sn
solders) on Al pads on the chips and interconnects the bumps
directly to the package media, which are usually ceramic,£g£
plastic based. The flip~chip is bonded face down to the package
medium through Ithe shortest paths. These-technologies can be
applied not only to single-chip packaging, but also to higher or
integrated levels of packaging in which the packages are larger,

and to more sophisticated substrates that accommodate several

chips to form larger functiodnal units.



package size is small, the plastic flip chip structure beconmes 3
conplicated and expensive. This can be traced to the nufti-layer structure
used to create the plastic flip chip package. This nufti-layer structure
results in a line density within the package of typically 2-3 m | range.
This |line denei fyipscinigt tsadinicjuent hgihgghn farrayealf zi/ogihbheréamatts from
the chip I/Oto the solder balls on the package within a single |ayer,

| eadi Nqal=0 thie amuhhtad@yef appreeach. thbenhmyhést | @yesitgpproach brings with
it the use of relatively thick (50 to 75 unf? dielectric |ayers, these

| ayers havwe canteetibsi esterd dEBI@BlckXRABST RN GTRertyNabw $ngeOSiHEs ably
hi gher than the CTE of the | am nate board on which the plastic flip chip

package e iHRRkediod Ot § e §faGadehi siodelb el epee-ddyt@hE1S i hepoyer al |
package nust be (thermally and nmechani cally) bal anced resulting in the use

of addigdnaly %tsﬁéi,lain%ﬁé’c‘@f&ﬁe%ﬂd’@o&?@@éiéﬁt appldhdeSerIBhREL &L S,
increasing the cost of the Ball Gid Array (BGA) package and creating a

yi el d dedaCtitcnk RgCE8aky Ay SAM LANBMELOE 2 H8YhEeSre tie 11echROl 08Ye O
i nterconnecting devices and device features isS a continuing challenge in

the erarofn RHiHCL5e0eE8Y I S8SkaRANA JRs ANds5oh ded NUMSARBuhERyeNt Yy

used for this purpose, whereby continuous effort is dedicated to creating

bond pads.and: sRldabebaPs Hhalt & ol enel ebt abl Sand: iexpgastve. 4
Bond pads are generally used to wire device elenents and to provide exposed

ContaCtlgféchE%fHEltg%rggg'oahgﬁg £OYACh eaq joints that can lead to

joint breakage caused by solder fatigue from temperature cycling

operations.

Prior Art substrate packaging uses ceramic and plastic flip
chip packaging. Ceramic substrate packaging is expensive and has
proven to limit the performance of the overall package. Recent
years has seen the emergence of plastic substrate flip chip
packaging, this type of packaging has become the main stream
design and is frequently used in high volume flip chip package
fabrication. The plastic substrate flip chip package performs
satisfactorily when used for low-density f£lip chip Integrated
Circuits (IC’s). If the number of pins emanating from the IC is
high, that is in excess of 350 pins, or if the number of pins
coming from the IC is less than 350 but the required overall

package size is small, the plastic flip chip structure becomes



regions are suitable for wiring the die to conponents that are external to
the die. An exanple is where a bond wire is attached to a bond pad of a
sem conductor die at one end and to a portion of a Printed Circuit Board at
the other end of the wire. The art is constantly striving to achieve

i mpr overenpsicatehernd cxpieos 1R - b&hds padiy Rehdiragiegpltpf $he heuhwinifaastrur i ng
process while enhancing bond pad reliability. Materials that are typically
used f ostibondupadsséddiudeeamsealkthecphaselrd aflsip shdlp asckaggstBnisand.

al umi num while heavily doped polysilicon can al so be used for contacting
mat eri aimulthelbgoed parhdtsideoresdlon LheatDnes Wdmde yolvithen Sele Grkicieor
devi ce whereby the electrically conducting material is frequently enbedded
in an iRgukabibgllayesrs ofidireheet.r Teis| DiusidghfalySisl heensasridiediand pad
material, polysilicon can be doped with an n-type dopant for contacting
N-regi omighwWhbkerkhl Campenmdomac wuthfpohyfge degnts /H0k oC @RE agd 1 A

P-regi ons. This approach of doping avoids inter-diffusion of the dopants
and dopajatl 1Bl ghath@Npadiads waltdan thatnhdw CHABCH J2@Shgt @88Cend ahuitie bond
pad area is required while concerns of avoi dance of noisture or chem ca
sol vent 1ak&er BFbQBaclﬁ.hiThéf ihuntadhesieenagpPas et &5 isldsCHith itdehamid@atdon
and cracking play an inportant part in the creation of bond pads. The
convent i:Qnalt iRE9GESHI 8P BROUSNCS Lhat dis186€6id O Lf8aL € cARsal Vg drun bond
pad starts with a sem conductor surface, typically the surface of a

Si 7.1 conSidngl ecek¥st abhi NSr SURSAL @xpAnk AYLT %@xfE)' Mg MetabnDleleairy C

(IMD) is deposited over the surface, a layer of nmetal, typically al um™num
s depo%ﬁ&ﬁﬁu@%ﬁ%n the CTE of the laminate board on which the plastic
flip chip package is mounted. To counteract this difference in
CTE’s the overall package must be (thermally and mechanically)
balanced resulting in the use of additional material and

processing steps to apply these materials, increasing the cost of

the Ball Grid Array (BGA) package and creating a yield detractor.

In creating semiconductor devices, the technology of
interconnecting devices and device features is a continuing
challenge in the era of sub-micron devices. Bond pads and solder
bumps are frequently used for this purpose, whereby continuous
effort is dedicated to creating bond pads and solder bumps that

are simple, reliable and inéxpensive.



the surface of the |layer of IMD. The | ayer of netal is patterned and etched
typically using a | ayer of photoresist and conventional nethods of

phot ol i t hography and etching. After a bond pad has been created in this
manner, a |layer of passivation is deposited over the |ayer of IMD. An

openi ng t hatBend gridsniane tdeachohdypadefister dareddeniahes lempatsoind to

passi vati on, again using nethods of photolithography and etching. A

convent pooaldeaetdrqibdduiat costased tegiomat @fa sbokdedibunpllover aoneatact pad
is next highlighted. Figs." 1 through 9 show an exanple of one of the

met hodsrethabns Sansedut basl€ateranirhher chanede hunromposenteonduet @k e
surface 10 has been provided with a netal contact pad 14, the sem conductor
surf aceeck@eiBaprob eciedid .t na dxay@lel2solhpassh Vesh®nei AN opeiitagnly has
been created in the layer 12 of passivation, the surface of the netal

cont act tpad hénispeapesesd idmiughidhios apentBgodd. eNexdnd Rid.a Jor@ iond
dielectric layer 16 is deposited over the surface of the layer 12 of

passi vabiror. pThgtbayerrd6i oisddial et khe bshpat teaned and wichedhLrgat i ng
an opening 21 in the layer 16 of dielectric that aligns with the netal pad
14 and tikatcpathin@hly s@xpeses the swilace GfpdhemsBtal ipadnk9.cAddwer 18
of netal, typically using Under-Bunp-Metallurgy (UBM, is created over the
| ayer 1&sof ndhel 6sddd Cthbhayesink$ iofy mehal msnifacQiftiagt Prbbetde \gunface of
the netal pad 14 inside opening 21. The region of |ayer 18 of netal that is
above t henmtahgP8end oM Ide1idbidikater point in the processing, forma
pedestal over mﬁich the interconnect bunp wll be fornmed. This pedestal can
be further extended in a vertical direction by the deposition and
patterning of one or

Materials that are typically used for bond pads include
metallic materials, such as tungsten and. aluminum, while heavily
doped polysilicon can also be used for contacting material. The
bond pad is formed on the top surface of the semiconductor device
whereby the electrically conducting material is frequently
embedded in an insulating layer of dielectric. In using
polysilicon as the bond pad material, polysilicon can be doped
with an n—-type dopant for contacting N-regions while it can be
doped with p-type dopant for contacting P-regions. This approach
of doping avoids inter-diffusion of the dopants and dopant
migration. It is clear that low contact resistance for the bond
pad area is required while concerns of avoidance of moisture or

chemical solvent absorption, thin f£ilm adhesion characteristics,



nore additional |layers that may contain a photoresist or a dielectric
material, these additional |ayers are not shown in Fig. 2. These | ayers
essentially have the shape of layer 16 and are renoved during one of the
final processing steps that is applied for the formati on of the

i nt er codagéenibaimpon Arddyercefinphpl ay esi simgfargtanshpany is deposidaedon
patterned and etched, creating an opening that aligns with the contact pad
14. A | ageboRd wddsetal , such as copper or nickel, Fig. 3, that fornms an
integral part of the pedestal of the to be created interconnect bunp, is
next electroplated in the opening created in the |ayer of photoresist and
on the surface of the layer 18 of 7 netal, whereby the | ayer 18 serves as
the | ower el eatrodevelutidihll heopkabing PEQEATS thayehs2Qséd P61 e A
applications has a thickness of between about 1 and 10 umw th a typical

val ue ofanabouhibudModdiedd Ralarkay @i tR2a ofersididRNuctorekaethop) ated on the
surface of |ayer 20. The patterned | ayer of photoresist is then renoved.

The | ayerpli8a0fhynehal shstaextoretacBedicbhdsidgld eavishg1iAnpl 368s© vk t he
pedestal for the interconnect bunp. During this etch process the deposited

|l ayers 201aR@r23fSehnvea asethmasklcktrias (ivsh cad edpaBaved additixmnal |ayers
of dielectric or photoresist have been deposited for the further shapi ng of

pedest alsuk&aice, Fhg1ader t e S@ Ay efypatel 8y SO uemMed iat qbBbsitédtsver Sol der
paste or flux (not shown) is now applied to the |ayer 22 of solder, the

sol der 22,d $u¥@htedokNtiRe rFJJé%‘No%UVIM@CETBé!pl&féﬂ Y ARdena; gl ﬁé@@@fhed
at nosphere, creating the spherically

and etched typically using a layer of photoresist and
conventional methods of photolithography and etching. After a
bond pad has been created in this manner, a layer of passivation
is deposited over the layer of IMD. An opening that aligns with
the bond pad is created in the layer of passivation, again using

methods of photclithography and etching.

A conventional method that is used to create a solder bump
over a contact pad is next highlighted. Figs.® 1 through 4 show an
example of one of the methods that is used to create an
interconnect bump. A semiconductor surface 10 has been provided
with a metal contact pad 14, the semiconductor surface 10 is
protected with a layer 12 of passivation. An opening 19 has been
created in the layer 12 of passivation, the surface of the metal

contact pad 14 is exposed through this opening 19. Next, Fig. 2,



shaped interconnect bunp 22 that is shown in Fig. 9. In addition to the
above indicated additional |ayers of dielectric or photoresist that can be
used to further shape the pedestal of the interconnect bunp, many of the
applications that are ainmed at creating interconnect bunps make use of

| ayers ofdi@leamstial lehar $erve depdmmirusideoveayehs ourfidrat dfavédeofhger

speci fic purposes, such as the inprovenent of adhesion of the various
overl yi ng dayerssionttibe.prevehdyeon If odi fdfiedeobrdé Matmrtitalmsiedetinden

adj acent | ayers. These |l ayers collectively formlayer 18 of Fig. 4 and
have, astiled) erfedftriomn bheopboiey 2m ief frdet lapethes shtipel difedthe ccorptet ed
bunp and are therefore frequently referred to as Ball Limting Metal (BLM
layer. Etegieniinh usedmBM | pyer 54 aded AL psirveadnyd Ovsrddyivng | ayers of
chronme, copper and gol d, whereby the chrone is used to enhance adhesi on
with ansypgesd g u@itamrTFganmgtA Patiedt N8 6@PREEaL AYEFpISRIMES uk@ngr event
di ffusion of solder materials into underlying |ayers while the gold [ayer
serves bLaqRFeM&-Mddatirgy ebsihe ssrdace Lf oBe €rppesiydaye ofThe BLM

| ayer is layer 18 of Figs. 2 through 4. Increased device density brings

With itqhpeeeased, clpsanass oef meeaponents @daehkeneohschdbatuarfL Pt of the
created sem conductor devices. This increased cl oseness is expressed as a

reduct i @Rel Ret e SHRCING R dePbbeRinget neemelreFeBhscof 1 aysemg duct or
device. State-of-the-art technol ogy uses sol der bunps having a pitch of

about 2QQ UM WAL Cfls | AMRRETHR hkbRbiabh@m ANuihurt Rer ol NgEEASHAhay ce
density. The Iimtation in further reducing the pitch of solder bunps is

| posed by GRBEELOBNST féinl BPPlebbk bl ISP tAer EhAbLUSh el AMifPAl !

size for

will be formed. This pedestal can be further extended in a
vertical direction by the deposition and patterning of one or
more additional layers that may contain a photoresist or a
dielectric material, these additional layers are not shown in
Fig. 2. These layers essentially have the shape of layer 16 and
are removed during one of the final processing steps that is

applied for the formation of the interconnect bump.

