28 JUL 2005 LOW FABRI CATI ON COST, FINE Pl TCH AND HI GH RELI ABI LI TY SOLDER
BUMP BACKGROUND OF THE I'NVENTION (1) Field of the Invention The invention
relates to the fabrication of integrated circuit devices, and norgg L 2008

.pérticuhgﬁlﬁﬂ Cé@iﬁﬁhOd of creating a reliable, fine pitch sol der bu

at | ow cost ?éé) FS?FonFSFEtﬁEE¢Hi&ND‘MHBHSBELmmmr@m@iﬂsdﬁﬁﬁRc%UMP
packagi ng has over the years received increased enphasis due to a

conti nued decrease in sem conductor device feature size, a decrease that
is driven by .the dual requirenents of inproved device performance and
reduced devi ce manufact uPPREGROIND OThiTe mendnhasy! ed to a significant
increase in sem conductor device density, which places increased enphasis
on device or.package |/ O capabilities. The netal connections, which
connect, the Integrated Ci.rcuit to other-circuits or to system conponents,

have th@ﬂef5F§lﬁe85nﬁﬁ?mﬁQﬁﬁnﬁkmlewn and can, with further miniaturization
of the sem conductor device, have an increasingly negative inpact on

circuit perfOFmR¥BItioR resdsiteg tpatasi fabrLonacdd d3Ce,aRg Lesy st ance of
the netal interconnections can significantly degrade chip perfornmance. O

most cGHEENATI ASYRFSS r evpkatories pare 1ol 4208, HOR M0yt he TSI .

reliable, fine pitch solder bump at low cost.

(2) Description of the Prior Art

Semiconductor device pPackaging has over theIYears 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
mangfacturing cost. This trend has led to a significant increase
in semiconduqtor Qevice density, which places increased emphasis
on device or .package I/0 Capabilities. The metal connections,
.which connect the Ihtegratéd Circuit to other circuits or to
system compgnents, have therefore become more importanf and can,
with furthgr miniaturization of the semiconductor device, have an
increasingly negative impagt on circuit performance. Increasing
parasitic capacitance and resistance of the metal
interconnections can significantly degrade chip perforﬁance. Of

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




2-8 JUL 2005 and ground buses and the RC delay of the critical signal
paths. Attenpts to reduce the resistance by using wder netal lines result
i n higher capacitance of these wires. One of the approaches that has 2005

t aken tg,, h pac in roblems is to devel op | ow resistance

net al s %scﬁc %S?h ggg%“cér%cltfgtrqjet ﬁgoidﬁtq@lycSﬁn’éB? o Fdsalwisilibeal opa et €l ectri c
consta ri,al s_are being used in between signal |ines. Another
approa%tt%%tt%o:t\%er% o)) eﬁe ?ﬁes|l/8(§ae§§a§y| neynhasidsgemetaldeshgn chi ps and
chip parceks%qitng tgchgi gues that offer dependabl e nethods of increased

i nt erconnecti ng of I8RT PPRACE egs ohabhesramifect uring cost. This has |ed
to the devel opnent of Flip Chip Packages. Flip-chip technol ogy fabricates
bunmps (typically Pb/Sn solders) on Al pads on the chips and interconnects

the bunps directly to the package nedia, which are usually ceramc or

~plastic bas€®® THe ¥h¢paphirpatsebonded fiace down taxthe RACkage, pedi um

t hrough the shortest paths. These technol ogi es can be applied not %ﬁ?y to
si ngl e PAKIPIpAREK BFCRGEmBULi salts0 davdiighel o®r rekNdeoral ek d gvel s of,

packagi ng in which the packages are larger, and to nore sop{i §11cat 33
subst r &8PeFhatodc Ebmmbdaeecemveral witdd PSwit 0 d ardp |l argerLupctignal units.
2 2 8 JUL 2005

materials are being used in between signal lines. Another approach
to solve problems of I/0 capability has been to design chips and
chip packaging techniques that offer dependable methods of

5 . . .
ncreased interconnecting of chips at a reasonable manufacturing

costi This has led to the development of. Flip Chip Packages

Flip-chip technology fabricates bumps (typically Pb/Sn

| solders) on Al pads on the chips and interéonnects the bumps

FLTe

directly to the package media, which are usﬁally ceramic or

plastic based. The flip—chip is bonded face doﬁn to the package
medium through lthe shortest paths. Thesé -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 functidnal units..




The flip-chip technique, using an array of 1/O interconnects, has the
advant age of achieving the highest density of interconnection to the
device conmbined with a very |ow inductance interconnection to the 2&;1&%1@?@05
However, pr -}geesglabi_l [ t,)élr post - bonding visual inspection, and Coefficient
of Ther mal pansi’on ChEeTEF Bt ent ngr tieavei drselder bompi Rl @ugears, still
chal | enges. I n unting several packages together, such as surface ’
mount i ng~a Terdial th4ek agea el av plastic Mioaed: tbes TGE 48 smatch can cause
a large thermal stress on the solder-lead joints that can lead to joint
br eakagt tA K 95 1981 Ger that dejvecd rammttienperatyr 8 S¥eF NG, 19RGRALLQDS.
Prior Art substrate packagi ng uses ceramc and plastic flip chip .
packagi WY S CSIRE 1oabser Bhe pache ngiows vexpepst vee AhiNas y PLGYEN to
limt the performance of the overall package. Recent years has seen the
ener gent@ G DIVAstind 40BREPRE @ £ |dny Cloleffipackagbngrnd s EYR&n0f opackagi ng
has bec the main stream design and is frequently used in high volune
flip ch{)(%&%da@l?&(j@mﬂaﬁiai raetdmoltve phast fatsubstaal esdihip g p.package
perfor% satisfactorily when used for lowdensity flip chip Integrated
G rcui 'S (1EPHLNY| pevhBahumbdragsts piogstarrpatady 4 Apthe! Qohﬁtilﬂ'%%, t hat
is in excess of 350 pins, or if the nunber of pins comng fromth Cis
| ess t Ifdif 386 Bar*efe Fequinledtdvebakird, patkages SiiZeaitenS BBL! < 4 he Pl astic
flip chip structure becones

large thermal stress on the solder-lead 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 pPackaging has become the main Stream

design and is frequently used in high volume flip chip package

fabrication. The plastic substrate flip chip backage performs

satisfactorily when used for low-density flip 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 reguired oﬁerall

package size is small, the plastic flip chip structure becomes




3-26 JUL 2005 conplicated and expensive. This can be traced to the
multi-layer structure used to create the plastic flip chip package. This

mul ti-layer structure results in a line density within the package 28 JUL 2005
typi cal T 1] .range. This line density is not sufficiently high for
real i zi %ém@g‘:%‘r\d out” fYERehESchi BL ¥/ @1 P4 easetder tihalmust wn 1the -package
W thin gt%g ) Ig%e ,, leading to the multi- |layer approach. The

nul ti -1 ayer appro B9 Ag§ahFt khetpinetisdldh chepapavedye t hitgk (50 to 75
pm diel eftri c layers, these layers have a Coefficient.of Thernmal

Expansi BR FETEY$hatt HustesRsraentbs yin b ghere nbaaiwewﬁrﬁroftﬂeh%alcﬂmagat e
board on_which the plastic flip chip package is nounted. To counteract
this di Pfer¥ntzd iy CPEM1t henovermiis packagensusy be {dhensmiily .and
mechani cal | 351% bal anced resulting in the use of additional materi al and
processihy" st¥p< 0 1@3poy thheten neterfans chienenegsing tdeaLsh 10k, the Ball
Gid Array (B&A) packa%e and creating a yield detractor. In creating

seni cor ‘oroHdvicc @sckape veehihol ogyiafle i1ayerconsestd e Aevw.ces, and
device features is a continuing challenge in the era of sub-mcron

devi cest@ ¥ RS S@nd The| deltiblmps apprbaefgushi hys used, fiqr A 359“{@056’
wher eby continuous effort is dedicated to creating bond pads and sol der
bunps t?ﬁ&at%ﬂqgﬁﬂﬁﬁﬁpé,(5@|t@b7%IHMdCHmﬂkﬁeﬂstaners, these layers

have a Coefficient of Thermal Expansion (CTE) that is considerably

higher than 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 matérials, 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 erxa of sub-micron devices. Bond pads and solder

bumps are frequently used for this purpose, wﬁereby continuous

effort is dedicated to creating bond pads and solder bumps that

are simple, reliable and inéxpensive.




4 2 8J UL 2005 Bond pads are generally used to wire device el enents and
to provide exposed contact regions of the die. These contact regiogg‘gge
suitable for wiring the die to conponents that are external to the<di iy
exanple is W e gdbond wre is attached to a bond pad of a sem conductor
die at one end aRd to%a®pdrifouiviusedrihiddeciderice Boemenes die wf her
end of the wre. The art is constantly striving to achieve inprovenents in
t he créﬁfw'ﬁg of *BBRAGY pacnidrdt  giemprnby phe nEnufdiet.ur TREsPr 0cgSS: Whi | e
enhanci ng .bond pad reliability. Materials that are typically used for bond
pads i MEIHEE® MEtaldVicaparerdioal viringh s tdingst®Ncamshn ] dam tHap ETME l e
al .

heavily doped olxsilipon can al so be used for contacting materi The
bond p&dtieSPedr FRATbA €He- tArp Siaridee iof wHeeesaMbeaAdWELOT 1 deyi Ga., her eby
the electrically conducting material is frequently enbedded in an
i nsul ati°h@ P&Yer Paf af efedeirieondurtysi nje pal yakl L6QN2AS the; hand ;pad
material, polysilicon can be doped wth an n-type dopant for contacting
N-1egi Ofs AWAFRBCPE EhRCBEt Riopwd aki thepotype dopast £08 GOAL AGH{NY ..
P-regigns. This approach of doping avoids inter-diffusion of the prants
and dodéntcoqﬁtﬁpégh’oﬁ.trliﬁihg tlearchikate |iomwrearhmastsr esl strence- 41 fhe bond
pad area is required while concerns of avoidance of noisture or

of bond pads that simplify the manufacturing process while

enhancing bond pad reliability.

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, pelysilicon 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 soclvent absorption, thin film adhesion characteristics,




chemi cal sol vent absorption, thin film adhesion characteristics, 5 28 JUL
2035 delam nation and cracking play an inportant part in the creatjon of
bond pads. The conventional processing sequence that is used to creéBelUlagith

aluninugg ggdeﬁfd starts with a sem conductor surface, typically the
surface” of a4 E %o Ei AGREIY Y PRe 1g@Bstrat epartA inayee ekehfisa Met al

Dielectric (I is deposited over the surface, a |layer of netal,
{ St

typicaJ? is deposited over the surface of the layer of IMD. The
| ayer of netal is patterned and etched typically using a |ayer of
photoresi st and conventional nethods of photolithography and etching.
After a ~bond pad has been created in this manner, a layer of passivation
i s deposit ed 6vEPTVRBLI @3} R¥foJavBinAnsepennng tiat il GRS Wht Bredfie bond
pad is created in the |ayer of passivation, again using nethods of
phot ol i thograpiyaRanet R rng-a A scoriventi enaicominorbit kat-rfhseysed to create
a sol der bump  over a contact pad is next highlighted. Figs.- ‘1 through 4
show an-YR:Girhde thE BRBLRfFe tdHe etifédont hatgls wsed 10 i6eeatBsefate.
i nterconnect bunp. A sem conductor surface 10 has been provided wth a
metal ContHEE PadIETa (¥t aleRicdwdtctior (WP ace ddpdss tepr obeetege Wi th a
| ayer 12 of passivation. An opening 19 has been

surface, a layer of metal, typically aluminum, is deposited over

the surface of the layer of IMD. The layer of metal is patterned

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 photolithography 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 thrdugh this opening 19. Next, Fig. 2,.




created in the layer 12 of passivation, the surface of the netal contact
pad 14 is exposed through this opening 19. Next, Fig. 2, 6 2 8 J U 82 52[][]5
a dielectric layer 16 is deposited over the surface of the |layer 12 of

passi vation.. The layer 16 of dielectric is patterned and etched, creating
an opeﬁiﬁ@eichﬁth a¥ayel® P65 stendisdicedt perttiat swifiages o thet he Jet al pad
14 and that_partially exposes the surface of the netal pad 14. | ayer 18
of metal? AyPREAIV§LHSR nghadercrBlfpoRkbtiatl erigyi d WUBMpatiksrgEgat,ed over the
| ayer 16 of dielectric, layer 18 of netal is in contact with the surface

of  theHéea pagatany nek deweopend g 24. tRbelapgi o of bayer 18; of., et al
that is above the netal pad 14 wll, at a later point in the processing,

f or m a Péd@st i Lbvehe whi ol trhel i1t enaoBReet phiiin1 W bkpbgeforned. This
pedestal can be further extended in a vertical direction by the deposition

and. pa&tépsengfotheneeiorl pror @ 4addi thosal 14 ayenethhat (HBYSPNS aid 2
photoresist or a dielectric material, these additionalgﬁagergﬁgFQQ%n

shown UrdeFrgump-Mahebutay eustessest tabhyedaat heshape,of | ayer 16 and
are renoved during one of the final processing steps that is applied for
the forHRLPEATSE, t heyémtidr conmect 1buBpin AsdRyere ofi tRNeLOr 85584 ngt Shown)

is deposited, patterned and etched, creating an opening that aligns with
t he Coﬁpgcweﬁaa pad 14 inside opening 21. The region of layer 18 of

metal that is above the metal pad 14 will, at a later point in

the processing, form a pedestal over which the interconnect bump

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) 1is deposited, patterned
and etched, creating an opening that aligns with the contact pad
14. A lavyer 20 of metal, such as copper or nickel, Fig. 3, that
forms an integral part of the pedestal of the to be created
intexconnect bump, is next electroplated in the opening created

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




14. A layer 20 of netal, such as copper or nickel, Fig. 3, that forns an
integral part of the pedestal of the to be created interconnect bugrg, d&rs]
next electroplated in the opening created in the |ayer of photores U 4005
on the surface of the layer 18 of 7 2 8 J UL 2005 netal, whereby the

| ayer 1BSS®rvedeasbyhshboheyeel Ktyaoe dusi nget hewdt atig BHACESS; %a_yer 20
in prior art applications has a thickness of between about 1 and g\ pm

with a typirdativael peootssabbaye’d aMinThe ibirnakt | @ﬁﬁic?a%i%ﬁlssﬁgge% is
el ectroplated on the surface of layer 20. The patterned |ayer o

phot or et stkriess st lidnbereren esbodhel laayen 018mofii PRt Al ¢S Xt eLched, Fig. 4,
l eaving in place only the pedestal for the intercorinect bunp. Diring this

etch prdesss I he.depestiedl | Byass 220 3Ndo2dcs€f Ve A3 | f as
i ndi cat ed above, additional |ayers of diel egt ric or pﬁg)?gﬁéggi %If‘ Hive been

deposi tedrfare tofe 1hyeiheo. shapifg «frnepedestal o484 i3 <2 sLhese |ayers
are also renoved at this tinme. A solder pgsteoo?pl#cﬁl??e%ﬁgt SRV e)’ni S now

appl i edrdmotche | ayer 22 of solder, the solder 22 is nelted in a reflow
pp y
surface typically under a nitrogen atmosphere, creating the sphericall
yp y g P 9 P Y
shaped interconnect bunp 22 that is shown in Fig. 4.
The layer 18 of metal is next etched, Figqg. 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,
ras'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 applicafions that

are aimed at creating interconnect bumps make use of layers of




In addition to the above indicated additional |ayers of dielectric or

phot oresi st that can be used to further shape the pedestal of the

i nterconnect bunp, many of the applications that are ainmed at cread 8nWL 2005
i-nt erconnect bunps make use of layers of 8 2 8 JUL 2005 netal that serve

as bar miegrall apersserve hat thave cot Nayespestf i PURRSES nSUSH %ffj_tche
i nprovenent of adhesion of the various overlying |ayers or the preventi on

of dif frugipomeof materialine b@bmeamaﬂkasﬁnédﬂ@:é’i%é-quti{%léevL%‘ iy

collectively formlayer 18 of Fig. 4 and have, as is clear 170mthe above,

an ef f everdmingelaghapeonfitichereosnt ebgdobunp: and &r 6 ¢t HQFSLPJPS frequently
referred to as Ball Limting Metal (BLM |ayer. Frequently used BLM | ayers

are subteewssencaandcaverlatiorg .l ayess 0f  &hE 0,1 LQAREK A o] d er eby
the chrone is used to enhance adhesi onyvvith an unge Fl% ﬁgrﬂaﬁ?’rﬁrﬂ% cont act

pad, tle& coppet bayetawsr \6eS ik0cREgYeRlon difd UsiQR of solder. materials into
underlying layers while the gold | ayerorgerves%%togr%ﬁrfg\][}e%%g%% dit %cpr‘? of the

sur f acehabet be trOPRRiplcayer bufpeaBYM layalcdSd 8 of Figs. 2 through
4. Increased device density bri ngg with it ?ncroergggc;ie%}l%rsntél s"gefedzfced .

conponent ssandlel BIRNE ihid MRladr ¢5RAY t19fet .heE'd:cerq%%E’i%_dL gen .Cgfr}g' e

devi ces. Thisincreased cl oseness is expressed as a re UC?I o imMANE

spaci ngrer siptéshivdeleeneehofRYt $aPEr@ or chrome, copper and gold,
whereby the chrome is used to enhance adhesion with an underlying
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'eieménts of a
semiconductor device. State-of-the-art technology uses solder
bumps having a pitch of about 200 um, which imposes a limitation