A layer of photoresist (not shown) is deposited, patterned
and etched, creating an opening that aligns with the contact pad
14. A layer 20 of metal, such as copper or nickel, Fig. 3, that
forms an integral part of the pedestal of the to be created
interconnect bump, is next electroplated in the opening created

in the layer of photoresist and on the surface of the layer 18 of



9 sol der bunmp. This relatively large solder ball restricts further
reduci ng the solder ball pitch. In the nmgjority of applications, solder
bunps are used as interconnections between |/O bond pads and a substrate or
printed circuit board. Large solder balls bring with it high standoff since
a sol demebal|] wiwdieti ghesflagdof f8 hasrbet tey thleedwakrpeléot rmadic eluECh

m smatching is easier to avoid resulting in reduced thermal stress on the

sol der bakl g)atied gerwelsder Lhakks2ar entheref ene peguitcedidms afadern to
mai ntain interconnect reliability. Low al pha solder is applied to avoid

soft erk@hickebestsi Gt wdlenf WBGLELONARNEr TONS) Jit®MaOEGPE £hNGvatlkerghy
elimnating the potential for inadvertent nenory di scharge and incorrect

setting gbuths wel tage dihaar 10y erUs2 Pat esd1db 162, 632ctbassadd an )erar ovi des
for the testing of an integrated circuit device including depositing a

sol der hunpae8 8rSfAce©f ebpndtPafed’ 1442 PP 07861 370 Rafaworth et
al.) provides a conpliant contact system for making tenporary connection

with a semcepductor die for testing and a nethod for fabricating the
pliable contact system 10 US Patent 5,554,990 (Hubacker) addresses the
probi ng of sem conductor devices that have been provided with contact bunps
and the formation -of peripheral test pads. US 5, 665,639 (Seppala et al.),

US 6’051’450Tﬁgh§§y@re$BQM§%@tal is next etched, Fig. 4, leaving in

place only the pedestal for the interconnect bump. During this
etch process the deposited layers 20 and 22 serve as a mask. If,
as indicated above, additional layers of dielectric or
photoresist have been deposited for the further shaping of
pedestal 18 in Fig. 2, these layers are also removed at this

time.

A solder paste or flux (not shown) is now applied to the
layer 22 of solder, the solder 22 is melted in a reflow surface
typically under a nitrogen atmosphere, creating the spherically

shaped interconnect bump 22 that is shown in Fig. 4.

In addition to the above indicated additional layers of
dielectric or photoresist that can be used to further shape the
pedestal of the interconnect bump, many of the applications that

are aimed at creating interconnect bumps make use of layers of



and US 5,882,957 (Lin) show rel ated bunp processes. US 5,633,535 (Chao et
al.) shows a pedestal process using dry resist. US 6,103,552 (Lin) provides
a process and package for achieving wafer scal e packagi ng, which includes
formati on of a sol der bunp. SUMVARY OF THE | NVENTI ON A princi pal objective

of the haventiwdc isdve PLOBEME: &r MBiNOL ofr aheat hageaothae-Nidghisol der
bunp.' Anot her objective of the invention is to provide a nethod of

creatinguspatée; sohders buapsmpfavdhete ald Quinagibar okhensreatiQp of
fine-pitched sol der bunps. 11  Another objective of the invention is to

provi decgee05in®f f8fdd v @ rMhROPrt e of £ & @8 diifFRsBbhchrsphder; pump of high
reliability, due to the increased height of the solder bunp. This objective

i s basedcpRebheadpddame 1Rl sSOh RS e DU FeldAhiekict Yot PPEQMES
proportigna?Iy ?%?the squgﬁesof theedistance befmeenetgg soldé?mﬁéﬁﬁ and

the undgpl y&gg subsd nalw, é@oageelggiﬁgﬁaﬂgtur@ atb_lzlﬁﬁei, NYANLEPDH St QY OVi de

a cost effecfive way of creating a sol der np. IS cost-effective way is

real i zed by Uskng, st reqeaoggfrag) Qﬁéeg,%]%'rt A £Rer %%?Q%ﬁ%igfﬁﬂaafteir@:%dt he

need for expensive "l ow a sol Anot ective o nvention is to

providea cash.eff L] vediRad Qhraf eRLINY. & fdARHRE L C:88! 8F LY DY
F a-eff dy ﬁer

reduci ng the al ph ect” on nenory products. Anot obj ective of the

| nvent i albel $ubBePLOVL den RLAOUNGT 1 Chenl 1 JIg Saldie %gpgawgﬁh(g%sou ows an

easy nmethod o eani ng a process of crea der bunp
has been, GOURLELRY: APSANEs QRLECLEYEnRInLD S MEU 2R choah ouRESN G2
aluminum contact pad, the copper layer serves to prevent
diffusion of solder materials into underlying layers while the

gold layer serves to prevent oxidation of the surface of the

copper layer. The BLM layer is layer 18 of Figs. 2 through 4.

Increased device density brings with it increased closeness
of components and elements that are part of the created
semiconductor devices. This increased closeness is expressed as a
reduction in the spacing or “pitch” between elements of a
semiconductor device. State-of-the-art technology uses solder
bumps having a pitch of about 200 pm, which imposes a limitation
on further increasing device density. The limitation in further
reducing the pitch of solder bumps is imposed by concerns of

reliability, which impose a relatively large ball size for the



creating sol der bunps which allows easy application of underfill. 12 In
accordance with the process of the invention, a contact pad is fornmed on a
sem conductor surface, overlying a |layer of dielectric. A |ayer of
passivation is deposited over the |layer of dielectric for the protection of
t he conddeie rpadmpanThpentapat Svalreadtaedel Bolber | yer ofsasgisvat i oRe L hat
partially exposes the surface of the contact pad. A barrier layer is

deposi tedhpvery tthe kayeer abaprassivet.i on including the opening created in
the | ayer of passivation. A colum of three layers of netal is forned
overlying the barrier layer and aligned with the contact pad and having a
di aneter that is about equal to the surface of the contact pad. The three

metal |ayers;pfinth@agekyep §OMEESiRatiiRnSYCEES8L PN RSN roceedi §g from the
| ayer that is in contact with the barrier |ayer, a layer of pillar netal, a

| ayer O{n&g¥kﬂhﬂgﬁﬂgoﬂgt@Et@@gnalh§X§ﬁKPEm§9|gﬁ& metal.. the B%YEEiREeBi"ar

nmetal is reduced in dianmeter, the barrier layer Is selectively renoved from
t he sur ; | a f j [ fter i ch_refl.ow f..t he sol der
ot al o S e TRe o aar Baaeh e el b ‘B B PR N o T
DRAW NGS; Fi gs thro 9 ri.ar_ar hod. of creating a sol der
bump O\C/;gjfl%‘?nag s;"lﬁ%rn#gg% ‘é?g@%?%rgﬁtg%‘ﬁ@gt& ggésb?%‘ﬁrov%}erf?q Fig. 1 shows

2 oot oo tpREEb LA RURCHLCAREUELES SUILAE. 000! DFaPd LAGR Andiiheh 2

cont act een create sem conductor “Surtace 15 covered with a
pat t er ngdy | ayery 0f PS8 YaLEBn FhI s ARNOWIRP. CLOBS. SEdN 20,610 2
after a patterne

are therefore required in order to maintain interconnect

reliability. Low-alpha solder is applied to avoid soft error

(electrical or functional errors) from occurring, thereby

eliminating the potential for inadvertent memory discharge and

incorrect setting of the voltage (1 or 0).

US Patent 6,162,652 (Dass et al.) provides for the testing
of an integrated circuit device including depositing a solder

bump on a surface of a bond pad.

US Patent 5,756,370 (Farnworth et al.) provides a compliant
contact system for making temporary connection with a
semiconductor die for testirg and a method for fabricating the

pliable contact system.

10



| ayer of dielectric and a | ayer of netal have been created on the

sem conduct or surface. Fig. 3 shows a cross section of Fig. 2 after a |ayer
of bunp netal and sol der conpound have been selectively deposited. Fig. 4
show a cross section after excessive |ayers have been renoved fromthe

seni conduct ofs sty fage sang1abh gr (e, sl deradags shegnckef b aned,y f.ermng the
i nterconnect bunp. Figs. 5 through 16 address the invention, as foll ows:

Figs. 5:aR8-6,800%W 2 £F958sSeRLE MO 1l etedasql defn busms &f Lih

. . S
invention. Fig. 7 shows a cross section of 'a sem conductor surface, a |ayer

of dieI?ggr£gerggigg%ygndg@o§gggghep§£qhﬂga Juave been 14 created, a

| ayer of passivation has been deposited and patterned, a | ayer of barrier
mat eri al has been deposited. Fig. 8 shows a cross section after a patterned
| ayer of photoresist has been created over the structure of Fig. 7. Fig. 9

shovs a cr 055 Secid oM Laropbhhal: Meial has deen Guealefls ald aned with t-he

net al pads, under bunp neta een deposited over the surface of 't he

pillar a i a_gros i fter Lder metal has been
pl at ed g@érb?hg’%%%égyﬁﬁﬁg%&engg g?gsg%%qgﬁ@ﬂéﬁgcggggg'section after the
patterned | ayer of photoresist has been renoved fromthe surface. Fig. 12

shows a cross section after the dianeter of the pillar nmetal has been
reduced. Fig, .1 oss section after the barcier |ayer has been
et ched usinguﬁsgtgggﬁgygt aﬁb?%cﬁia?i?ﬁfﬁff?13598638 i%‘?ceg]S using

dry resist.

US 6,103,552 (Lin) provides a process and package for
achieving wafer scale packaging, which includes formation of a
solder bump.

SUMMARY OF THE INVENTION

A principal objective of the invention is to provide a

method of creating a fine-pitch solder bump. -

Another objective of the invention is to provide a method of
creating smaller solder bumps, further allowing for the creation

of fine-pitched solder bumps.

11



15 Fig. 1~ shows a cross section after the barrier |ayer has been etched
usi ng ani sotropic etching or RIE, creating a second profile. Fig. 15 shows
a cross-section after the solder nmetal of the first profile has been
reflowed. Fig. 1G shows a cross-section after the solder netal of the

second pr of i hg.has, hasf Jiatlowed . nDESCRL TN iGF «THE  BREFERRER FVBODI MENTS

Referring now specifically to Fig. 5 there is shown a cross section of

conpl et gdrsol des Hums; ol LheakBVENEL QO having A dbir ﬁamgreﬁirlegh The term
profile refers to the difference in which, during one of the i hal steps of

the creathon,ofithe sl dey aumscrbhechayer af Hantiet MaLalyis, etghed. For

the first profile of the solder bunps of the invention, an isotropic¢ etch

of the arfi (Y i.ng - rier
T Al oxedae o vhers This arr Per e o M ndentiee rrhg SPPEREEL o the

inventiqR, 16es EQ&g&$%&6H%E@@ﬁtBrQBE|gqggrérk% §9kg%ﬁsQHHE§|Qét$gg% the

i nvention, an anisotropic etch of the exposed barrier netal 1s perforned,

removi ng t e e ' tal. . _ex e the barrier nmetal is
shi el de O#?%ﬁ\?Eg§a%?%g@%%g%gﬂg%gﬁngyggﬁ%tsoE%ér bunmp, prior to refl ow of
t he sol der bunp. Shown in cross section in Fig. 5is the first profile of

the sol der bunp of the invention, the elenents of this solder bunp

Another objective of the invention is to provide a cost-~
effective way of creating a solder bump. This cost-effective way

is realized by using standard solder material and therewith

eliminating the need for expensive “low-o solder”.

Another objective of the invention is to provide a cost-
effective method of creating a fine-pitch solder bump by reducing

the alpha-effect on memory products.

Another objective of the invention is to provide a method of
creating solder bumps which allows an easy method of cleaning
flux after the process of creating the solder bump has been

completed.

Another objective of the invention is to provide a method of

creating solder bumps which allows easy application of underfill.