- on further increasing device density. The limitation in further
reducing the pitch of solderx bumps is imposed by;concerns of

reliability, which impose a relatively large ball size for the




sem conductor device. State-of-the-art technol ogy uses sol der bunps having
a pitch of about 200 pm which inposes a limtation on further incrggrsdi ng
device density. The limtation in further reducing the pitch of sol UL 2005
bunps is inposed by concerns of reliability, which inpose a relatively

| ar ge balldesi pemporTihe 2128 i34dh 20954 SH . rLRLS atively large
-sol der ball restricts further reghcing th%gggigggﬁbgﬁfkgﬁégﬁ.%qﬁgﬁgha

maj or i tyedokiapptheasdoiss wsaliden cbynps are used as interconnections
between 1/ 0O bond pads and a substrate or printed circuit board. Large
solder balls bring with it high standoff since a solder ball with high
standoff has better thermal performance (CTE m smatching is easier to

avoi d resul thnghé may&duced £ herial sl Less he.sol der balls). Large
sol der balls are there?%fe re%&irea %n o?d%gi%gi§ﬁpﬁﬁa?ﬁei%ﬁ% hnect

reliabiihitkYcoh¥ea] [ KSna i vpi d soft error (el ectrical
or functional error§?§#$§%§%§C5?Pigg%at %§%5§K951F ﬁgf?%ﬁ thepdtsht i al

for inadvent entoSBAOry; s r incorrect setting of the voltage (1
or 0). US Patent 6,162 2%%%ﬁ%§ g?ﬁé .§riﬁ JFﬁ@leohlgﬂesF%EHQ%% of an

| ntegr atigdeChr 641 &e Y15 JiG! HILAY-IERESEE NG B 0LTCL, BUNp on & surface
of a bond pad.
performance (CTE mismatching is easier to avoid resulting in
reduced thermal stress on the solder balls). Large solder.balls
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 (Faraworth et al.) provides a éompliant
contact system for making temporary connection with a

semiconductor die for testing and a method for fabricating the

pliable contact system.

i0




US Patent 5,756,370 (Farnworth et al.) provides a conpliant contact system
for maki ng tenporary connection with a sem conductor die for testing and a
met hod for fabricating the pliable contact system 10 28 JUL 20052 8USL 2005
Pat ent 5, 554, 940 (Hubacker) addresses the probing of sem conductor devices

that have begnrepeent dedssd 1y £ QML@GL KBYIPSaq AN, f,0 ion of peripheral
test pads. US 5, 665,639 (Seppala et al ;’r’p U 6,04551’;%1?&{3?%%%@0 t al.) and

US 5, 882:850nkiki-0)r Shov 4! atied huma B@gﬁeﬁ%%i%el%gﬁgggbgggﬁ ao et al.)

shows a pedestal process using dry resist. T&A des a

processmnénpackager{ o o@cggrq\gh@gawafcggtﬁ%ggi{wpackagi ng, which incl udes
formation of a solder bunp. SUMVARY OF T | NVENTI ON A princi pal objective

of the invention is to provide a nethod of creating a fine-pitch sol der
bunp. Anot her objective of the invention is to provide a method of

creating smakl er ¢89! ey 1af Wit her, al | f o .t creation . of
fine-pitched sol der burrpgé%’HB%??La ? ) 71586 51 s of MBnghEE! L0 3

and US 5,882,957 (Lin) show related bump processes.

US 5,633,535 (Chao et al.) shows a pedestal process using'

dry resist.

U5 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 principa; objective of the invention is to provide a

method of creating a fine-pitch solder bunmp. -

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.

i1




2 8 JUL 2005 Another objective of the invention is to provide a cost
effective nmethod to create a fine-pitch solder bunp of high reliability,
due to the increased height of the solder bunp. This objective i%gagedygn
the believe that solder bunp reliability inproves proportionally to the

square of thacdhstanspbetmeer the igobder.hall and.t nder| yi ng
substrate. Another obj ectli ve of theli nvent?on 4| st%t %Eﬁpg\c}igdae %O%tost -

ef f ect iorgrewaY velf mef 188 it 3 es@kdgr +hHAD, ; JHi S - cLive.way is
realized by using standard sol der mat er%ll anc lt gr %\f?\n;“?h%eﬂ‘}r%anati ng the

need fafei1expensitye dhoOWA 13Q dakre- ARt RET QD] i ve the_invention is to
provi de a cost- effective net hodrg?1 creatigrr]g a%?tr?\éé- SIB gﬁrg%llllr&)efr %‘&ﬁ‘p by

reduci rgpjeheval phapefdecin AMeMBEDE ¥R PHUCt Sy ’}%ﬂﬁg abj e¢ tJ].lv% of the
invention is to provide a nmethod of creating solder bunps i'chal | ows an

easy nehhpedvet gtegettihbndliyx caf 8L LHE, PL 0G£S, O iLng_t he sqlder bunp
has been conpl eted. Anot her objecti vg %f theSﬁﬁlﬁvgﬁ%%gﬁ%sg?%weperno%hﬁe a

met hod s@ft deer 8at i Ngh oller, R i Whi chyal L ovs easy appl i cation of
underfill. 12 28 JUL 2M ru I'n gé}g’grdance %/)\nty%'h t he process of the

i nvention, a contact

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-« 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 bheen

completed.

Another objective of the invention is to provide a method of

creating solder bumps which allows easy application of underfill.
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pad is formed 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 the contact pad, an opening is created in the |ayer @gJUL 9005
passivation that partially exposes the surface of the contact pad.

barrier |ayen hscdeposid edtavert Re clayer n including the
openi ng created fn the | ayer oe %a%& vatlfi)ggheza%g[:eéﬁ%ogf T ht é’etaIcéyers of

nmet al ixsdf 9sMedrmoyesd V4 NGt a ned_w th the contact
pad anI(I:;I)%l havi ngrrg di arlrret er tllag)%lg?é%goﬂ%la%aceﬁedl %q’e% ngur:‘,\ﬂa #5104 he

cont acigipadcrFhe, three, Jetal t 20l urm rise, in succe55| on
when pr(%ceegl ng fromffjf]e aygﬁgiéﬁ(’gt?énl{gccg oésé“tte ertwée biasre ot | ayer,

a |l ayeg;ah Q&I@rf&etgﬂ a f and a | ayer of sol der
metal . The | ayer of pill apram#el):ég Ollqsoyng?ucée) r]Epa‘:tdlpgﬁét 2P, RHE-TarS er | ayer

| i the | ti ft
whi oh CEEF Lo b o Che CorReP ast o AR &%ﬁfﬁ%@ém@% b 3e the.

i nventi I I T gs. 1 throu 4 show. a prior
art met %ggaégi grgegﬁsn%gﬂ a-gcg\lpaer’ gE?r%r%*/eelf yﬁ"& éSpS?R?Sb?e%ICé’c@crr itRal

cont act I 13.2.8 L 2005 Fi shows a cross section of a
senico% ctor %Q a%%stlon 1nciug£ng the opeé%ng created in the laver

of passivation. A column of three layers of metal is formed
overlying the barrier layer and aligned with the cbntact pad and
having a diameter that is about equal to the surface of the
contact pad. The three metal layvers 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 piliar 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:
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the surface of which a contact pad has been created, the sem conductor
surface is covered with a patterned | ayer of passivation. Fig. 2 shows the
cross section of Fig. 1 after a patterned |ayer of dielectric and2a Jisyenns
of netal have been created on the sem conductor surface. Fig. 3 shows a -

cross section pf Fisgowd afLessa r_ of b tal and sol der conpound
have been sel eggti vel f/)wdeposi tséd.é%%/%.O% Osfh(%\r;rvggmg?%%cllsucseo isélﬁ%éFFe?n

excessi ¥g. | ayers-have r ed fromthe sem conductor surface and
after the solder has ggﬁ ?e‘?{%\y/\a/é% pfaéi?]rlﬁarslgb?ﬁ% ?Ifﬁagtre niié€t bunp. Figs. 5

t hr oughg J.6; add£5S, .t I ntio ol.Lows: Fjgs. 5 and 6 show a cross
sect | gns%gl conpl et gdgggFg(\é(rg %%m%osvea%efé twﬁé:%i ﬁv@ﬁhg%lfﬂeq:i YeF Sfhows a cross
section, of ; & 58mjconductor surface, a layer of dielectric has been
deposited, netal pads have been 14 2 8 JUL 2005 <created, a | ayer ‘of

passi vati on has been deposited and patterned, a |layer of barrier materi al
has been deposited. Fig. 8 shows a cross section after a patterned |ayer of

phot or esi st Jas been gLeafed er the structure of Fig. 7. Fig. 9 shows a
Cross secti onag;fter SI (ISI ar n%%% ° Has D nO% Fig. f attlr a Pattgrned
layer of dielectric and a layer of metal have been created on the

semiconductor surface.

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

metal and sclder 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



created aligned with the netal pads, under bunp netal has been deposited
over the surface of the pillar netal. Fig. 10 shows a cross section after
sol der metal has been plated over the under bunp netal. Fig. 11 sp@wsila 2006
cross section after the patterned | ayer of photoresist has been renoved

from t hersrdmca. 1E,8r 32, pSHoms: & &f 95S $8eh] 180 1 Lapeter of the
pillar netal has begnrredd%ed. Fig. 13 shows a8%$%%€§%%gpsoﬁagggﬁ$eqhe

barri era | eyl hasnapeenrehehed Using isQtrapi ing, creating a first
profile. 15ré 8 JSL 2065 Fig. 14 shows a gbgggéégbtion after the barrier

| ayer has been etched using anisotropic etching or RIE, creating a second
profile. Fig. 15 shows a cross-section after the solder netal of the first

brofile has ieensl ehbaued. cFig SU&.RWS AL 9555 SAEL1ON,alLer Lhe sol der

metal of the second profile has been reflowe HE

PREFERRER (VRADSVENTS Refr &ddid PW3RECHE] ggk&%t&roe F19p;2, Lhere i's shown
a cross section of conpleted solder bunps of the i nvention having a first
profile. The termprofile refers to the difference in which,

Fig. 9 shows a cross section after pillar metal has been
created aligned with the metal pads, under bump metal has been’

deposited over the surface of the pillar metal.