12



are: - 10, the sem conductor surface over which the solder bunp is created,
typically the surface of a silicon sem conductor substrate - 30, a |layer of
dielectric that has been deposited over the sem conductor surface 10 - 32,
contact pads that have been created on the surface of the |ayer 30 of

dielectric 13%hodd Aahter et | Qe r%f&eg@sgtvett%tmldtes DeGR eposi t ed

over the sur ace o | ayer el'ectric; openings ‘have Been created
in the f.PassLV |l 0s rf of gcontact
pads 3 ,Efiba-’?w so?f*o%. B PlonfBcd ™ sk 240, %2%%@%% 1%y%5e Suse this

| ayer of tal . has_been_ isotrop |caII etche the |er e al has
been co‘h‘pﬁ3 eetc rylcr Z%Dveéf fr%gﬂ) ki acne losf %éﬁ a fer* 4 lgger }f

passivatio cept e the barrle s,covered b the qverlyi ng

D ar oS o Th : Bl b g Cﬁé‘tﬁFF|%?9 N S
bump - er_.of under ted overl g the pil nmet a
38 of tﬁeéihﬁ% i 18YE5, © %tqu %' % §ﬁ6ﬁha¥ CHIEY éj Fon in
Fig. 6 is the second profile of t he solder bu of the |nvent|on t he

el enent 8U6F2¢Hi }F SAHUEPBARD BRS: thPHIET slaﬁ/ﬁé &F PR S {HhOVRAV ENBeen
descri bed above for the first Eroflle of the solder bunp of the invention

with t hé2¥XEedt iRAT DFVAtdyer 1851 0RieHh ?%?zﬂ?%%%“goFFBﬁF%%I%W e Hégerayer of

barrier netal which, due to the nature of the
of pa551vatlon A column of three layers of metal is formed

overlying the barrier layer and aligned with the contact pad and
having a diameter that is about equal to the surface of the
contact pad. The three metal layers of the column comprise, in
succession when proceeding from the layer that is in contact with
the barrier layer, a layer of pillar metal, a layer of under bump
metal and a layer of solder metal. The layer of pillar metal is
reduced in diameter, the barrier layer is selectively removed
from the surface of the layer of passivation after which
reflowing of the solder metal completes the solder bump of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 through 4 show. a prior art method of creating a

solder bump overlying a point of electrical contact, as follows:

13



ani sotropic etch, protrudes for the pillar netal 38 as shown in the cross
section of Fig. 6. Figs. 7 through 16 provide detail of the process of the
i nvention which | eads to the sol der bunps that have been shown in cross
section in Figs. 5 and 6. Fig. 7 shows a cross section of substrate 10 on
the surface, the fol) ow kghljighted: - .10, _.a silicon
substrate ovgﬁgfhg sur%%gg(%%ﬁﬁﬁ%%%tﬁégapkcgﬁ%%gCxﬁ%ﬁftgf ﬁggga%%éﬂ]created
18 - , I r iel.ectric.that has, been depgsited oyer the surface
of subsggﬁi%ufgxse3§? ?%5hﬁe éPWESEEaBng%%%?b?%&n%ﬁﬁﬁtfgcoﬁgFising

al um nu created over e surface of the layer 30 of dielectric - 34, a

| ayer o;geﬁnéfgfl\(}élgfcgﬁ ?‘ﬁ%}t]a%e s"béen 5 éESOEVH;édXo‘\)/ae?t%Weeds&F’P’SEeO f the |ayer
30 of di%hggk%%gb Openi ngs have been created in the |layer 34 of passivation
t hat alﬁbn Wi th theé nmetal contact pads 32, partially exposing the surface
of the contact pads 32 - 36, a layer of barrier netal that has been created
over the surface of |ayer 34 of passivation, including the openings that
have been created. in the | ayer 34 of passivation, contacting the underlying
cont act pads%%f? EssanFeﬁ? i%??ﬁﬁeﬁ%%%lopoP%lgb%r %d“?&ﬁ'ﬁe%6§58r%%§ of the
typicall%%a i ed diel ectrics such as silicon_djoxide (doped or undoped),
silicon ¥é¥%Q§ Jeelp5FYLEen2Ord PR KAmicde MeEp ! nRaYE JISfds CT5RA8AROBXFYR or
LPCVD oxide. The material that is used for the deposition of |ayer 30 of

di el ect rseFORRETORVERELBRC's not |imted to the materials indicated above
but can include any of

Fig. 3 shows a cross section of Fig. 2 after a layer of bump

metal and solder compound have been selectively deposited.
Fig. 4 show a cross section after excessive layers have been

removed from the semiconductor surface and after the solder has

been reflowed, forming the interconnect bump.
Figs. 5 through 16 address the invention, as follows:

Figs. 5 and 6 show a cross section of completed solder bumps

of the invention.

Fig. 7 shows a cross section of a semiconductor surface, a

layer of dielectric has been deposited, metal pads have been

14



the commonly used dielectrics in the art. The creation of netal contact
pads 32 can use conventional nethods of netal rf sputtering at a

t enper at ure between about 100 and 400 degrees C. and a pressure between
about 1 and 100 mflorr 19 usi ng as source for instance al um num copper

mat eri alcda@led,ha choati on ©fsalwrmeantact Bads); @ty afy ate of
bet ween about 10 and 400 sccmto alt hi ckness betéﬁ;‘vgéenl aboutnd48)§16&§ﬁlae§'1000

Angstrom 1Affesr o2 b@Y@Eemeéﬁgfﬂalh%%sb%%@ndgggééE@ _the |ayer nust be
patterned and etched to create the alum num contact pads 32. This

patterning and etching uses conventional nethods of photolithography and
patterning and etching. A deposited |ayer of Al Cu can be etched using

Cl2/ Ar a~ amigt.chaBhopt & é%@ﬁ@&&%nb%@%@nﬂ %@%36%%0 degrees C., an
a

etchant flow rate of about 20 sccmfor the a sclgﬁﬁ fof*t he Ar, a

pressur glhatean sabayt é@eﬁﬂégéa@ggj&U%nghé’s@¥&é£GEéﬁogl%% etgh bet ween 30

and 200 seconds. In a typical application insulating |ayer d such as
silicon oxide and oxygen-containing polymers, are deposited using Chem cal
Vapor Deposition (CVD) technique over the surface of various |ayexs of

conducting i i 1 C ctor .device, or substrate to separate the
conduct i ve in}':'tt1 r'cgnﬁggtagr%n%s}g F omeach ggﬁgf.pll' iaﬁ A¥iddt PRG P&§Rrs can

Contact Do veeh aceblhERPLL MR Beels?c BRRGE LTy Maad he=oBpabl | shod

cont act et ween successive | ayers

w th net vi.as created. in_the insulat~ n ayers. FElectrical contact to
t he chi p&%%o tl%ﬁdgglvleff glsj?a%ﬁg%%ed %ﬁglbﬂa BBy pads or contact pads
that formelectrical interfaces with patterned

Fig. 10 shows a cross section after solder metal has been

plated over the under bump metal.

Fig. 11 shows a cross section after the patterned layer of

photoresist has been removed from the surface.

Fig. 12 shows a cross section after the diameter of the

pillar metal has been reduced.

Fig. 13 shows a cross section after the barrier layer has

been etched using isotropic etching, creating a first profile.
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20 | evel s of interconnecting netal 7_ines. Signal |lines and power/ground
| ines can be connected to the bonding pads or contact pads. After the
bondi ng pads or contact pads have been created on the surfaces of the chip,
t he bondi ng pads or contact pads are passivated and electrically insul ated
by the deposFtyonlofsiowpassicratsisosebayen ofesr tdre surtaee Dayé&heppndi ng
pads. A passivation |layer can contain silicon oxide/silicon nitride

(Si Ca/ Si3W4) edepesi tethdyaG\at rope cpagshvag i @ Ry elcriestpayt er s and
etched to create openings in the passivation |ayer for the bonding pads or
contact gpadsiafter which a second and relatively thick passivation |ayer
can be deposited for further insulation and protection of the surface of
the chips from noi sture and other contam nants and from nechani cal danage
during assenbling of the chips. Various materials have found application in

the creationpQly.passiNahs o d:2)-SeclPasai ¥atéPNa¥1 gednmeeRi abp sid i con
oxi de/silicon nitride (SiOa/SisNa) deposited b~ CVD, a passivation layer

can be &;l,ayxer afiphofosensdd i M 1RQYi.M de or can conprise titani um
nitride. Another material often used for a passivation |ayer is phosphorous

doped silicon dioxide that is typically deposited over a final |ayer-of
al um num i nterconnect using a Low Tenperature CVD process. In recent years,

phot osensi t1 g olyi ghdfs haseddaauentlvabeeneisart fon dde nekedt Longl 21

passi vation | ayers. Conventional polyimde~s have nunbe
second profile has been reflowed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now specifically to Fig. 5, there is shown a cross
section of completed solder bumps of the invention having a first
profile. The term profile refers to the difference in which,
during one of the final steps of the creation of the solder

bumps, the layer of barrier metal is etched.

For the first profile of the solder bumps of the invention,
an isotropic etch of the exposed barrier metal is performed,
removing the exposed barrier metal except for where this barrier

metal underlies the pillar metal of the invention.
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attractive characteristics for their application in a sem conductor device

structure, which have been highlighted above. Photosensitive polyimdes

have these sane characteristics but can, in addition, be patterned like a

phot oresi st mask and can, after patterning and etching, remain on the

surface on whbehtid hasdeerotepesbredhs OssrIae Rgpad BaSshyatiahdiayer .

Typically and to i nprove surface adhesion and tension reduction, a

precursen hayeétispid raicrdefoshtedxpysed Oba XD hRL280NYEPLE BHdeq,

phot oresi st spin coating. The precursor is, after a | ow tenperature

pr e- bakeem@xpAgethelsdfthsdDbaexarpl fetal SéLpe@NadineReatcPLOE£LLF Gl 1alyi gner

and Utra Violet (UV) light as a light source. The portions of the

precursars that1haver haen RXPESedtirBpt Bi 6t ORMEIt Y %oqaegSSbbrhﬁk%iéﬂﬂer eby

| eavi ng unexposed regions (that are not cross-Ilinked) over the bonding

pads. Dwd Rgr3dhseguend Sevalopigpt., the unexposed polyim de precursor

| ayer (over the bonding pads) is dissolved, thereby providing openi ngs over

t he bondi ng pads. A final step of thermal curing | eaves a pernanent high

qual ity passivation |ayer of polyimde over the substrate. The preferred

mat eri al - of Lnyention. f t. pasitien, of r..34 Sl ion is

Pl asma Enhan%ggwsi¥?c%n %?f%%ﬁgQ?Pg%S?ZKh)? h%d%%?%gésﬁs %éf%&%ﬁ&”%he

t echnol g t r r . het n 5 4 r C wth
i LEMBEr AU £t i Y 2Dy

a pressdgﬁ of %gtgeen about 2.6”§hd gﬁ% Torr §%$<%h§9§5r§§%§§93§?§%en about

8 and 12 seconds. Layer 32 of PE SisN9 can be deposited to a thickness

bet ween about 200 and 800 Angstrom Layer 39 of PE SisN9 is next patterned

and etched fo.cre . [ in.t I . overlay and align with

t he underFv*néﬁgb%%géggﬁggggéé.L*Hg%gt%%?%g§%¥é$§§§?agid8¥ %5@%i§%tion can

use Ar/c%%%é%%d%ntypically the surface of a silicon semiconductor

substrate

- 30, a layer of dielectric that has been deposited over the
semiconductor surface 10

- 32, contact pads that have been created on the surface of the
layer 30 of dielectric

~ 34, a patterned layer of passivation that has been deposited
over the surface of the layer 30 of dielectric; openings have
been created in the layer 34 of passivation, partially exposing
the surface of contact pads 32

-~ 36, an isotropically etched layer of barrier metal; because
this layer of barrier metal has been isotropically etched, the

barrier metal has been completely removed from the surface of the

17



etchant at a tenperature of between about 120 and 160 degrees C. and a
pressure of between about 0.30 and 0.40 Torr for a tinme of between about 33
and 39 seconds using a dry etch process. The etching of |ayer 34 of
passivation can al so use He/ NF3 as an etchant at a tenperature of between

about 80, @nd 3U0Q 0eg58€5a i odNtkcd R emeukernt betyesh mhaut ;L. ggvé"ﬁgd 1.30

Torr for a tinme of between about and 30 seconds using a dry et

processy, Bald i e 13¥8ESpi SUEH st d13Y@5)36¢ ahe LyPhcaldydised to prevent
dlfoSIOﬂ of an |nterconnect metal into surrounding |layers of dielectric

and siligon. yR0nm  af ﬁ@tg%t d@{@tgo%%ri bakoapply in selecting a material
for the barrier Iayer becone appar ent by usi ng copper for interconnect

metal as ahn examm)s§. A Lpegghb n@gtaha§l askehabiyel #A&V%h%%&lggg | ow

resistivity, 1t has a relativ Iarge u5|on coetftitTient o silicon

d|0X|dem@99153dQﬁpqhgng0&§e£hg&£gore not typically used as an interconnect
metal . Copper froman interconnect may diffuse into the silicon dioxide

| ayer caugin ghéfgﬁyge lectric to be conductive and decreasing the

di el ectric strengt the silicon dioxide |ayer. Copper interconnects
shoul d be encapsul ated by at | east one diffusion barrier to prevent
diffusion into the silicon dioxide layer. Silicon nitride is a diffusion

barrier to COp. UIPQ&D%@e g&kggna{ ecéﬂcQggstﬁgé ggﬁ ﬁ %#CJHDGCES shoul d

not |lie on a silicon nitri ayer se it ectric
constanE gongfégg ﬂﬂﬁ"é% khgo gé lde eH%% glelgcérlc cggftant causes
a deS|re8 |ncrease Wil cap acrt ance meen e STt efcdnn % an

substrate caI dlfoSI rrier ontai,n silicon nitride,

b
phospho%> f“Pc%f gkll%sssa“tePélé) tggl ?%‘8%“ o?ytﬂ?lﬁetr |h5‘ gleﬁfh AERT B UK eoxi de
Al X al Ti/Til bd d
érefg¥;5P§aP% ngg}? I ?% ég%r?? §§§F> én?bgsbgggg%gghvi hrﬁésove
the adh%%gogxgép Dgn%D %?%yenES X'QQ tunQﬁ%%@rk%Xcallg4étcned
layer of barrier metal which, due to the nature of the

anisotropic etch, protrudes for the pillar metal 38 as shown in

the cross section of Fig. 6.

Figs. 7 through 16 provide detail of the process of the
invention which leads to the solder bumps that have been shown in

cross section in Figs. 5 and 6.

Fig. 7 shows a cross section of substrate 10 on the surface,
the following elements are highlighted:
- 10, a silicon substrate over the surface of which metal contact

pads 32 have been created
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A barrier layer is preferably about 500 and 2000 angstromthick and nore
preferably about 300 angstromthick and can be deposited using rf
sputtering. After the creation of barrier |ayer 36, a seed |ayer (not shown
in Fig. 7) can be bl anket deposited over the surface of the wafer. For a

seed | ayefo thah ks Blankelodenasibed auerpLbe sldaG Pl bhepafer any of

t he conventional "netallic seed materials can be e e netallic seed

| ayer c ed si,bed Usingya sputter chamber or an lon Metal Plasma (I M)
charrbersatg:t&‘a % %er ature ofg%et ween about 0 and 300 degrees C. and a

pressure t b 0 rr,,Usj for instance) copper or a
copper aI%ybcglsem?"%gagog?}é%&fgﬁ%%hIﬁrygﬁtcgélgb%%’éﬁmag falslcl)l\%lPé1 €& of between
about 10 and 900 sc an i rgon.as an.anbient gas. .Fig. 8 shows a
Cross s%%(:‘{éfncoencgo Vetrhgmguﬁgf?%%gg%ft%}e él%lygffe?BB?ko?lep%ostorrlé:si st has been
deposite ver the surface of the barrier layer 36. The | ayer 37 of

Dot or coi 14" ad B8an ObaPREP NEA Lty HPnGas. BEeh SohP THeH erathen ¢ he

| ayer 37 of photoresist. Openings 31 partially expose the surface of the
barri erSYaiATe 35 WgydpYsy of %ﬁot%ﬂo‘%leesqtsrtlcrsot)%%w|1ya%ep;5ﬁe@dqr6ased

t hi ckness 25 of between about 100 and 20Q um but nore preferably to a

t hi ckned® Ofe AFMRT P30°ChnP2eayErtom dhaghatdpRsYEED LR metrl $opgartal |y
applied to a_ thickness _of between about |00 and 200 ~m but nore preferably
to a t hPefheds PG Y158PAM "The Sretddseusédt borceote e pasist gén and
devel opment of the | ayer 37 of photoresist uses conventional nethods of

phot ol i T hofr aphi2YPhHoPRERGGF aphl2t st te biwoReSPpr bR didiedi AhBat t er ned
| ayers are forned by spinning on a | ayer of photoresist, projecting |ight
t hr oughSHEPROT otasié ¥t B4t RE BRSFHEYEIRItt dMFLHALBIt Fee pRAMIIES ¢afo expose
the photoresist to the pattern, devel opi ng the photoresist, washi n% of f the
undevel BpE8 PRIR FTEGEE 18n§Dpl d_KEF ettingars iup AR outOR RSt Wad Nher e
t he photoresist has been washed away. The exposed resist may be rendered
sol ubl e"PPBEIYIRE KKIGTgP28fid fashed away, or insol ubl e (negative worKking)
and formthe pattern. The deposited | ayer 37 of photoresist can, prior to
patterni ng and etching, be cured or pre-baked further hardening the surface

of the layer 37 of photoresist. 26
As dielectric material for layer 30 can be used any of the

typically applied dielectrics such as silicon dioxide (doped or
undoped), silicon oxynitride, parylene or polyimide, spin-on-
glass, plasma oxide or LPCVD oxide. The material that is used for
the deposition of layer 30 of dielectric of the invention is not
limited to the materials indicated above but can include any of

the commonly used dielectrics in the art.

The creation of metal contact pads 32 can use conventional
methods of metal rf sputtering at a temperature between about 100

and 400 degrees C. and a pressure between about 1 and 100 mTorr
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Layer 37 of photoresist can be etched by applying OZ plasnma and then wet
stripping by using HaSGa, HzOz and NHOOH solution. Sulfuric acid (HaSOn)
and m xtures of HzSOa with other oxidizing agents such as hydrogen peroxide
(HZOz) are widely used in stripping photoresist after the photoresist has

been stJl;pged by, ot hereJreans. pate %ux‘h?ril?rg %cﬁ%ﬂre‘}p%%&%? g Jrensed in the

nlxture at “a tenperature between a out ees out}TBO degr ees

C for a%lég gkg%igflrﬁgpboaggc%u g6t ed, t fﬁ&h%w@f%gw% Jg with

dei oni zed water - a ry n rogen norgani c resis i ppers, such

as the Sbulfuftﬁl hﬁs‘glﬂom Ml &%y art%lxghxssféeem eazb%ﬁltth@obssmﬁahéa

r enoval y post baked reS|st ey ar nore effective than organlc

stripp saa@%mt herlopaen A8 IR $hhggn§eemeepcd Q8 20d [pre, resi due

free wal&f surface can be e photoresis ayer " al so be

part i al |y, goyed. ushng plas r&hoedﬁ%n @agkgg}lg{daﬁm%ﬁ hp@&(a)gl& eap,; The

oxygen "plasima I'ng TS heatin fotore

enviro n such as_an_ ox n Iasna t he conver.tin ot or esi st
to an 2ﬂ§|b§‘re sd-ash’ eeﬁgygnﬁ pﬁggna a% g edn QhPoﬁlgged by a

ti d f 90 di | ut | uti, d I

neia S aodtadh @f%%gwri G i 57, t?hg‘l’%ﬁﬂz S 12890 e H myer
38 of d d | ect th f f
Che | aybOSERt Bap PR nat ¥19 SLZ4RG BOURICH BY Gpd Ags Rt THHE have. been

ted t he | hot t th f he | 38
of et g ”vmﬁrﬁm‘i‘%ﬁﬁ 2o rie et To 20 peerapt nﬁ{iw‘f”ﬁaﬁt%i. 3W BPoERES o e
t hese | ayers in.the Ieted structure of the sol der s of the
| vent] BHCH IiebeB b i dd thEP Rl PR beb FAERUEEL AL TR g

d t h t | at 36 f
{1 Fani UAFBYY cObBLr~End Fl br TSl y MEn% CBY T5°h ‘i tiatesd 878l hoon
about 500 and 2000 angstrom and nore preferably to a thickness of about

1000 AngSYT?'OMi " Layer 38 preferably conprise copper and is preferred to be
applied to a thickness of between about 10 and 100 um but nore

In a typical application insulating layers, such as silicon
oxide and oxygen-containing polymers, are deposited using
Chemical Vapor Deposition (CVD) technique over the surface of
various layers of conducting lines in a semiconductor device or
substrate to separate the conductive interconnect lines from each
other. The insulating layers can also deposited over patterned
layers of interconnecting lines, electrical contact between
successive layers of interconnecting lines is established with
metal vias created in the insulating layers. Electrical contact
to the chip is typically established by means of bonding pads or

contact pads that form electrical interfaces with patterned
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preferably to a thickness of about 50 um Layer 40 preferably conprises

nickel and is preferred to be applied to a thickness of .between about 1
and 10 um but nore preferably to a thickness of about 4 um 28 Fig. 10
shows a cross section where the process of the invention has further

el ectropl.ahed Jraygr s, 92n o150l Jel- a8t 8k neversidie, surifrce gk | ayers 90 of
under bunp netal (UBM and bounded by the openings 31 that have been

create c;\%rf)/@‘arohmﬁ?iif%gs of aPhsd Qro%%ie%ttedtexeahe%o&idilﬁ%lvlpal ypieal Iy of

ni ckel an f" a thickness between about 1 and 10 um 1s el ectropl ated over

the |ayeln 3 0hapil| Ak IR Ale TRl 8hal2o0! OWILITGLA, (LYRI GaLLY sol der)

is electroplated in contact with the llayer 40 of UBMto a thickness of

bet Weencf@aoe&d 3% and 100-umbute Tl cmrigf,egﬂ@%ﬁ%@g U GkResEpE,@pout 50

£
um The layers 38, 90 and 42 of electroplated net are centereg In the

openi ng, 31 that g@%_iggggdCgr?@tee%déﬂ}itf%ﬁlik/?¥§éu§%‘%% RPQLQr egl gt §, the

cross section that is shown In that the patterned

| ayer 37.0 : i.st b r fr b e, . f of the

ba¥rierg¥é%é#n%%3%$agﬁp%§€?%d§ﬁ§:ﬁ?gﬁ%ﬁgﬁ?ggnhgtﬁ%%§&§H8§%{ %ggéi%g

conditions_f t he ,r 0 | ayer. ,of . phat or.esi.st. can he applied for the
! ISa%s%{?tlg% laggggﬁgP éogE%ﬁﬁ%ﬁﬁgicoR 8%6357%%#1con nf%rlgg :

pur pose” o e renmov ayer ! i's s . cross 'section in Fig.
L1, The sryeniien TULLIeLRregeads. Wil e;partoal, efahing of Lhe pill ar
netal 38,7 as §ﬁomn I'n-cross section’in Ei g. T USi nig’ et'Hods Tof TWe
Chenlcagngtg%%ﬂgh(%b %@eg%gtgggﬁfnég)ﬁéﬂéﬁé’pgSs?vation layer for the

bonding pads or contact pads after which a second and relatively
thick passivation layer can be deposited for further insulation
and protection of the surface of the chips from moisture and

other contaminants and from mechanical damage during assembling

of the chips.

Various materials have found application in the creation of
passivation layers. Passivation layer can contain silicon
oxide/silicon nitride (Si02/Si3Ns) deposited by CVD, a passivation
layer can be a layer of photosensitive polyimide or can comprise
titanium nitride. Another material often used for a passivation
layer is phosphorous doped silicon dioxide that is typically
deposited over a final layer- of aluminum interconnect using a Low
Temperature CVD process. In recent years, photosensitive

polyimide has frequently been used for the creation of
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selective to the pillar netal material. It is clear that, by adjusting the
et ching paraneters, of which the tine of etch is nost beneficial, the
di aneter of the pillar netal 38 can be reduced by al nost any desired
amount. The limtation that is inposed on the extent to which the dianeter
of the pEisshartienal 28 s GadiEdEd ond L neely ipodd ey et Re nwBPest ©hi ng process
but by concerns of netal bunp reliability and functionality. Too small a
r emui niafgraiciaEeerhef2¢rRr igiticsr teEt he38 awp}itfieet ibhé robust ness of the
sol der bunps while this may al so have the affect of increasing the
resi st a&ree comdukE oreday 1 ¢rrf rupfe il ndhichohpyo dessi g obdéphted t he
i nvention, before the solder netal is reflowed, are shown in the cross
sect i orrlpfveRi ghotd8enntit 1% qnd vaffislels bheeetkdtdnpanfe tdharexposestses f ace of
the barrier layer 36. Using isotropic etching, Fig. 13, the exposed barrier
| ayer imucomul.etiel pddéhbored s nad tehrowd LakEi g.pHS oddsiing anskoandpi c
etching, Fig. 14, the etching of the barrier layer is partially inpeded by
t he presencefifert pattoknimg A} oft $oinger rembah . o tthes shelfiageednt hiatclh he
undercut shape of pillar 38 will prevent wetting of pillar 38 and the UBM
| ayer 40c chrs ngesubisegaéhed sod derrveefdsow. patsisatal @0 eeldrevagptibailgxposur e
to air wll oxidize the sidewalls of pillar 38 and UBM | ayer 90 and 30
t her ef osid preevieditronet sunfacé idiese surehaceenduon ngedudisieqyent sol der
reflow. Optionally, the sidewalls o~ pillar 3B and UBM | ayer 40 nay be
furtherppxigh 7@€ Byerf 06 exaspl Gepasitdeey By, 0¥k dekampn Helmvieathonal
t enperature of about 240 degrees C. such as heating in oxygen anbient at
about 1ghotegkcies: Gpikhi gsatibganthd oshmwsbleis) natter assisecti on of the
sol der bunmp of the invention after the sol der netal has been reflowed. Fig.
15 corr esppadstime Fmgp-bh3ewhekpoded). usliigsofrespaanisle 0 Fighepl@ndt hi s
relating to the etch in the barrier |ayer 36 that has

repeat projection aligner and Ultra Violet (UV) light as a light

source. The portions of the precursor that have been exposed in
this manner are cross-linked, thereby leaving unexposed regions
(that are not cross-linked) over the bonding pads. During
subsequent development, the unexposed polyimide precursor layer
(over the bonding pads) is dissolved, thereby providing openings
over the bonding pads. A final step of thermal curing leaves a
permanent high quality passivation layer of polyimide over the

substrate.

The preferred material-of the invention for the deposition
of layer 34 of passivation i1s Plasma Enhanced silicon nitride

(PE SiaN4), deposited using PECVD technology at a temperature
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been explained using Figs. 13 and 14. It is noted that the etched | ayer 36
of barrier material that is shown in cross section in fig. 15 corresponds
to the etched | ayer of barrier material that is showm in Fig. 13. The sane
correspondence exists between Figs. 16 and 14. The above sumari zed

pr ocesdiengestepbsoof ébectndphabi dgatdat @r ewitseda f preshercreathaiwaen a
nmetal bunp can~be suppl enented by the step of curing or pre-baking of the

| ayer eafoophotonesinst 2aftt d@ortrhi®d ayer dasatbheen wepesnt atbouto 8r edaew sand
sunmari ze the invention: prior to and in preparation for the invention, a
sem conduehds . surfyace 35 pf orEded sNa dayebe OHegbel eedir ite hastbheemadgposi t ed
over the sem conductor surface, a contact pad has been 31 provi ded on the
| ayer ofetdiceheabbiie, 20hearcdrdctanpad bas an exposed surface, a |ayer of
passi vation has been deposited over a sem conductor surface including the
surface of said contact pad, the |ayer of passivation has been patterned
and etched, creating an opening in the |ayer of passivation, partially
eXPOSI NG { e SUET 868 ol P& GRNLACk, AR pakBE, ADENLAG LECHOP LaVele Al
passivation 1S centered wth respect to the contact pad the 1nvention
starts w t batri e ayer., depqsit ver, su ceqaf the.layer, of
passiva.|%#%d%§ak§%g'@g%t§b é% tﬁﬁthggggn?ggkﬁggd %%@oﬁaﬁ&¥hewéggni$Qf
created. i he | a p ivation a layer of photoresist is deposited
over tﬁgkgﬁﬁﬁgg éEEFgétbéii%éﬁalayer the | ayer of photoresist is
patterned and etched, creating an opening through the |ayer of photoresist,
the opening in the | ayer of photoresist aligns with and is centered with

respect ] ) .
The etching of layer 34 of passivation can use Ar/CF4 as an

etchant at a temperature of between about 120 and 160 degrees C.
and a pressure of between about 0.30 and 0.40 Torr for a time of

between about 33 and 39 seconds using a dry etch process.