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.

15




during one of the final steps of the creation of the solder bunps, the

| ayer of barrier netal is etched. For the first profile of the solder E%ﬁ&f
of the invention, an isotropic etch of the exposed barrier netal 4

performed, renoving the exposed barrier nmetal except for where thls

barrier netrlg.undeshbes hhem@&é|éﬂcﬂﬂﬂhﬁbf@%;tB§e|5@§¥géﬁM1ayL§ ggSJUL 2005
For the second profile of the sol der bunps of the invention,

ani sot riepire etledusihg exposecbhial rdteh gt 8k RS pesfofEd, o ng the
exposed barrier nmetal except where the barrier nefa 'S shleF§g§X¢r0n1the

ani sot repbilet.ch by the solder bunp, prior to reflow of the sol der bunp.
Shown in cross section in Fig. 5is the first profile of the solder bunmp
of the invention, the elenents of this solder bunp- are: - 10; the

sem conduct or surface over which the solder bunp is created, typically t he

surface of arisj. i1GORNSRRI §O0RELES Ve ctSURSHERLE £1,30, ﬂjéla%%rtag Iglegctric
t hat has been deposited over the sem conductor sur ace cont act

pads t hairhava-draer ereabedh oreihgsurface of the layer 30 of dielectric

Fig. 16 shows a cross—section after the solder metal of the

second profile has been reflowed.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now sbecifically to Fig. 5, there is shown a cross
section of completed sclder 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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- 34, a patterned | ayer of passivation that has been deposited over the
surface of the layer 30 of dielectric; openings have been created in the

| ayer 34 of passivation, partially exposing the surface of contactzgga@T%ﬁS
- 36, an isotropically etched | ayer of barrier netal; because this

of barrier HFetathe hascdieepricFeleopiccahtyssiddiedunie,sbarLi gr, Jigtal has
been conpletely renoved fromthe surface of the 17 28 JUL 2 ayér 34 of

passi vahi anieatepsimhare EHEthérék?bs@@tﬁﬁrff%ﬂxag%ggdisb%e%ﬁf?@%ﬁrlying
pillar nmetal (38) of the solder bunp -38, the pillar nmetal o FHe sol der

bunp - ré@ovanbayes efpamdenabuiprnrbah cseatad vl VipoLhe pillar, netal
38 of the solder bunp 42, the solder nmetal. Shown in cross section in Fig.

6 is the satonde@rofon ectef antiBersebUer o BEL Pf e ok BYENL | ’g}ﬂ% el ement s
of this solder bunp are the sane as the el éments that have been descri bed

above tborethewfdf stheprafiidee 8fimphe sol der bunp of the invention with the
exception of layer 35 which is an anisotropically etched |[|ayer of barrier
metal which, due to the nature of the anisotropic etch, protrudes for the
pillar nmetal 38 as shown in the cross section of Fig. 6.

Shown in cross section in Fig. 5 is the first profile of the
solder bump of the invention, the elements of this solder bump’
are:

- 10, the semiconducter surface over which the solder bump is

created, typically 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 cof 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 lqyer 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




Figs. 7, through 16 provide detail of the process of the invention 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 surfaci, 6h%
followi ng el enents are highlighted: - 10, a silicon substrate over Gl 2005

surfac ihC - tac s. 32 have bheen .created 18 2 8 JUL 2005
- 30, ga&%§2§ho?fgﬁéﬁ%€%$§€%t gfgﬁgsw %%%%35% S8 olPeF 2t nks siveaed - of

substr +1Q ¢ t.al tac ds, typically conprising alum num
creapeg?ﬁver Eﬁ%giﬂ%ggggﬁéartﬁggfgéi?ggdl%ﬂjﬁfépgfﬁ¥iE“?pfﬁ, ?'Iayegooff
passi vati,on, i ‘ osite er the surface o e |ayer 0
dieIectPPé.t%pZ%fngérhé%%dbggn%é?eﬁ?g FLi%Mhe | ayer 34 of passivation that

align w t he | contact ads 32 artially exposing the surface of
t he contggf %aégyég‘gfégF%ﬁ'Paggrm8Fa£a.??%ﬁeqnﬂﬁﬁFlﬂhaﬁ & Biddmrrcr eat ed

over the.,_ surfa | ayer 34 of passivation, including the openings that

have beeﬁacrégtgg ?ﬁ?t%ﬁéﬁeéyBPm§4 of passivation, contacting the

under| yi ng C?Héagéyfadsé%%l As dielectric material for layer 30 can be used
ypi ca

any of the’ iC ?E§$pliéd di el ectrics such as silicon dioxide (doped or

Shown in cross Qection-in Fig. 6 is the second profile of
the soclderxr bump of the invention, the elements of this solder
bump are the same as the elements that have been described above
for the first profile of the solder bump of the invention with
the exception of layer 35 which is an anisotropically etched
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 creatred
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undoped), silicon oxynitride, parylene or polyimde, spin-on- glass, plasm
oxi de or LPCVD oxide. The material that is used for the deposition of

| ayer 30 of dielectric of the inventionis not |imted to the mateég?lli

i ndi cat ed above but can include any of the commonly used dielectri Lk 2005

the art. ;Fhe_.c I on. of. tal .contact pads 32 can use conventi onal
met hods 8?' rr%tcia &%]f %fput{ﬁegegeicﬁélgt ggatfeﬁ%%r}%ﬁ‘?ﬂ ceperhetf amuttik00 and 400

degreeg, Cr,80d, 2 pressure q%t ween about 1 and 100 mforr 19 2 8 JUL 2005

usi ng as source for 1nstance al um num copper material (for the creation of
al um nu ontact pads) at a . flowrate of between about 10 and 400 sccmto
a thi ck%g’s E@%m%%%a%ab‘:&ﬁtaﬂioﬁagﬁd §YRYeR L Ah GorPsitingt eFuminwyer of net al
has beggeggggs(i)teerd,ttehe | ayer nmust be patterned and etched to create the
al uni nim cont act. pads “3ZEFRi §Tphbt et I ey Ih@feféningtuses conventi onal

met hods gf ghjgtol ith %rj_’ssph and patterni ng:t and etching. A deposited |ayer
of Al Cudan? et ¥tk isﬁéaéi?Y‘AFh%ﬂ’s Bis decmaferasibed epper dther e bet ween
50 and 20% degrees C., an etchant flow rate of about 20 sccmfor the Cl12
and 10887 52¢Mm Tortithe aner 0ppésdipbepetie®peabiout BOvailaran antat@dTorr, a
time of the etch between 30 and 200 seconds. In a typical application
insulaﬁpnbh?a§%ﬁ%f HGf pessivpebpn that align with the metal contact

pads 32, partially exposing the surface of the contact pads 32'
— 36, a layer of barrier metal that has been creatéd over the

surface of layer 3@ of passivation, including the openings -that
have been created in the layer 34 of passivation, contacting the

underlying contact pads 32.

‘As dielectric material Ffor 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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oxi de and oxygen-contai ni ng pol yners, are deposited using Chem cal Vapor
Deposition (CVD) technique over the surface of various |ayers of

conducting lines in a sem conductor device or substrate to sepanrat gut 765
conductive interconnect lines fromeach other. The insulating |ayers can

al so dgppsd ted paLt.e | ayers .of interconnecting |ines, electrical
cont act %ﬁweer?%\agﬁgcgé%i %12§\?%r§/%ear sa%(%lfmlinﬁlfnéﬁ%ﬂ‘ﬁ’éc{??trf‘dfliai%né§orst}é%t abl i shed

with geial;ad - [ e.nsulating |layers. Electrical contact to
the chipis ty%?c%?lggﬁlggrtna ?rlgg ed P&fsﬁe&ﬁsaﬁ%nmﬁ?g YPadstorencont act pads

that fosamel ctrisC i face i.th patterpned 20 2 8 JUL 2005 |evels of
i nt er connect | ng rre'?glo F%ﬁ%segﬁsger{%éllcr;ﬁnieﬁgs Sgﬁe%‘bv%k?qugtr 408 rhAebledh be

connec g Q01 ha shapdL ng s.or .cgontact pads. After the bondi ng pads or
cont act&%ads have been %f‘%gt%% I%er%:atqhtgagu}ogﬁ’&ege%‘?sﬂ?éi'cHPB, 1gxer bondi ng

pads Qf;£SOHACL ++- a P vated and electrically insulated by the
deposi tion o%agtgggg?vgalﬁ o‘%éqﬁ{fngrt%\?ér?afcﬁetg%r?%@%@ CREtPBRAPIES pads. A

fepos 1 by rar SR8 L R vagers: Copatteiated matogechad Lo cr eal e
ot or iy ch & SaRaRRY (B A RTry e Gkopase Valoroaper av bet
dGDOSiﬁfﬁ%'E%%_Egrgbgﬁeérﬁéﬁégiéig/gr as an etéhant at a temperature

between 50 and 200 degrees C., an etchant flow rate of about 20

sccm for the Cl; and 1000 scem for the Ar, a pressure between

about 50 mTorr and 10 Torr, a time of the etch between 30 and 200

seconds.