The etching of layer 34 of passivation can also use He/NF3
as an etchant at a temperature of between about 80 and 100
degrees C. and a pressure of between about 1.20 and 1.30 Torr
for a time of between about 20 and 30 seconés using a dry etch

process.

Barrier layers, such as layer 36, are typically used to
prevent diffusion of an interconnect metal into surrounding
layers of dielectric and silicon. Some of the considerations that

apply in selecting a material for the barrier layer become
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to the contact pad in sequence are deposited, bounded by the opening
created in the |layer of photoresist, a layer of pillar netal, a | ayer of
under bunp netal and a | ayer of solder nmetal the patterned | ayer of
photoresist is renoved fromthe surface of the barrier |ayer 32 t he

| ayer ofpgsiddndr byetafng scerrdied; o ddif€rA§RPAEL dnaliet érs ¢ eMempi¢l ar met al
the barrier layer is etched, using either isotropic or anisotropic etching
t he sol derhansthalcopperehfdwedre IfHel edweroivoACat f 2td kdve Heglilséwihgy, it
advantages: ball height is a very inportant reliability concern; in order
to prevemt & herlgaliveilymheche bet Wesri gy ecefifhglkayerst ofsid isaokdgex{dach as
a sem conductor device and an underlying printed circuit board and the

li ke) iéndssilipomnt and e Fherebsee tihvg divetiandéybetewers averl yi ng el enent s;
the invention provides this ability a larger solder ball (for better

t her mal inreredrnatyt] ey aper Coppancejor eguling eirponneceased Jiftfolse thiks is
contrary to state of the art design requirenents if small solder balls are
used wi theusipran divegibei ghaveritausinerphedidfifilieattic otarigerdonductheesnal |
gaps the solder is, using the invention, relatively far renoved fromthe
sem condudt decdmndicg Wwhiechipbansrihadt tengtapplfi chei ohl oforl clicoaxlipka sol der
is not required (al pha-particles create soft errors in nenory products,

| ead i slkpewn Cappam tindleplanpact s csesuhdre lepadpdetaysd by at least

one diffusion barrier to prevent diffusion into the silicon
dioxide layer. Silicon nitride is a diffusion barrier to copper,
but the prior art teaches that the interconnects should not lie
on a silicon nitride layer because it has a high dielectric
constant compared with silicon dioxide. The high dielectric
constant causes a desired increase in capacitance between the

interconnect and the substrate.

A typical diffusion barrier layer may contain silicon
nitride, phosphosilicate glass (PSG), silicon oxynitride,
aluminum, aluminum oxide (AlxOy), tantalum, Ti/TiN or Ti/W,
nionbium, or molybdenum and is more preferably formed from TiN.
The barrier layer can also be used to improve the adhesion of

the subsequent overlying tungsten layer.
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33 for the pillar netal a netal needs to be sel ected that has good
conductivity and good ductility, such as copper. This is in order to

provi de i nproved thermal perfornmance by counteracting thermal stress the
hei ght of the pillar of the solder bunp of the invention is inportant and
shoul d be between abouiydd e HR6rumebbhyokdentt goachireve2ob) eshiveso®f hi gh
stand-off the netal that is used for the under bunp netal |ayer is

i mport atHidin dd@t mbhé spreralbaplgt abave good sadlesban twith tdel aver lyd ng

sol der during solder reflow while this nmetal nust not solve too fast and in
so doi ng:dine hanhyerft oplhiteesigiger; in addition, the UBM netal when
exposed to air can forma | ayer of protective oxide thus preventing sol der
wetting to the pillar netal around the perinmeter of the UBM netal during
the refl ow process ;nickel is therefore preferred for the UBM netal

Al t hough the invention has,beenzgescribed and il]lustrated with reference to
speci fic il 1At atiVe Sftfdditerfts RHersdt , 1345 %ot 2 i AteNdeaYthaf"ehe
invention be limted to those illustrative enbodinents. Those skilled in

the artSHYY +RcEGRr zd )t HER VT i At T UM anPIbdi®d cAfGonsh ¢ anube? fhadet
W t hout departing fromthe spirit of the invention. It is therefore
i nt endebin® 0" R8T udE°%hi EhiPReEhéaYRventPbn 151 P1ENEREVEFPAFE BRS SREr 34he

nodi fications which fall within the scoge of the appended clai ns
surface of the wafer any of the conventicnal metallic seed

materials can be used. The metallic seed layer can be deposited
using a sputter chamber or an Ion Metal Plasma (IMP) chamber at
a temperature of between about 0 and 300 degrees C. and a
pressure of between about 1 and 100 mTorr, using {for instance)
copper or a copper alloy as the source (as highlighted above) at
a flow rate of between about 10 and 400 sccm and using argon as

an ambient gas.

Fig. 8 shows a cross section of the substrate after a layer
37 of photoresist has been deposited over £he surface of the
barrier layer 36. The layer 37 of photoresist has been patterned
and etched, creating openings 31 in the layer 37 of photoresist.
Openings 31 partially expose the surface of the barrier layer

36. Layer 37 of photoresist is typically applied to a thickness
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and equival ents thereof. 35 CLAIMS 1. A nethod for formng a netal bunp
on a sem conductor surface, conprising the steps of: providing a

sem conductor surface; providing a contact pad over said sem conductor
surface, having a | ayer of passivation formed thereover with an opening to
sai d conff abetpadn aalrirti POl aged i290depdsibed owee theesendtdoe ob the

| ayer of passivation and in the opening; depositing a | ayer of photoresist
over t hehidmrdser ofapepptfdbrivng a pillar opening in said photoresist that
aligns with the contact pad; depositing a |layer of pillar netal in said
pillar opening; depositing a |layer of under bunp nmetal over said pillar
netal ; depositing a | ayer of solder netal over said under bunp netal;

removi ng the,dayersofo Pt Hes3kie LaJuEi Bg Lhe t%a@e&@? Qgpih@dl%es of
pillar metal; "‘etching the barrier layer; and reflowi ng the solder netal to

form sajg; deidds RMbetdechiN8LBBE NPE0 0fn&! 264N Jn WHEY GidL sS4 FRAELL 6T (Layer
conprises titaniumapplied to a thickness of between about 500 and 2000 36
a thickness of about 150 um. The methods used for the deposition
and development of the layer 37 of photoresist uses conventional
methods of photolithography. Photolithography 1s a common
approach wherein patterned layers are formed by spinning on a
layer of photoresist, projecting light through a photomask with
the desired pattern onto the photoresist to expose the
photoresist to the pattern, developing the photoresist, washing
off the undeveloped photoresist, and plasma etching to clean out
the areas where the photoresist has been washed away. The
exposed resist may be rendered soluble (positive working) and
washed away, or insoluble (negative working) and form the

pattern.

The deposited layer 37 of photoresist can, prior to
patterning and etching, be cured or pre-baked further hardening

the surface of the layer 37 of photoresist.



Angstrom and nore preferably i.o a thickness of about 1000 Angstrom 3. The
nmet hod of claim 1 wherein said | ayer of photoresist applied to a thickness
of between about 100 and 200 um and nore preferably to a thickness of about
150 pm 4. The nmethod of claim 1l wherein said |ayer of pillar netal
conpri ses cdpyer gpplofedhiosogeshf Ekpershof cbelterdry arrity T #dpl&Smam and
nore preferably to a thickness of about 50 um 5. The nethod of claim1l
wher ei narsdi tdhéayeertofstundeinbuiny rnetialg dolpri s8sOniackelNHPPI isedut boa.
t hi ckness of between about 1 and 10 um and nore preferably to a thickness
of aboutu¥fwmc Gcikhe(imsbhodand ofaturds wher BigD.Saiidhl ayéerofoxsak deng et al
conpri ses solder applied to a thickness of between about 30 and 100 ~m and
nore prejerabl yucd aas hilckhesenof paboxitdb0 WED2)7. ahenmevadle bpymuseant aat ,
conprising: a sem conductor surface; a |layer of dielectric over said
sem congducippisurdragere3ist afcent age padtonerigaircths deem cftrdppkecbyi c,
formed of a first material; a |ayer of passivation over said | ayer of
di el ect otiser handamg .anWapens ng.ot hee ei sr @lppgriedcan t lbessandmeonédctipadhea
barrier |layer deposited over said |layer of dielectric, including said
openi ngmekeat€dat nasaetpt ayrrofbqrassiny atboan; 1@0stdagkeet thr @admabalit
| ayers, aligned with the contact pad and having an equal dianeter that is
about egtal degricke surf ace & eeo 0fL0t heiroonisacéndadheat ardbjrg teidt k@ bhayer
in contact wwth the barrier layer, of a |ayer of pillar nmetal, a |ayer of
under burproegial abdaminqayeriwf sodiderizewt alwatele dnanetdereal ble pirkl ar
netal has been reduced by a neasurabl e anount;

nitrogen. Inorganic resist strippers, such as the sulfuric acid

mixtures, are very effective in the residual free removal of
highly postbaked resist. They are more effective than organic
strippers and the longer the immersion time, the cleaner and

more residue free wafer surface can be obtained.

The photoresist layer 37 can also be partially removed using
plasma oxygen ashing and careful wet clean. The oxygen plasma
ashing is heating the photoresist in a highly.oxidized
environment, such as an oxygen plasma, thereby converting the
photoresist to an easily removed ash. The oxygen plasma ashing
can be followed by a native oxide dip for 90 seconds in a 200:1

diluted solution of hydrofluoric acid.
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the barrier |layer has been renoved using either isotropic or anisotropic
nmet hods of etching; and the solder netal being reflowed. 8. The netal bunp
contact of claim7 wherein said barrier |ayer conprises titanium or copper
applied to a thickness of between about 500 and 2000 Angstrom and nore
preferably ti% thi ERAESs20fCTAE6UtSCRIOON ARt v sWBstrage THe #teat bunp
contact of claim7 wherein said |ayer of photoresist applied to a thickness
of bet weayembdutod ool ldid 28¢ aimband Pesredppef Biabl (ekertaramdiackdessvelr about
150 um 10. The netal bunp contact of claim7 wherein said |ayer of pillar
met al cohpr Esesacoppér thppliawdrt é6a ofhingkwéss ofitbeiakenndbbotndédahg 100
um and nore preferably to a thickness of about 50 um 11. The netal bunp
cont act opéntih@ m F1 wher®i n lsaiad |lpeer oframtéer Bonp tivet allagempr Bgesoni ckel
applied to a thickness of between about 1 and 10 um and nore preferably to
a thi ckpessoonésabout Oveunthd 2suifheceret il thanpagent adt off alediein 7 wiiehei n
said | ayer of solder netal conprises solder applied to a thickness of

bet weenwabdute3@edird r260 tomasnde imolrag: prefadr abl yview aof hitbknesdeofthalbbeut 5 0
~Zm . 39 13. A method for formng a netal bunp on a sem conduct or
surfacelagenpr pdkemg itthetlst epgmpfeted structure of the solder bumps of

the invention, layers 40 of under bump metal have been deposited

using deposition methods such as electroplating.

Layer 36 preferably comprises titanium or copper and is
preferably deposited to a thickness of between about 500 and

2000 angstrom and more preferably to a thickness of about 1000

Angstrom.

Layer 38 preferably comprise copper and is preferred to be
applied to a thickness of between about 10 and 100 pm but more

preferably to a thickness of about 50 um.

Layer 40 preferably comprises nickel and is preferred to be
applied to a thickness of .between about 1 and 10 pm but more

preferably to a thickness of about 4 nm.
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provi ding a sem conductor surface, providing a contact pad over said

sem conduct or surface, having a | ayer of passivation forned thereover with
an opening to said contact pad; depositing a |ayer of barrier nmaterial over
the surface of said |ayer of passivation, including the opening created in
sai d | ayer dfigpaski vahpea; adepossti ngcaibayethegle neter pabcehat ofl ocks net al
depositing over the surface of the barrier layer; patterning and etching

t he | ayierveoft imat érd=al fohidie bl etkst nepld tadbpbayerng42 crodat saigiean opesm ng i n
the layer of material that blocks netal depositing that aligns with the
cont actoypad, thavisng facdi arfet kayatout Oequfal utdet heuspr freéce 1of (UHve cead act
pad, partially exposing the surface of the barrier |ayer over a surface
area t haturalddqgrisy witieh ¢opmnigors atht P, lhdven; beleposiddtryl aid ayes bdbiygr! | ar
metal over the exposed surface of the barrier |layer, then; depositing a

| ayer 037 UndexhBwwpshetal | urgy (UBM over the surface of the |ayer of
pillar netal, then; depositing a | ayer of bunp netal over the surface of
the layer of UBM renoving the |layer of material that blocks netal
depositing fromabove the surface of the barrier |ayer; 40 etching the

| ayer of pil%aremdifalf PBHuct gl edhlel Wicfmatiekedf antheohid Itdrickaessi al by a
nmeasur abl e anount:; renoving said barrier |ayer fromthe surface of said

| ayer ofepessit vadtdudnl asfingleimhers islgtatappd aged, evey sidte dgivermeéBhodéls of
et ching; and

: gpillar metal. The layer 42 of bump metal (typically solder) is

electroplated in contact with the layer 40 of UBM to a thickness
of between about 30 and 100 ym but more preferably to a thickness
of about 50 pm. The layers 38, 40 and 42 of electroplated metal

are centered in the opening 31 that has been created in the layer

37 of photoresist.

In the cross section that is shown in Fig. 11, it is shown
that the patterned layer 37 of photoresist has been removed from
above the surface of the barrier layer 36. The previously
highlighted methods and processing conditions for the removal of
a layer of photoresist can be applied for the purpose of the
removal of layer 37 that is shown in cross section in Fig. 11.
The invention further procéeds with the partial etching of the
pillar metal 38, as shown in cross section in Fig. 12, using

methods of wet chemical etching or an isotropic dry etch,
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reflowing said solder netal, formng the netal bunp. 14. The net hod of
claim 13 wherein said ~~arrier |ayer conprises titanium or copper applied
to a thickness of between about 500 and 2000 Angstrom and nore preferably
t~ a thickness of about 1021 Angstrom_ 15. The nmet hod of claim 13 wherein
sai d | &ferC6fVBhdtor B8 sP* g‘bﬂ Bo AAMitdRness of *betwBdh d&héltr 100 and
200 ~m and nore preferably to a thickness of about 150 um 16. The net hod
of cl aidflItStAREr &P SHCG Py BR8P F ar Chet'Bf CRotpri dd&ecFpeitcppis ed to
a thickness of between about 10 and 100 um and nore preferably to a
t hi cknd®s t~f Pepdtt B .unthPa7 S1PRECREL K BRe cP4dildPE3 TiHerlei 78 s&ipn? Baayer of
under bu metal conprises nickel applied to a thickness of between about 1
and 10 TAAFE noY e2pPefer apy 45 i 9hi ¢RAESS of habddmizagapngthatigis The
met hod of claim 13 wherein said | ayer of solder nmetal conprises solder
appl i edMRPEL KNc Kfes £X3FbetRe @i 15Bot 301 aRatepoCtint ARdPHbIEC pretay abl y
to a thickness of about 50 um 19. The nmethod of claim 13 further
conpri stthgt peFEdrtihgtanmeh SR EhULY el ¥ah BFCR D eRPOSEH T dee of
the barrier layer, said additional step to be perforned prior to said
deposi t FORFAENSYRS RAC (T3P m&ldiePi3d Ly TR dmdtRGdiapasi &Y m 130 wher bl n sai d
mat eri al that bl ocks netal depositing conprises photoresist. 21. A method
for fordi A§PAIAERAI Hamsten Pisekitomdddesr Raf¥lace® ddpridiingtt hehst eps
of: providing a sem conductor surface, said sem conductor surface having
been proWeEeRg5F off ortleheSRhfierackuiper @bf L@i tHiF coay a@td spadiaveai Bheont act
pad sitting on ~~n underlying | ayer of

affect of increasing the resistance of the metal bump.

The final two processing steps of the invention, before the
solder metal is reflowed, are shown in the cross section of
Figs. 13 and 14 and affect the etching of the exposed surface
of the barrier layer 36. Using isotropic etching, Fig. 13, the
exposed barrier layer is completely removed as is shown in Fig.
13. Using anisotropic etching, Fig. 14, the etching of the
barrier layer is partially impeded by the presence of the

columns 42 of solder metal.

It is believed that the undercut shape of pillar 38 will
prevent wetting of pillar 38 and the UBM layer 40 during
subsequent solder reflow. Tt is also believed that exposure to

air will oxidize the sidewalls of pillar 38 and UBM layer 40 and
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dielectric and being in electrical contact with at |east one point of
el ectrical contact in or on the surface of said substrate; providing a base
| ayer for said netal bunp, said base |ayer having a barrier |ayer as
a~surface |layer; and 42 groyiding glcolunn for said netal bunp, said

n

col umm FHredard A BunpeEoit i 8F nd e s SUAESS| Jering ersbetapent ar
nmetal , under bu nmetal and sol der netal; and providing sai d netal bunp.
22. ThesHstHod D M -ai 1R 21°Wherei n“eai 8 PFovi i ngt aPhaser| aferddorU&4 d
metal bunp conBrises t he stggs of : depositing a |layer of passivation over
the sur¥a® of Usday | B§5erfugftharelcdiizeéduniier | fPRg REPLENt att tpagmal
i ncluding the surface of said contact pad; patterning and etching said
| ayer OPXiFRSiaPatisdtY dreddCing cBReEPERT Aigef nakartl FaYeresrepassi varshon,
partially exposing the surface of said contact pad, said opening created in
sai d | ayertHFtigus sitv QFYER" bRPIE el éPOMhaR%a d89¥2re G@rea of said contact
pad by a neasurabl e anmount; and depositorg a |layer of barrier material over
the surface of said |layer of passivation, including the opening created in
said | ayer of passivation 23. The nethod of claim 21 wherein said providing
a colum forriad d Ifetald buArpsconpriiesesirtalie ctosps sekcrideposi tthrg salbayPr _ of
mat eri al that bl ocks netal depositing over the surface of the barrier.
| ayer; 48mp of the invention after the solder metal has been reflowed.
Fig. 15 corresponds to Fig. 13 while Fig. 16 corresponds to Fig.
14, this relating to the etch in the barrier layer 36 that has
been explained using Figs. 13 and 14. It is noted that the
etched layer 36 of barrier material that is shown in cross
section in fig. 15 corresponds to the etched layer of barrier

material that is shown in Fig. 13. The same correspondence

exists between Figs. 16 and 14.

The above summarized processing steps of electroplating that
are used for the creation of a metal bump can be supplemented by
the step of curing or pre-baking of the layer of photoresist
after this layer has been deposited.

To review and summarize the invention:

e prior to and in preparatidn for the invention, a semiconductor
surface is provided, a layer of dielectric has been deposited

over the semiconductor surface, a contact pad has been
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patterning and etching the | ayer of material that bl ocks nmetal depositing,
creating an opening in the layer of material that blocks netal depositing
that aligns with the contact pad, having a dianeter about equal to the
surface of the contact pad, partially exposing the surface of the barrier
| ayer overrayisigdf gpethe ebaYematofaldigiSclire A- t ke com it pad, hehean
depositing a layer of pillar netal over the.exposed surface of the barrier
| ayer, themposdehosirtpag: aa | vyxar off Dedern vBhipn Met al beargycpuBifFedver t he
surface of the layer of pillar metal, then; depositing a |ayer of bunp

met al overvathe sgrfigeadeftehestaiate ¢halBNingehbyi figr tare lodyeriof materi al
t hat bl ocks netal depositing fromabove the surface of the barrier |ayer;
et chi ng thentaptewast phel daveretal passdueitignt hes dbesreteat tefrnebeapd! | ar .
nmetal by a neasurabl e anmount; and renoving said barrier layer fromthe
surface oftexd |cpetiot passpeationn ddiengagerhef padtiopiiener ani ~otropic
nmet hods of etching. 2.4. The nmethod of claim 21 wherein providing said

met al  bunpatrprlsexreetnawt by sai e avlcderthgecarta¢brivd hg thise cretangbunp.
94  25. The method of clasm 21 wherein said carrier |ayer conprises

t pt ani um & E¥ppEyedppli easeevat 1o ckheSd tereBethelnrabeAt 300tARd 2Q00

Angstrom and nore preferably to a thickness of about 1000 Angstrom
contact pad

¢ the invention starts with a barrier layer deposited over the
surface of the layer of passivation, making contact with the
contact pad through the opening created in the layer of

passivation

¢ a layer of photoresist is deposited over the surface of the
barrier layer

¢ the layer of photoresist is patterned and etched, creating an
opening through the layer of photoresist, the opening in the
layer of photoresist aligns with and is centered with respect
to the contact pad

¢ in sequence are deposited, bounded by the opening created in
the layer of photoresist, a layer of pillar metal, a layer of
under bump metal and a layer of solder metal

e the patterned layer of phétoresist is removed from the surface

of the barrier layer
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26. The nettl~od of r_laim21 wherein said |ayer of photoresist applied to
a thickness of between about |00 and 200 ~m and nore preferably to a

t hi ckness of about |50 um 27. The nethod of claim 21 wherein sai~'" |ayer
of pillar netal conprises copper applied to a thickness ~~~F between about
10 and *106heniaver mf eigrlefremabhy 19 etatibkmesycéngabbat d5onammr 28. The
nmet hod of claim 21 wherein said | ayer of under bunp netal conprises nickel
appl i ed toha phlitknessadf between about 1 and 10 dim and nore preferably to
a thickness of about 9 um 29. The nmethod of claim21 wherein said | ayer of
sol der sretak penptésesaygol der eappkiiedutna dihineknesstobpbetaeen about 30
and 100 um and nore preferably to a thickness of about 50 um 30. The neth
od of cl aami2dtwhetreisrSaindy sem conductor surface is selected fromthe
group of surfaces consisting of sem conductor 95 substrates, printed
circuitebenardsigblexe€dr GW trear108tal | i zed substrates, glass substrates and
sem conduct or devi ce nounting support. 31. The nethod of claim 30 wherein
sai d sem conductor substrate is selected fromthe group of substrates

consi sting of sem conductor substrates, ceram c substrates, glass

subst r at espe0ahlbHE 8% S AR SWRStEETTHRASng ShddaARR .1 nsul ator (SA)
substrates and silicon on sapphire (SOS) substrates. 32. The nethod of

claim2} ‘Q%‘%‘L&ei}agi%g%fji%_oﬂ@e%y 331 8%%: Ll §8§%£1{;M@1ﬂ}e’@o%e‘.&99p% 8tq

conmpound thereo he nmet'ho aim urther conprising performng

an insitu t%%trte%n%' @ﬁ‘Qré?%l LG RARRS B L JULL ACHS 13!1& ﬁag%ﬁ:rs‘ & Layer, said
addi tional stép to be peéer orne&lprlor t0°84i o depositing a | ayer of pillar
metal . 39. The nmethod, of cl aim.23 erei n said mat at bl ocks net al

rial th
deposi t i n@XRIE SEECPNDT of e¥T S OGRSt OS5I HE® naer}(ﬁ(?d] SPAEFAYIY wher ei n
said re~luC nCJ the dianeter of . e e
printed circuit board and the like) it is important to
increase the distance between overlying elements; the
invention provides this ability
¢ a larger solder ball (for better thermal or reliability

performance) results in increased pitch, this is contrary to

state of the art design requirements

e if small solder balls are used without providing height, it is

very difficult to underfill the small gaps

®* the solder is, using the invention, relatively far removed
from the semiconductor device which means that the application
of low-alpha solder is not required (alpha-particles create
soft errors in memory proéucts, lead is known to emit alpha-

particles when lead decays)
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the layer of pillar netal conprises reducing the dianeter by nore than 0.2
~zm 36. The nethod of claiml|, further conprising an additional step of
thermal |y oxidizing said under bunp netal and said pillar netal, said
additional step to be perforned prior to said reflow ng the solder netal

i _o form&a dheerdll lBEnPetay. a TRetHett@edsukp EBntatettst ¢12di M2 wherein
said dianeter of the pillar netal has been reduced by a neasurabl e anpbunt
conpri sesde@EH RNy ctha 1dy apet egody dstte ltikam oughyas. cPerthé&hgest ab bunp
contact of claim?7, further said under bunp netal and said pillar netal

havi ng beem @xdali Zed ppeivodet pngadted Heaswladepentoahabes iy ref |l owed. 39. The
nmet hod of claim 13 wherein said reducing the dianeter of the pillar netal
by a nmeastwwubieraripmet teeapailsesresduci ng the dianmeter by nore than 0.2 um
40. The nethod of claim 13, further conprising an additional step of

t her male ytioxiltk zghng Faittkeupdeétabuap thet adolared damgd 47 theiddwmutehal , said
additional step to be perfornmed prior to said reflow ng the sol der netal,
form ng the hepattdbunmpnddiholihe hetbetockof elbaum 268 wher®d msdird reduci ng
the dianmeter of the pillar nmetal, by a neasurabl e anmount conprises reducing
t he di anmebedebytarorahitdvaen obj2cuimred2of Thigymetthad-offcl ai m 29, further
conprising an additional step of thermally oxidizing said under bunp netal
and said phklastaPt@lat sai dsaddirbiopad i@ tampempesi ot apeh prd or to said
reflowing the solder netal, formng the netal bunp. 43. The nethod of claim
1 with thengddithon ofrrdie thaRoabth@MmEdt avsredoay 8anoYEsn Spitch hayd i er

| ayer, said seed | ayer being deposited after said barrier layer is

deposi tedQuet yi & SIJACRNingNGoh BYET rOF 1 ARSHI AL ERDs ARd: A D i openi ng.
not solve too fast and in so doing form a barrier to the
solder; in addition, the UBM metal when exposed to air can
form a layer of protective oxide thus preventing solder
wetting to the pillar metal around the perimeter of the UBM
metal during the reflow process ;nickel is therefore preferred

for the UBM metal

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to

include within the invention all such variations and
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99. The netal bunp contact of claim7 with a seed | ayer deposited over said
barrier layer. 45. The nmethod of claim 13 with the addition of depositing a

seed | ayer over the surface of said barrier | ayer, said seed 9~ | ayer
bei ng depgsited after de n of barrier material over the
surface™ gg t%ﬁ?fﬂ?ﬂfeﬁhéf igir gi?% Sﬁ%?enﬁfhﬁﬁeoTpQﬁQﬂﬁﬂ S3aMeh an

additional ste f depo |t|n a seed Iayer over the surface of said barrier
| ayer) &8fd°4% %5?@ &r ngﬁﬁ deposited after depositing a |ayer of barrier
material over the surface of said |ayer of passivation. 49 .AY5 .A.A . A A
AU A LA LA AT Ah@ . A .ASE .AYf2 .A@ .AU .A . AfE
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Ay LAf2 LAY LAY LAy LA A A .A.Ah .A . AAA.A.Ay.Aa Ah . AA A
AA A8 A .A .Ah .AU.A .AA .A Kp2SF;{>k& & ¢