In a typical application insulating lavers, such as silicon -
oxide and oxygen-containing polymers, are deposited using
Chemical Vapor Deposifion (CVD) technique over the surface of
vgrious layers of conducting lines in a semiconductor device or
substrate to separate the conductive interconnecf 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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and protection of the surface of the chips fromnoisture and other
contam nants and from nmechani cal danmage during assenbling of the chips.
Various materials have found application in the creation of pass$yajjLonils
|.ayers. Passivation |layer can contain silicon oxide/silicon nitride

(S 02/ S3M4), deposiled i VR, A Rassiyation, Laver .can be a | ayer of

phot osensi tive polyim de or can conprise APEFi 384 Anot her

mat er i ° d assi %ti.og l,ayer, .is phosphorous doped silicon
di oxi dg’lof’ %g%/s?slgrt?%p}%gﬁrﬁ %a%dZ%oél Phd%hed, ta e doncdyer P8RS @ Tuni num

interc usi rature D process. .In recent years,
phot osg%g?t%\%eﬁéggl %ﬁe t&%snggrngﬁﬂgn?f‘ ° beerF ULEF T BRI NBET datSron of 21 2

8 J U L2904 passiyali |.ayers, . Conyenti gnal polyi m des have a nunber of
attractive characteri strl%%s‘?e%or%ft &P SAppi i@é i RIarade P ditddecsr devi ce

struct yLgs Whic V. ighlighted. . abpve. Photosensitive polyim des
have t hese saﬁeg%%%ﬁ:%gf%snﬁ %gec GEC2hhY 1P HAdEE BY, the PeRIerided |ike a

phot or ggi gt angd. after tterning and etching, remain on the
surface on ﬁ%ﬁv it %glgargfgé:eﬁvggpg@?t%'ﬂr %g%éjriléh&sbangé%%ili’ﬁé%si o | ayer .

Typi cal Ly and; I nprove surface _adhesi on and tension reduction, a
precuréorsf'agg%(gﬁ?si Tt depoSi-tal B%fl‘?‘i’ﬁ‘ FdFgIcd L iepnveht fisial

© (5102/81i3N4) deposited by CVD. The passivation laver is patterned
and etched to create openings in the passivation léyer 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 tﬁe creation of
passivation layers. Passivation layer can contain silicon
oxide/silicon nitride {SiOz/Si3N;) deposited by C§D, a passivation
‘layer can be a layer of photosensitive polyimide or can comprise
titanium nitride. Another material often used for a passivation
layer is ?bosphorous 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

2%




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

pre- bake, exposed using, for exanple, a step and repeat projection aligner
and Utra Violet (W) light as a light source. The portions of theg jyL 205
precursor that have been exposed in this manngr are cross-I|inked, thereby
| eavi n§2gAeXpbsed ¥afins Copvhatianel notl cimdses! haked) Swesed hg: bondi ng
pads. During subsequent devel opnent, the unexposed polyi m de precursor

| ayer 2atévertine Hordigigrpadsysi Sodi Ssalwethpltikereby proyi di ng openi ngs
over the bonding pads. A final step of thermal curing | eaves a pernanent

hi gh qH&MEYPRSEIN atdwirel ayencoiirpol whintdeaeeebetheni gubsi@le. The
preferred material-of the invention for the deposition of |ayer 34 of

passi vaPPBf - i Bt essres ifrivanpedly il deormhanid nikdee RRe SE30M) ot d8ReSiLLed usi ng
PECVD technol ogy at a tenperature 22 2 8 J UL 2005 between about 350 and

450 defrEesa, i taviditpoessbeepatteeiswan @baubndt8rafds. & koh4f or the
duration between about 8 and 12 seconds. Layer 32 of PE S13N4 can be

deposi £ed, t af et tpatimess ngbehueerciahayt 2R 1aNen800e ABYSEL QMo Layer; 34 of
PE Si3N4 is next patterned and etched to create openings in the [ayer 34

that o¥érhay heeh aldmpsiwetihtbheerwndeys la/igag 690t ash Paz‘ﬁjér.?’%ypically

and to improve surface adhesion and tension reduction, a

precursor layer is first deposited by, for example, conventional

photoresist spin coating. The precursor is, after a low

temperature pre-bake, exposed using, for example, a step and
repeat projection aligner and Ultra Violet (UV} 1ight as a light
source. The portions of the precursor that have 5een exposed in
this manner are cross~linked, thereby leaving unexposed regions
(that are not cross-linked) over the bonding pads. During
subsequent deveIOpment,‘the unexposed polyimide precursor layer
(over the bonding pads) is dissolved, thereby prdviding openings

over the bonding pads. & 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 is Plasma Enhanced silicon nitride

(PE SiaN4), deposited using PECVD technology at a temperature
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The etching of |ayer 34 of passivation can use Ar/CF4 as an etchant at a
tenperature of between about 120 and 160 degrees C. and a pressure of

bet ween about 0.30 and 0.40 Torr for a tine of between about 33 anglg3fl; o5
seconds using a dry etch process. The etching of |ayer 34 of passivation

can al $etusenHePNFE 398 andet Ehanegatea ¢emperrtargrofs el ween,ahut, 80 and
100 degrees C. and a pressure of between about 1.20 and 1.30 Torr for a
time ofbbetwéef aboul .20 Tamd JForsecendiirisiing dcdi¥eR! GBouPrgcesy. ;Barrier

| ayers, such as layer 36, are typically used to prevent diffusion of an

i nt er cernevtisnetalernt3® sof roandiigg. dayess abpdietast i and, sy jgon. Some
of the considerations that apply in selecting a material for t erbarrler

| ayer betwomen 230t PUan20850 appatesh. by using copper for interconnect
nmetal as an exanple. Although copper has a relatively | ow cost and | ow
resistivity, it has a relatively large diffusion coefficient into silicon
dioxide and silicon and is therefore not typically used as an i nterconnect

nmetal . Coppesyés oma apsi pEegeannect  hpy e jnto i con di oxi de
| ayer causing the dielectric to bencondlggé%tlte\yi%ci (%é%¥:§?|ﬁ§ tHeate

di el-ectpkgigtsenat h o the, skl igpn dioxi Co i nterconnects
shoul d Ee en%apsulated by bt é%p (! 8Ferd &Y and BPEon' it *the

underlying contact pads 32.

The etching of layer 34 of passivation can use Ar/CF: 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/NF;
as an efchant 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 seconds using a dry etch

process.

Barrier layers, such as layer 36, are typically used to
prevent diffusion of an 1nterconnect metal into surroundlng
layers of dielectric and silicon. Some of the considerations that

apply in selecting a material for the barrier layer become
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one diffusion barrier to prevent diffusion into the silicon dioxide |ayer.
Silicon nitride is a diffusion barrier to copper, but the prior art

teaches that the interconnects should not lie on a silicon nitrideZBa
because it has a high dielectric constant conpared with silicon dioxi
The hi GRPaFeredty ie2doRSPRAT EatisEster duviacédmihet easenn rexaapaei.t ance

2005
e.

between the interconnect and the substrate. A typical diffusion barrier
layer fhyPeoHt FIPRSH hesna AetatHecl phosphositl kodt Bowlassi (tBSG)Ly, skki con
oxynitride, alumnum alunm num oxide (A xOy), tantalum Ti/TiNor Ti/W

ni onbi BAF ®rredriiddudraad #5EfoyoprefeiGliyntoined $10mch NioxIhe
barrier |ayer can also be used to inprove the adhesion of
over| yrRG FihbRerridayéer thoge P8rg Uo200HicAlbgr nkeq dayar is preferably

t he subsequent

about 500 and 2000 angstromthick and nore preferably about 300 angstrom

t hi ck ARECESPRIRCt depadi-t Bdppsi nfron sputittericngnedf tiery thier remeathon of

barrier layer 36, a seed |layer (not shown in Fig. 7) can be bl anket
deposi EB® dVkrcamhélisnifiaceaptr ¢hesiwaf drhe Boelacsead dayer dodhateisvbl anket
deposited over the surface of the wafer- any of the conventional netallic

seed

Rt et cdy bleudidleThel erettatdriathseédthayerl icasm bl oslepesi t ed

layer. Copper interconpects should be encapsulated by at least
one diffusion barrier to prevent diffusion intc 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 tﬁe

interconnect and the substrate.