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c%%!AFI’vL\iASZ r

1. A method for forming a metal bump on a semiconductor surface,
comprising the steps of:

providing a semiconductor surface;

providing a contact pad over said semiconductor surface,
having a layer of passivation formed thereover with an opening to
said contact pad;

a barrier layer is deposited over the surface of the layer
of passivation and in the opening;

depositing a layer of photoresist over the barrier layer;

forming a pillar opening in said photoresist that aligns
with the contact pad;

depositing a layer of pillar metal in said pillar opening;

depositing a layer of under bump metal over said pillar
metal;

depositing a layer of solder metal over said under bump
metal;

removing the layer of photoresist;

reducing the diameter of the layer of pillar metal;

etching the barrier layer; and

reflowing the solder metal to form said metal bump.

2. The method of claim 1 wherein said barrier layer comprises

titanium applied to a thickness of between about 500 and 2000
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6w@x4r 495w} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca! <{2t' h N $\
[ S} xsni d Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c

?]! S?L?'a};l C%]"i:a% g C'?% gg] C%}%S% ]ca] cal ca] 53]185]’%%“] calcaPlsfta) t%%a) caj c

ajcalc 4392% caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! " 2#p###+Si $$$" % WRIROLEE

s 1)))) *A*} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal Ax*** +o++++/,1,,,0-
r---. .$/\///0WO0011Y1lyl1}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]cal! 111132nm222#3" 3
33474} 43445 @hieb 0b&EH@6 6 666 >FKTiohy 77} xemd 1k i4] cahtd] Qalyea] caf cajhoabealcat ca] cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal 78G3e8k388
99: G ::adpMed to a thickness of between about 100 and 200 pm and more
<<lk<<=Y===>Z>>??7@ @ xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] catetd cj loaltealec ahd¢akoap sad £ asajcdjpOalwa] cal ca! T@AAALAr AXAAA' B4BoBB
BC@r} CCC! D"DpDDDDOE™ EEEFLF| FF} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FFGBG&z GGGHHRH
HHHHAI VI T T T

f?‘iféif?ﬁ St apecptares lhed o e e amcapemt N MAE R o =

o? OOCP %%\/IRR. Xsni d alc cal.ca caj ca
] cz?]} caj ca a]Lca caJca ca@g][ %djs} ca]%}g ﬁ%} CSS} CO% %ae}t ]Bca] %a}1 !l?sggglkT]BTT
TTU WU

ZL77} XSXBWC%T%%E] ﬁ]xgg]rg?maf%a] A A 8F c AP RRY ¢ i ca] ca] ca] ca] ca
]ca] ca]ca]calca]calcalca]calcalcaljca! ZZ[L[[[\\Q\\]K]]]CM»Ar >} )

a| aaab} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bCb} bbcAc~ccc0d6dt ddd' ef eee" f gYggghT
hhhhi Vi iSi.i ThesmedhZlicafcaleahca] shpralrajzrd chiwal cal calda] dalmpajedkéal cal ¢
aJca] ca] ca]ca] calca]ca] calca]ca] calca]ca]lcaljW{jjjkHkkkl 2l zI'I I mt mmm6nxnnl
0- ppp&adgaprises} xsnkdl Zhppl tad capcal chficaheat cafcafptaten] edpot] caked] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! sUstsss, tgttt!uauuuu. vkvvv
kwgwwz 2{{ LhhQehit} hdrg s b rdlpag| ca] eat vadloed cajofakbahcal cahcal ca) ca] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 7~v~~~! Sz9kPZ: x X#b} xsn
i d _Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]calcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca! b%z0q,i"'c_J

}xsni d_ ga]ca] g2l sal saheaiealeale ]cg,]%;legl el e £8)52) 58] caheakcaleaheal cal

calcalc ajcaJ calca

o] oa] Qi EA CE L aP Lo Ea BAT €] ob o] Ch] oAl 7 LR At vl C) Aol R ca] ¢

al cal cal ;@ ég] Cg]zll g}g;@s@g@raa@alt%ayl crl eal et oLsal eabeepheal cal ea cal oa

cajcalc

l\| I\/]] I K]9q8x~yt oj e [V]ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca
] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca! 1o

Rk u }xsni.d.Z]cal cal ca cal ¢ ca) cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca/]/ca] ég] ]“}?t]aéa 83}705%%%% ca]] cé]‘“ 5}‘ a] ca]I ]gN’PJ] p(LYH} KC%XS}’]I d] _Z] E:a] E:a]
caJ ca]ca] ca] ca]ca ca]fl W%ca C ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] Ea]°¢ATEA! gll ‘xsni d_z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca a] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] ca] caJca]cal.i EK2
?2t 2A~' g[ avY} xsah|1@Y2]rcﬁ}fcﬁ%%a%%%‘}%]oé’§]rcé]3&9] E%‘]‘ ‘% LS SPEAPES] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! -U h%dZW'5p} xsni d_Z] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca! -j O<XBoU! " - X} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! XOK

L!'] c1"0}xsnid_Z] ca] ca]ca]ca]ca]ca]ca]l ca]7ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! OFLCaN<t C{ ~} xs} xsni d_Z] ca] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

cal] ca] ca] ca] ca] caKp2f H*109%&' ()-"109%& ()-,109%& ()-f10%& ()-109B& ()-y" 109 (

)- 13(10% & ()-2SFfH +"109%& ()-) "10%&' ()-FY"109%& () -

YY@B#10%&' ()-9!'10%& ()-S 10%& ()-109%& ()-;{i_UK

+"10%&' ()-101010S6s10%&' ()-L3G 10%& ()-31!109& ()-,/-10%& ()-& !109%& ()->k&

iTK-K#10% & ()-,#10% & ()-&#10% & ()-f3 1'10% & ()-y10% & () -,

10% & ()-110% & ()-i& ¢

i J+K%£10% & ()-!#10% & ()-!'10% & ()-L10% & ()-F#10% & ()-, #10% & () - &#10% &
"()-Pwyz{| dYNC%t10% & 10" 10°

10 363100/‘& () L/ 100/‘& (0)- 9 #100/‘& () 9+g#10°/‘& () &y)#100/‘& O)- |2 r
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10t 6t 10% & ()-9s3!10% & () - SW<dEbC%#10% &&Ff #10%H&' () - &&! 10%&' () - &SH10%H&' (
)-"10%4& ()-9! 10%4& () -"10%& () - <{ 2t dEbC%#10% & & " 10%& ()-L3"10%4& ()-L
109148 () -9& 10%4& ()-L '10%H& ()-9'!110%4& ()-"'h
dEbC@#lO@G&y/lO%H&'g?-‘-"lO%H&'()-SY+"10%H&'()-SS)TlO%H&'()-S""lO%H&'()-&&@
10948 () - NSCT#RIO95 & BH% VY ->Hha'@Yer- fo% &t ¢ytriarodhogmey- ofomM 10H

10Hs6t 10%1&' () - | $\ dELCY%#10% &Fgl0% & () - &Z10% & ()-"10% & ()-"10% & ()-"10%
\ & ()- Fiodh &atpriatdEbCys10% &LY% | 10% & () - Lf #910% & ()-9' !

10 & ()-9Y"10% & ()-9S!'10% & ()-&LF"10% & iL) - SOdEbC%#10% &Y1! 10% & () -sS/!
10% & () - 94 1GUE& CF- P3F1D94 B () -OV@B'SEA%h &Y 5L " Of | At coQRSTHEY410% &
S10% & ()-10% & ()-10% & ()-Z2"10% & ()- 10\ 10\

10\ 6° 1094 @q%nl[r’@dEBe%m%g%n%%J&w P& 1698 RAEY -BFH10% & () - &F"10% & () -
10% & ()-3"10% & () - QzdEbC%#10% & & "10% & () -3%d0% & ()-99! MLO% & ()-L34"1
0% & () - 9@ REIELILIZYEONRPIIL P ovem shdEbEIMa0% BIB e1EO &) - 31

"10% & ()-s,/3"10% & ()-S& 10N & ()-s

+1 10% & §LludipenRegd( PPENENg! ¢reated igr sedsl1 dover 1050 (9ivatdwng ()-:! 10% &
"()-F'"10% & ()- 10\ 10\

10\ 6510% &' (9 -stackpis#RdED QW16 Ko VYRTIE0YR& 1IN @W10% i )contact pad

10% & ()-110% & ()-9- 10% & ()- "10% & () -#+%i $3%$" % YdELCY#10% &9 @

10% & (3nQ@advi0l &n( paR3110%8L{er @HO6I& @PpoQt10&t&L (Yo FEhe surface

10% & () - _BROKKEAELCY£10% &SY1! 10% & ()-s@10% & ()- 9-110% & () - 3+F%d0%
(& () -, pra@% R (He LOAOUEPAY, &startiy 'WwikB%#1 0%y &8 10% @& {Jt- with

10% o0& ()-Z2"10% o0& ()- 10: 10:

10: 6" 10 & $Art3EAQ%y& () of( & Z& (€ dEb@AA10% &B8@ 1, a layer of under

"10% o0& ()-&9& 10% o0& ()-310% o0& ()-9 10% o0& ()-3

1 10% 0&b(np, mEdOP00& (3) -LpdE)) bt ASdENERBHI00%1&SFY 10% 0&' () - S#10% 0&' () -LY10%
"'0& ()-LS10% o0& ()-9L10% o0& ()-9F10% o0& ()-A**** +o++dEbCY%#10% & 3! 10% o0& (
)-Y1l the diameter of the pillar metal has been reduced by a

"10% 0& ()-S/!'10% 0& ()-9L- @0% o0& ()- @ 10% 0& ()-sL'!110% o& ()-++++++/,1,,
bC%t10%m&a412950 ©8arfdur%k ;10% 0&' ()-3- 10% o0& ()-,:'10% o0& ()- 10'0 10'0

10' 06" 10% 0&' ()-,,0-r---..dEbCY#10% &S10% o0& ()-L"10% 0& ()-3!'10% o0& ()-@1
0% 0& ()-L"10fk08i£drdr layer has been removed using either isotropic or

G'10% 0& ()-..m..$/\//dELCY#10% &LY%% 10% o0& ()-9f#z10% o0& ()-L!'10% o0& ()-&

fz 10% @&ikbtéopic methods of etching; and .
10% o0& ()-& & 10% o& ()-//0V‘D001dEb%°/(#10% &l 1'10% o0& ()- f/

10% o0& () -~ +hd0%% 0de £ )ndd ahd HEQY Qf&ééic&éﬁ.
10% 0& ()-L 't10% o0& ()-11111Y1y111bC%t10% &F
" 10908 ()-f, 109%v&' () - 3109V& () -, F" 109%V& () -

8. The metal bump contact of claim 7 wherein said barrier layer
comprises titanium or copper applied to a thickness of between
about 500 and 2000 Angstrom and more preferably to a thickness

of about 1000 Angstrom.
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10' o0 10' o 10' 06s10% 0&' () - 132nm222#3" 3dELC¥#10% &Y

10908 () - S10%WK&' ()-L! 10%v&' ()-Y- 10%v& ()-Ss10%w& ()-L

10%VE&' ()- 333474} 44dEbC%#10% &s' &10%VE' () - Y% 109V&' () - S#

10%VE! (g - YE10%VK! (2 - S& 10%vE' (t) -& 10%VE Qﬂ- 445%i 5| 5nbn505d YNC%#10% & 10M
10M . The metdl bump contact of cla 7 erein said layer of
10VS610%VE' () - & 1: 109K ()-9f /! 109V () - &s-Z10%V&' () -1 +10%v& () - 055560666dE
YNCY4# 1 0RA RE G0 SE @¥mﬂ&fg%pg-@)jplckness of between’ about 100 and 200

| 10% & ()-LZ10% & ()-34"10% & () - @10% & ()-666>7K7d77dEYNCY%£10% &

Y9400 &u)2fd MR TEfegprbipok R ¢ )torakngoasgof) avebod & (Ws10% & () - 778C3e8
h8i 8] 8k8AYNCY%t10% & 10\ 10\ 10\ 610% & ()-sy/ MLO% & ()-s- "10% & ()-1+

10% & ()-L " 10% & ()-k8899: G : dEYNCY%10% &

9@ 0% () - &9F" 10%H&’ () - 310%H& () - &&10%H&' () - "109%H& () -109& ()-:::1;V,

;s AEYNCY# 10%n& S22t ah0%i&ng ) <3%d041&F()cladm 7 wherein said layer of

109148 () -L3"10%4& () -, 109H& () - 9310%& () -; <<U<<<<<<dYNC%#10% & 10H 10H
10H610%5&4 { ¢ Yihe d00480dPri%%/s copper applied to a thickness of between
10%4&' () - Y+- 10914&' () - @ mLO%H&' () - <<=Y===>dEYNC%%#10% & s" 10%&' () - |
1!10%W&é6bu£!16%&&5(106"&H9®@6(mofﬁﬂé@&@@%iﬁrjfio a thickness of about
10%VE' () - >Z>>??7@ @QIEYNCY##10% & & !
10%W&f(EOIh%@@&@f()-f"lO@&@f()-"10%Nt&'()-10%W&f()-y!lO@&@f()-T@EEEEﬂArAdEY
NC%#10% & s1! 10%v& () -/ S10%v& () - +10%vE& () - L' 10%wW

& ()-919%!10%w. ()-9y#10%VE' () -r AuAvAWAXAAA' BABbCY%#10% &&Ff MLOY%&' () - 9s

10%&' ()-& 109 ()-f 10%& ()- 10M 10M 10M610%VK' () - 4BoBBBC@C} CAEbC%#10% &9
109%&' () - 109%& () - . . _

109& () +1100%] ) PEEAHORUEY - LATFECE) -3 icce BB DDABCTT05 24 0dRY €Y - Pov’ ()
-7) 109 ()-L% . . _ .

109& () 4ndes 1998 (FeFabod@ FPrOeeBDIDE eEh o byt t0usRk: pipkness of
109%-& ()b- @ 10%4& () -

etween about 1 and 10 uym and more preferably to a thickness of

about 4 um.

12. The metal bump contact of claim 7 wherein said layer of
solder metal comprises solder applied to a thickness of between
about 30 and 100 um and more preferably to a thickness of about

50 um.
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10 10 10610%&' ()-110%&' () - EEFLF| FFFAdELbC%#10% 9" 109%414&' () -1 10%4& () - &

10948 () - &Y: ! 109%4& () - S10%4&' () - F

10918 () - FGBGz GGGHAEbC%£10% s- ! 10914& () - 9+ 10%&' () - s’ &10%-& () - &Y¥S10%&
-LL!) 10948 () - oL () - 0 uHE' () -

gé%h;;%?ffibg E%%ﬁ?%g&ﬁgﬂgyﬁyﬁgﬁﬁib A%H%é o%oéHgé&lconductor surface,

10H610%H&'()7HH4IVIIIIdEbC%gé?@GS"lo%H&'()- 10914& () -3

3MLO%HEEPYR E R THD4 S - PHORR () - 910%4& () -1 ;

JWJJIKMKAEbC%#10% 9- 3" 10%4&' () - F+10%4& () - 9@ Z10%4&. %- S39% 1091&' () - s#10%&

Y() - 1 10%H8 R WKIRIERKISEI D EYR 1 BoS O 0¥l 49e P@%&dté‘ 199X (3t POA 10H

10H610%4&' () - @ 10%14&' () - ULLLL/ MaM MIEbC%4#10% L, 10%5&fg)-9‘1095&f()-59

-!1095&p(?;,squﬁﬁgQBQQQductor surface, having a layer of passivation

T10%& )-!10%5&'()-rNNNNNLNcNdEbCW#lO@Gs,#10%5&'g)-s!!10%5&f()-‘

10968 ( FOrmeBoBREISQvFLOvER A1 PREADUBSEQ )idNgontact pad;

0?0 OOdELCY%£10% S/ ! 109%b& () -L- 1096& () - Y+10%& ()-S)! 109%b& () - L'

10%6& () - sFORERDIBRTY -COPPPPFPL %@mn%a@fe%l&oe?rvﬁﬂ@%%%%@r "of0% & () -
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surface area that aligns with the contact pad, then;

depositing a layer of pillar metal over the exposed surface
of the barrier layer, then;

depositing a layer of Under Bump Metallurgy (UBM) over the
surface of the layer of pillar metal, then;

depositing a layer of bump metal over the surface of the
layer of UBM;

removing the layer of material that blocks metal depositing

from above the surface of the barrier layer;

40



10t,6 10% & ()-93m0% & ()-}__ >z " " dELCW10% 9' ! 10% & () -3

"10% & ()-@0% & ()-9:110% & ()-3

F'10% & ()-,3"10% & () - <a| aaabCbdEbC%#10% f #10% & ()-F10% & ()-,!'10% & () -
& , . .

10% & () - 3! 1%5/8*&”(‘3 @8 16958 0F - Bhl bt AT IEBESHEB95 oF P 1998 O 9f- 109% &
() &Y+! 10% &

"10% & e P!ﬁ)@ % &YHeN15816% & 52 8eDUBLA FHSHBItddbCvs10% | 10% & () - Y
10% & ()-G 10" 10’

10 @10% & (¥e0315% &) PRIGIEE (3YEH' RIS TdENEs# 0901094 ¥ (HaPT10% & ()
"10% & ()-L!'10% & () -

F 10% &off) Pae%4 BaY I f NGGGh PREEBEY#HI0Y QAA 0% &NEFO#r PDIF g hgls of

MLO% & ()-!'10% & ()-!'10% & ()-Z"10% & () - Thhhhi Vi i dEbC%#10% s&3"10% & () -9

1"10% &etrhing; and

10@ﬁ&f()-&#-10@6&f()-(&!1096&f()-"10@6&.()-iiiiiijVV{jbC%#lOW‘

109& () - " 10%&e€} o109 (Id ysoloug (n)atalgt fqoring the metal bump.

10t@1610@ﬁ& ()-{jj] kHkkkdEbCY%#10% "~ 3" 109%& () - |

"109%&' () - ffnlO%& () 3S10%&' ()-@10%& ()-S9 109& ()-kl?lzlllndEbCY%t10% )
109%& ()-""109& ()-9% 109%& ()-#"109%&' ()-'!

109& () -1f4 100k Gkﬁmbﬂﬁ%ﬂwﬁﬁﬁﬂm.J@MWH@%Eﬁﬁo%N&a(bari@eiolayer comprises
10s610%&' () - &3109%& ()-1"109%& ()-!-

10%& () tﬁ@é@ﬁqﬂﬁr Qﬁpd:'%lpf@ﬁ él&@odw&c( )a " dREa 9+ "B fden about 500
Z"109%V&' () -"10%v& () 0% ()-p&adgqprrraBj _@410% LS/ : 109%v& () - 9L- " 10%v&
() - ! #&3% DM (Ands LAQVVEN ) mo 209 e@)er&QY/%/&té) o T SdelsSS VA9
10%v&’ () - 10%W& ()-"10%w. ()- 10%v&
10NT 61004\ @%f§§mggttt!udEbC%#lOW“l 10%W& ()-y"109%v& ()-"10%v& ()-"10%w. (
) y' 10%W& () %W&f()-!uauuuu.vkvdEbC@#lO@G&("lOWWET()-&10%W&f()-!10%w&f()

"10%E ()-Yy' 10@®@f()-S"lOW&@f()-kvvvkmmmompmqmmuan@#lO@G"10@®@f()- 10M
10M 10MB6109%VE&' () -9-"10%V&' ()- & "10%V&' () - & " 109%v& () - mmzz{{{{{}“SFh@#lO@b
10M 10M 10M L6 1 -19 9 9 -1 #

8%/&0() 0 613}%?\%9&%/#%0%&%}'% gxg\)&m%ié)ligm 81ayer of p&otoreSJ.st

109%0vE& () O%W& () 0%V ()-f- 10%VE& % @%@ ~v~~~|dESH:%#109610N#
109%0VE, ()aa@bm B! riofomkc’)essl@%/@e(t)wee 09RRUE) 199 09R%: €991 42} AYNEIEA 0%

preferably to a thickness of about 150 pm.

16. The method of claim 13 wherein said layer of pillar metal
comprises copper applied to a thickness o©of between about 10 and

100 pm and more preferably to a thickness of about 50 um.

17. The method of c¢laim 13 wherein said layer of under bump
metal comprises nickel applied to a thickness of between about 1

and 10 um and more preferably to a thickness of about 4 pm.
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said additional step to be performed prior to said depositing a

layer of pillar metal.

20. The method of claim 13 wherein said material that blocks

metal depositing comprises photoresist.

21. A method for forming a metal bump on a semiconductor surface,
comprising the steps of:

providing a semiconductor surface, said semiconductor
surface having been provided in or on the surface thereof with a
contact pad, said contact pad sitting on an underlying layer of
dielectric and being in electrical contact with at least one
point of electrical contact in or on the surface of said
substrate;

providing a base layer for said metal bump, said base layer

having a barrier layer as a-rsurface layer; and
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for said metal bump comprises the steps of:

depositing a layexr of passivation over the surface of said
layer of dielectric underlying the contact pad, including the
surface of said contact pad;

patterning and etching said layer of passivation, creating
an opening in said layer of passivation, partially exposing the
surface of said contact pad, said opening created in said layer
of passivation being smaller than a surface area of said contact
pad by a measurable amount; and

depositing a layer of barrier material over the surface of
said layer of passivation, including the opening created in said

layer of passivation

23. The method of claim 21 wherein said providing a column for
said metal bump comprises the steps of:

depositing a layer of material that blocks metal depositing

over the surface of the barrier layer;
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10% & () - Cfg%bg@gﬁtlng a layer of Under Bump Metallurgy (UBM) over the
surface of the layer of pillar metal, then;
depositing a layer of bump metal over the surface of the
layer of UBM;
removing the layer of material that blocks metal depositing
from above the surface of the barrier layer;
etching the layer of pillar metal, reducing the diameter of
the pillar metal by a measurable amount; and
removing said barrier layer from the surface of said layer
of passivation, using either isotropic or anisotropic methods of

etching.

24. The method of claim 21 wherein providing said metal bump

comprises reflowing said solder metal, forming the metal bump.
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preferably to a thickness of about 150 nm.

27. The method of claim 21 wherein said layer of pillar metal
comprises copper applied to a thickness «~f between about 10 and

100 pm and more preferably to a thickness of about 50 pm.

28. The method of claim 21 wherein said layer of under bump
metal comprises nickel applied to a thickness of between about 1

and 10 pm and more preferably to a thickness of about 4 pm.

29. The method of claim 21 wherein said layer of solder metal
comprises solder applied to a thickness of between about 30 and

100 pm and more preferably to a thickness of about 50 um.

30. The mcthod of claim 21 wherein said semiconductor surface is

selected from the group of surfaces consisting of semiconductor
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semiconductor substrates, ceramic substrates, glass substirates,

gallium arsenide substraotes, silicon on insulator (S01)

substrates and silicon on sapphire (S0S) substrates.

32. The method of claim 21 wherein said contact pad comprises

aluminum or copper or a compound thereof.

33. The method of claim 23 further comprising performing an in-
situ sputter clean of the exposed surfaces of the barrier layer,
said additional step to be performed prior to said depositing a

layer of pillar metal.

34, The method of claim 23 wherein said material that blocks

metal depositing comprises photoresist.
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"$&(*,-Qﬁﬁ@%EAR%zlﬁflQE§§b£§JI@&ona1 step to be performed prior to said

reflowing the solder metal Lo form said metal bump.

37. The metal bump contact of claim 7 wherein said diameter of

the pillar metal has been reduced by a measurable amount

comprises reducing the diameter by more than 0.2 um.

38. The metal bump contact of claim 7, further said under bump
metal and said pillar metal having been oxidized prior to said

the solder metal being reflowed.

39. The method of claim 13 wherein said reducing the diameter of
the pillar metal by a measurable amount comprises reducing the

diameter by more than 0.2 pm.

40. The method of claim 13, further comprising an additional

step of thermally oxidizing said under bump metal and said
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41, The method of claim 23 wherein said reducing the diameter of

the pillar metal by a measurable amount comprises reducing the

diameter by more than 0.2 pm.

42. The method of claim 24, further comprising an additional
step of thermally oxidizing said wunder bump metal and said
pillar metal, said additional step to be performed prior to said

reflowing the solder metal, forming the metal bump.

43. The method of claim 1 with the addition of the deposition of
a seed layer over said barrier layer, said seed layer being
deposited after said barrier layer is deposited over the surface

of the layer of passivation and in the opening.

44. The metal bump contact of claim 7 with a seed layer

deposited over said barrier layer.

45. The method of claim 13 with the addition of depositing a

seed layer over the surface of said barrier layer, said seed
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layer being deposited after depositing a layer of barrier

material over the surface of said layer of passivation.

46. The method of claim 22 with an additional step of depositing
a seed layer over the surface of said barrier layer, said seed
layer being deposited after depositing a layer of barrier

material over the surface of said layer of passivation.
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