A  typical diffusion_ barrier léyer may contain silicon
nitride, phosphosilicate glass (PSG), 'silicon oxynitride,
aluminum, aluminum oxide {AlxOy} , téntalum, 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 édhesion of

the subsequent overlying tungsten-layer.
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using a sputter chanmber or an lon Metal Plasma (I MP) chanmber at a
tenperature of between about 0 and 300 degrees C. and a pressure of

bet ween about 1 and 100 norr, using (for instance) copper or a cpgRaL 2005
all oy as the source (as highlighted above) at a flow rate of between about

10 and 400Aséewrard UsiyRg arsgobr&Se -4 @nbent g@§.agggQO%OsQ9%% +&,Gr 0ss
section of the substrate after a |layer 37 of photoresist has een

deposi tedcbvendt hersurfaderabivhebdar ri|y Ay&iro36. e | ayer %g ﬁf
phot oresi st has been patterned and etched, creatlng openi ngs 51" R®t he

| ayer 8%pofiphdtwgies) stf. spOpesiigg. 31 partlally expose the surface of the
barrier layer 36. Layer 37 of photoresist is typically applied to a

t hi ckness 25 28 JUL 2005 of between about 100 and 200 pm but nore
preferably to a thickness of about 150 pm Layer 37 of photoresist Layer 37

is typically fgp Led go t hi ckness of between about 100 and 200 um but
nore prefera ab y t TR 6%3%5% of 2Bt 130eHnFéThe meeHodsyesednbor the

deposi d . devel gpnent | ayer 37 of photoresist uses
conven%'iljgﬁ%ﬂ%H Fdﬁods oﬁxgh3F%I?Fﬂ%Eﬁ pﬂﬁpoﬁ*ﬁwgl@Y%@g?h@hyurﬁa@ecoﬁnnn

appr oa n patterned |layers are formed by spinning on a |ayer of
phOtOFgQIE?gE%%OjSCfIngSFFah?gyﬁFOG Rtaifhdtlemisk Wephsited over the

surface of the wafer- any of the conventional metallic seed
mate;ials can be uéed. The metallic seed layer can be deposited
using a sputter chamber or an Ton Metal Plasma (IMP) chamber at
a temperature of between about 0 and 300 degrees €. 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 show§ a c;oss séction 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 pattefned
and etched, creating openings 31 in the layer 37 of photoresist,
Openings 31 pa;tially expose the surface of the barrier layer

36. Layer 37 of photoresist is typically applied to a thickness
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the desired pattern onto the photoresist to expose the photoresist to the
pattern, devel opi ng the photoresist, washing off the undevel oped

phot oresi st, and plasma etching to clean out the areas where the 238 JuL 2005
phot oresi st has been washed away. The exposed resist may be rendered

sol ubl @f( pBsFtesie Whkitng}O@ndndnaghed amayputor ndnsoliirertpegatiye . .

wor king) and formthe pattern. The deposited | ayer 37 of photoresist can,
prior thichaeseraf ngpand 18tOchinng, be cured or pre-baked further hardening
the surface of the |ayer 37 of photoresist. 26 2 8 J UL 2005 Layer 37 of
phot oresi st can be etched by applying 02 plasma and then wet stripping by
using H2S™, H202 and NH40H solution. Sulfuric acid (H2SO4) and m xtures

of H2SO4 wi thyethet gxigdhaidgesAge s hydr.o eroxi.de (H202) are
wi del y used in strippiﬁg phot%resﬁ%§m§$§£?q¥%€¥ﬁﬁ6%§$'SF§P§ﬁ8§ 8eR

strippedibynest her w@anRsn WHRKS 109 BR4SHRLPRE, AN De, i mersed in the
mxture at a tenperaturer%etmeen about 108bdg§rgg§ %9r%ﬂﬂ“§%ﬁﬁglyl§@

degreea €nitwhebstor Lbduimutses ,and hRen  suhjgc to a . thorough cl eaning
with dei oni zed water and dried‘%g dry ﬁitrogeﬁgg?ng?ﬁa%ﬁ%‘$3§%§F}°“

stri ppens, asuehopsed e, SWHdINiGACHd JA Hhik8SesALE YOIy &ffestive in the
residual free renoval of
me?hods of photolithography. Photolithography is a common
approach whgrein 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-pbaked further hardening

the surface of the layer 37 of photoresist.
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hi ghl y postbaked resist. They are nore, effective than organic strippers
and the longer the imersion tinme, the cleaner and nore residue free wafer
surface can be obtained. The photoresist |ayer 37 can also be part®8lJuyL 2005
removed using plasma oxygen ashing and careful wet clean. The oxygen

pl asma ashildgeirs 3Aeati pgothee phot oresiisd etrredighlapaxtdiyzed o), ,
envi ronnent, such as an oxygen plasma, thereby converting the ﬁh Br esi st

to an éﬁéil?mmewwv@dsashppﬂm@ byygennglaﬁgahasmkggan@aﬂﬁgﬁifgéigped by a
native oxide dip for 90 seconds in a 200:1 diluted solution o

hydr of |6fiug igciedid21825@)J ddd 085 rdE G F,8BOVS; &, RIS Sg}gicg on.of the
substrate 10 after a layer 38 of pillar nmetal has been ep05|te

(el ect Fgsnatsedyuoveras t hgdsugéaceafodibe | aygr,)36;.0f Rarg |1§r ggécfrlial and
bounded by openings 31 that have been created in the layer 3 &

photoré§F§PPlGHeph@h@r%&wéwuafuﬁrtﬂh@Igmﬂyaieggsgfhggtgéenw@ﬁ 2)
referred to as pillar netal in view of the role these [ayer 5iay |n the

conpl etédest roetns e Fhfehe sob defe buspspeda the ipyvention...layvers %P Of
under bunp netal have been deposited using deposition met hods  suc

el ect r pkatrag atlay eemB6rprefer Bblye &0 $ES: 4d t A0 CORRF ar s
referably deposited to a thickness of between about 500 an

p y p
150 degrees C. for 5 to 10 minutes and then subjected to a
thorough cleaning with dejionized water and dried by dry
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 asﬁing and cafeful wet clean. The oxygen plasma
ashing is heating the photoresistAin a highl;‘oxidized
environment, such as an Oxygen plasma, thereby converting the
pPhotoresist 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 hydroflubric acid;
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2000 angstrom and nore preferably to a thickness of about 1000 Angstrom
Layer 38 preferably conprise copper and is preferred to be applied to a
thi ckness of between about 10. and 100 pmbut nmore preferably to &8 JUL 2005
t hi ckness of_ about 50 pm Layer 40 preferably conprises nickel and is
preferred t&He “appl9"d  0CACEHi ERABSEN 0P L- beweemsabaut 1oand+l@ pm but
nore preferably to a thickness of about 4 pm 28 2 8 JUL 2005 Fig. 10
shows a%FGss bs&ct iPdn lakeretahehp? ovess ddpddiaddnventieBopastddlr ther,

el ectropl ated | ayers 42 of solder netal over the surface of |ayers 40 of
under Bultfp FHEEICS YBM thendl adsountfedo bybt hei @pemiingsi 31 dhatrhave

created in the layer 37 of photoresist. Layer 40 of UBM typically "of

ni ckel “&fd8P5a £Hi ckhess hbeewebmeaboutedtand 10 prae i S H)aCt ropl afed over
the layer 38 of pillar netal. The |layer 42 of bunp netal (typically

sol der PHE-0T&PéEEr ofVaFedthien sewdbaet ofi ttnet Hes deayers g4 ofmdBM t Qi cn

t hi ckness = of between about 30 and 100 pm but nore preferably to a

t hi ckn&sd! die abptRTBG g Therihyer sm88z1 40nande42 caf 1@leecidieplaled net al
are centered in the opening 31 that has been created in the |layer 37 of
phOtOFé?W?F? play in the completed 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 thicknmess of about 50 .

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.

28




In the cross section that is showm in Fig. 11, it is shown that the
patterned | ayer 37 of photoresist has been renoved from above the ﬁf @ﬁe
of the barrier layer 36. The previously highlighted nethods and pr d 05
conditions for the removal of a |layer of photoresist can be applied for
the purposeFdf-tHé sermvak ofrdmyese87ithatkhkseshown pRoCdNSS,EEGHON in
Fig. 11. The invention further proceeds wth the partial etching of the

pi | | ar imseakigs, has showmern crosscgaettean Idvekisg. a2 135 l&ﬂ@gr nethqds of
wet chem cal etching or an isotropic dry etch, 29 2 8 J UL 2005

sel ect PYETt Flthespitder a6t dlayeatserd@l ofl tunld&rCH:ﬁﬁlfp trhéltal by yadj usting the
et chi ng paraneters, of which the tine of etch is nost beneficial, the

di amet PuafleﬁhéYpitIhEalopﬁBuaUSSSlc&ﬂnatue harvedweed l&)tealtgastlnar@yledqur (
anount. _The linmtation that is inposed on the extent to which thé dianmeter
of the3pi PEaPh@&eE#si=8 is reduced i s not i nposed by the wet etching
process but by concerns of netal bunp reliability and functionality. Too
small a remaining dianmeter of the pillar nmetal 38 will affect the

robust ness of the solder bunps while this nmay al so have the affect of

i ncreasi ng tHEST ek stadl®¥ ot yeheakby abf buimkelThedf bhak tMOcTasessi ng st eps
of the _invention, before the solder netal is reflowed, are shown in the
cross BBEFPOR pout 1 and 10 pm, is electroplated over the layer 38 of

pillar metql. 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 pm 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 surféce 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
removalrof layer 37 that is shown in cross section in Fig. 11.
The invention further proceeds with the partial etching of the
pillar metal 38, as shown in cross section in Fig.llz, usiﬁg

methods of wet chemical etching or an isotropic dry etch,
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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

| ayer is conpletely renpved as is shown in Fig. 13. Using anisotropfd JUL 2005
etching, Fig. 14, the etching of the barrier layer is partially inpeded by
the pr e%é‘e]ﬁeg?lafﬁ tHe ool Bihsat2 weradoledrenigtlal . 11 t i s cBebirewedtt, haiy t he
undercut shape of pillar 38 wll prevent wetting of pillar 38 and the UBM
| ayer AFCHFHRYG TEGhSEGHERT Soirgeetessl owf Mhiich dhso tieki efedkttdmati s
exposure to air_w/ll oxidize the sidewalls of pillar 38 and UBM | ayer 40
and 30" 3erpiicigds Fher dfigretprevent thet Hidgaof tdiese 3urtaaesgluring
subsequent solder reflow Optionally, the sidewalls of pillar 38 and UBM

| ayer ATHEFIDLE urtRert oridi AaFiFEd forcwxanplfee dirhermabn axikdation

bel ow refl ow tenperature of about 240 degrees C. such as heating in oxygen
anbi ent™™ g0 P55 GEGFBESTE. VhiLgE. Lhs dadmdBeshofv the pinkdr auessl
section of the solder bunmp of the invention after the solder netal has
been refd oviedEeCUSsg 15 1 ridwssieds o Rig. wal shitiiedFi mrockG scantesponds t o
Fig. 14, this relating to the etch in the barrier layer 36 that has been
expl ai Py OFi g?.tagsbalﬁ’a relippilstpored fhattidwalithchethbd aywer1136 of

barrier materjal that is shown in cross
. a remaining diameter of the piliar metal 38 will affect the

robustness of the solder bumps while this may also have the

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. 14,7 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. It is also believed that  exposure to

air will oxidize the sidewalls of pillar 38 and UBM layer 40 and
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section in fig. ‘15 corresponds to the etched |ayer of barrier material
that is shown in Fig. 13. The sane correspondence exists between F'?%s. 16
and 14. The above summari zed processing steps of electroplating tha B le 2008
used for the creation of a nmetal bunp can' be supplenented by the step of
curi ng "OFEFrEEBal@ iy ot iRt Nidgerobf thRetoresifsicesafdweri i subayeizhas been
deposited. To review and sunmmarize the invention: prior to and in

pr epar SCHERTT G IHRE i (RPSAPPeALYa $éwi combhretids clrpackd s3pr ayidegy a

| ayer of dielectric has been deposited over the sem conductor surface, a
cont act-®¥54 Hul BREn B$1 Dugthryl 2@08ized ovivdedion thempbyer aoftidirgl.gctri c,
the contact pad has an exposed surface, a |layer of passivation -has been
deposi f’é&dab‘E@P Beleti €9 t ormERRftace iafclaldiuty 24dte surdfeace f ssaind
contact pad, the |ayer of passivation has been patterned and etched,
creati fig gﬁaBbEﬂi Ty TR 9e MRy eRtoft palssivatdoniegrpast cal |y exposing the
surface of the contact pad, the opening in the |ayer of passivation is
centered with respect to the contact pad the invention starts with a
barrier |ayer deposited over the surface of the |ayer of passivation,

maki ng cont B&gswi th &h@ 16 show the final cross section of the solder

bump 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. Tt 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 electroplatiﬁg 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.

rTo review and summarize the invention:

®* prior to and in preparatién 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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contact pad through the opening created in the layer of passivation a
| ayer of photoresist is deposited over the surface of the barrier |ayer
the | ayer of photoresist is patterned and etched, creating an ope@i8ndlJL 2005
through the | ayer of photoresist, the opening in the |ayer of photoresist
ali gns Wikt q:?“cég?e#éﬂevafldkﬁ%ﬁﬂﬁriCLothheccﬁmﬁéﬂnpa@a@asiQnsequence
are deposited, bounded by the opening created in the |ayer of photoresist,
a layer of*Rfii9%hruréesr; a layer of rassdentbunphastdeantpashaygr of sol der
nmet al the(gatterned | ayer of photoresist is renoved fromthe surface of
t he barri®feT dyérmigopdgegoy) 1ufyys: indlediayethof spitddr Jrekakgi s et ched,
reduci ng the dianmeter of the pillar netal the barrier layer is etched,
usi ng ei tHE 3SoPrepi ENBr lawsn soft mopisd vetté hinbas teers Qladele rABhaknd S
refl owed. The invention offers the foll ow ng advantages: ball height is a
very i npotitaftd r SERabiNet §n corrRiEimy iim thedéryet coprgvervathenmal m smat ch
bet ween overlying | ayers of a

partially exposing the surface of the contact pad, the opening

in the layer of passivation is centered with respect to the
contact pad

s the inyention 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 throughrthe layer of photoresist, the opening in the
layer of photoresist aligns with and is centered with respéct
to the contacﬁ 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

the patterned layer of phétoresist is removed from the surface

of the barrier layer
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package (such as a sem conductor device and an underlying printed cifcuit
board and the like) it is inmportant to increase the distance between
overlying elenents; ‘the invention provides this ability a larger 2@lsldr 2005
ball (for better thermal or reliability performance) results in increased
pi tch, ¢ hie ik wontafapylier sted® of dhecart rdaskong nesuid;emats okf small
sol der balls are used without providing height, it is very difficult to
underfil | thdherisingdd mgapd the solder is, using the invention, relatively

far renoved fromthe sem conductor device which neans that the application

of | oweal pha sohder isyBet 5 egrdnad, (@:pha<habECles. copal g soft errors in
menory products, lead is known to emt alpha- particles en | ead decays)

33 28 JUla20O% ropfier ethripgl | ar metal a nmetal needs to be selected that has
good conductivity and good ductility, such as copper. This is 1in order to

provi de it adid-heerah psriofimhge by counteracting thernal stress the
hei ght of the pillar of the solder bunp of the invention 1is inportant and

shoul d be between about 10 to 100 pmin order to achi eve objectives of
hi gh stand-of f
' The invention offers the following advantages:

° ball height is a very important reliability concern; in ordef
to prevent thermal mismatch between overlying layers of a
package {such as a semiconductor device and an underlying
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

® if small soldgr balls aré used without providing height, it is
very difficult to underfill the small gapé-

® the solder is, using the invention, relatively'far removed
from the semiconductor deﬁice which means that the application
of low-alpha solder is not required (alpha-particles create

soft errors in memory products, lead is known to emit alpha-

particles when lead decays)
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| that is used for the under bunp metal layer is inportant in that
Eﬂssnﬁ;?al nmust have good adhesion with the overlying solder during solderr
reflow while this netal nust not solve too fast and in so doing foR@ UL 2005
barrier to the solder; in addition, the UBM netal when exposed to air can
form acl af@r e pridfect nweabxa destdlusnauaay &bt bBgssDé &ty vkt khag to the
pillar nmetal around the perineter of the UBM netal during the reflow
process ;grakelonidncther ef oned pyeserded i1fier, t BeckBM netale Al tthough. t he
invention has been described and illustrated with reference to specific
i |1 ustrativemsidiodionentsitbetmefovdd trcsmaat bpEengac-d hat the invention be
limted to those illustrative enbodi ments. Those skilled'in the art wll
recogni zecourffatravaringt tbasmandstmel S i cati ons can be nmade without departing
fromthe spirit of the invention. It is therefore intended to include

wi hi net fiend meantizon athe syoin vard atans.A0d: 30,48 2005, pdi(i cat i ons
which fall within the scope of the appended cl ains and equival'ents thereof.
35_2 8 JUls 26@mrtGhai BRd should be between about 10 to 100 pm in

order to achieve objectives of high stand-off

¢ the metal that is used for the under bump metal layer is

important in that this metal must have good adhesion with the

overlying solder during solder reflow while this metal must

not solve too fast and in so doing form a barrier to the

solder; in addition, the UBM metal when exposédlto alr 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 thé invention has been described and illustréted
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 modificdtions can be made without departing
from the spirit of the invention. It is therefore inteﬁded to

include within the invention all such variations and
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1. Anethod for formng a netal bunp on a sem conductor surface,
conprising the steps of: 5 providing a sem conductor surface; providing a
contact pad over said sem conductor surface, having a |ayer of pag@$ Jat 2605
formed thereover w th an opening to said contact pad; a barrier layer is
deposi t&FigviertiRessunriaeef ofl thiechit0 thayeropd paSSia/afpbpeRdandeintihe :
openi ng; depositing a | ayer of photoresist over the barrier layer; formng-
a pill andbpeEnilivglentsarephwt.oresi st that aligns with the contact pad; 15
depositing a layer of pillar nmetal in said pillar opening; depositing a

| ayer of under bunmp netal over said pillar netal; depositing a | ayer of
sol der nmetal over said under 20 bunp netal; renoving the |ayer of
photoresist; 36 2 8 JUL 2005, reducing the dianmeter of the |ayer of
pillar netal; etching the barrier |ayer; and :
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reflowng the solder netal to formsaid netal bunp. 5 2. The nethod of
claim1 wherein said barrier |layer conprises titaniumapplied to a

t hi ckness of between about 500 and 2000 Angstrom and nore preferably to a
t hi ckness of about 1000 Angstrom 10 3. The nmethod of claim1l wherein said
| ayer of photoresist applied to a thickness of between about 100 a@d 200 2005
pmand nore preferably to a thickness of about 150 pm 4. The nethod of
claiml1 wherein said |ayer of pillar nmetal 15 conprises copper applied to
a thickness of between about 10 anddhQQ0 pm and nore preferably to a

t hi ckness of about 50 pm 5. The nethod of claim1l wherein said |ayer of
under bunp 20 netal conprises nickel applied to a thickness of between
about 1 and 10 pm and nore preferably to a thickness of about 4 pm 37 2 8

JUuL 2005 4g. 7h od_ of im 1l wherein said |ayer of solder neta
conpri ses sdlgeﬁegg% ie? t%é%ﬁ%#ﬁ(: ﬁgég'o%uggtﬁgeﬁ ﬁﬁ%h?o%%wjﬁﬁﬂ 100 pm and
more preferably Lo a,thickness of about 50 1 5

5 providing a semiconductor surface;
providing a contact pad over sald 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

10 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;
15 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 gaid under

20 bump metal;

removing the layer of photoresgist;
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7. A netal bunmp contact, conprising: a sem conductor surface; a |ayer of
dielectric over said sem conductor surface; a contact pad over said |ayer
of dielectric, formed of 10 a first material; a |ayer of passivation over

said | ayer of dielectric, having an opening therein aligned with ?ﬁigULQWS
contact pad; a barrier layer deposited over said | ayer of dielectrf

i ncluding said opening created in said |ayer of 15 passivation; a stack of
three netal layers, aligned with the contact pad and having an equal

di aneter that '%e@ﬁ@ghg gAYah: iRt de t%ﬁ?%a?%gao%f EE?&%SQ&@S% pad,

starting wwth a layer in contact wt e barrier ayer of 20

pillar netal, a |ayer of under bunp netal and a | ayer of solder netal; the
di anet er of theeﬁp iag heeabahatehemvammdueed by a neasurabl e amount; 38 2
8 JUL 2005 the barrier layer has been renoved using either isotropic or

ani sotropi ¢ nEtQQ@ioQin&tE£%r§Blég¥jméégi %%!%%rmﬁgg§& mg£n9 ref Iomed

5 2. The method of claim 1 wherein said barrier layer
comprises titanium applied to a thickness of between about
500 and 2000 Angstrom and more preferably to a thickness of

about 1000 Angstrom.

10 3. The method of claim 1 wherein said layer of photoresist
applied to a thickness of between about 100 and 200 um and

more preferably to a thicknesgs of about 150 um.

4. The method of claim 1 wherein said layer of pillar metal
15 - comprises copper applied to a thickness of between about 10

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

um.

5. The methed of claim 1 wherein said layer of under bump
20 _ metal compriges nickel applied to a thickness of
between about 1 and 10 pum and more preferably to a

thickness of about 4 um.
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5 8. The nmetal bunp contact of claim7 wherein said barrier |ayer
conprises titaniumor copper applied to a thickness of between about 500
and 2000 Angstrom and nore preferably to a thickness of about 1000
Angstrom 10 9. The metal bunp contact of claim7 wherein said | ay@8 L 2005
photoresi st applied to a thickness of between about 100 and 200 pm and
nore preferably to a thickness of about 150 pm 10. The netal bunp contact
of claim?7 wherein said |layer of 15 pillar netal conprises copper applied

to a thickmesgmel mehBbWesp abouh ﬂ%@é%bu%aa@ 30¢0068 99@?&8@% .o a

t hi ckness of about 50 pm 11. The netal np contact o arm erein

d | kel | ied k
of et woer BEat 1 SRUCTD DR Grel et & Y SPABTy CLoDRCI PR CRHELE B about

of between about 1 nore pre era about

4 39 2 Th f 7 wh
safgnlayer%bg iobbém QQ? T& %%%%§§§- gér a%%l %gﬁg Sgt%%giﬁe%%egsln

bet ween about 30 and 100 pn1and nore preferably to a thickness of about 50
pm 5 13. et hod for formng a nmetal bunp on a sem conduct or

5
7. A.metal bump contact, comprising:

a semiconductor surface;

a layer of dielectric over said semiconductor surface;

a contact pad over said layer of dielectric, formed of

10 a first material;

a layver of passivation over said layer of dielectric,
having an opening therein aligned with said contact pad;

a barrier lavyer deposited over gaid laver of
dielectric, including said opening created in said layer of

15 passivation;

a stack of three metal layers, aligned with the
contact pad and having an equal diameter that is about
equal to the surface area of the contact pad, starting with
a layer in contact with the barrier layer, of a layer of

20 pillar metal, a layer of under bump metal and a layver of
solder metal;

the diameter of the pillar metal has been reduced by a

measurable amount;
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surface, conprising the steps of: providing a sem conductor surface,
providing a contact pad over said sem conductor surface, having a | ayer of

10 passivation fornmed thereover with an opening to said contact pad;
depositing a layer of barrier material over the surface of said IagéﬁJB¥2m5
passi vation, including the opening created in said |ayer of passivation;

15 depositing a layer of material that blocks nmetal depositing over the
surface of the barrier |layer; patterning and etching the |ayer of nmaterial

that blocks netalhdepasiitdmyayeheahisNgeal PORMNAY it e haver of material
that bl ocks netal depositing that aligns with 20 the contact pad, having a

d amet ef bRl dio dhgqrubtacenlinblie GoNtaGthAdRart ally exposing

the surface of the barrier layer over a surface ared that aligns with the

cont act paqﬂmgggﬂkkﬁpg%¥%gqggi 80§ng8Q83[ting a layer of pillar netal over

t he exposed surface o arrrer layer, then; depositing a |ayer of Under
Bunmp Metallurgy (UBM over the surface of the layer of pillar netal, then;

5 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.

10 9. The metal bump contact of claim 7 wherein said layer of
photoresist applied to a thickness of between about 100 and

200 um and more preferably to a thickness of about 150 um.

10. The metal bump contact of claim 7 wherein said layer of
15 - pillar metal comprises copper applied to a thickness of
between about 10 and 100 um and more preferably to a

thickness of about 50 um.

11. The metal bump contact of claim 7 wherein said layer of
20 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 um.
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5 depositing a layer of bunp netal over the surface of the |ayer of UBM
renmovi ng the layer of material that blocks netal depositing from above the

surface of the barrier layer; etching the |ayer of pillar netal,zkggyﬁi
the 10 dianeter of the pillar material by a neasurable amount; renovi &ﬂﬁ
said barrier |layer fromthe surface of said |ayer of passivation, using
either isotropic or anisotropic nethods of etching; and ref | ow ng said
sol der nmetal, formng the nmetal bunp. 15 14. The nethod of claim 13

wher ei n salth bamid elechayBlnpCOTRELSESEL | LRI QncGARCLa3BPL L0, t9r 8
t hi ckness of between about 500 and 2000 Angstrom and nore preterably to a

thi ckness ofoahauinclA90cARgSt 50 <2005 o e JPLBOY olysElall. 13 wher ein

said | ayer of photoresist applied to at ness etween out 100 and
200, P, 20 4 SERLAVLY Lo 01561530 8L, PUMESISR0 412 8 I
conpri ses qgﬂgﬁkeggpgkegbggtasarﬁﬁkness of between '
S _
13. 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
10 passivation formed thereover with an opening to said
contact pad;
depositing a laver of barrier material over the
surface of said layer of passivation, including the opening
created in said layer of passivation:
15 depositing a laver of material that blocks metal
depositing over the surface of the barrier layer;
patterning and etching the layer of material that
blocks metal depositing, creating an opening in the layer
of material that blocks meﬁal depositing that aligns with
20 the contact pad, having a diameter about equal to the
. surface of the contact pad, partially exposing the surface
Qf the barrier layer over a surface area that aligns with

the contact pad, then;
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about 10 and 100 pm and nore preferably to a thickness of about 50 pm 5
17. The nmethod of claim 13 wherein said |ayer of under bunp netal
conprises nickel applied to a thickness of between about 1 and 10 pm and
nore preferably to a thickness of about 4 pim 10 18. The method of claim
13 wherein said layer of solder netal conprises solder applied tdgaul 2005
~thickness of between about 30 and 100 pm and nore preferably to a

t hi ckness of about 50 pm 15 19. The nmethod of claim 13 further conprising

per form ng an BepskiUifspUAt Biy&t eain of jthe H@ﬁgqsgqe]?ugﬂécg)g%sé&]e barrier
| ayer, said additional step to be perforned prior to said epositing a

| ayer of plshkgacgeggl thgobgprlg}'nqa{@rhoct Qf,.claim13 wherein said materi al
that bl ocks nmetal depositing conprises photoresist. 42 2 8 J UL 2005 21.

A net hod for foﬁgb891@1H§t§|l£§gg)é¥1ﬁid%3n5%9@dM%Egilurgy (UBM) over

the surface of the layer of pillar metal, then;
5 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 laver;
etching the layer of pillar metal, reducing the
10 diameter of the pillar material by a measurable amount;
removing said barrier layer from the surface of gaid
layer of passivation, using either isotropic or anisotropic
methods of etching; and

reflowing said solder metal, forming the metal bump .

15
14. The method of claim 13 wherein said barrier laver
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.

20

15. The method of claim 13 wherein said layer of
‘photoresist applied to a thickness of between about 100 and

200 pum and more preferably to a thickness of about 150 .
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surface, conprising the steps of: providing a sem conductor surface, said
sem conduct or surface having been provided in or on the surface thereof 5
with a contact pad, said contact pad sitting on an underlying Iay%ra gpi_ 2005
dielectric and being in electrical contact with at |east one poi it
electrical contact in or on the surface of said substrate; providing a
base |l ayer for said netal bunp, said base 10 |layer having a barrier |ayer-
as a surface layer; providing a colum for said netal bunp, said colum

for said meté@l MeTmeatRpr oFi Bgathr €8 GHELESS| ¥&id ayBFs off gahhkar netal,
under bunp netal and sol der nmetal wherein the diameter of said pillar

metal is regicad chnpa_rﬁ%@,S@mﬁﬁle@ ABp@BENts Anch A g %%'tqre tal bunp.

22. The nmethod of claim 21 erein said providing a base Ilayer tor said

met al bU”paQﬂimf'l%e%ntdh@O%t GRS a0k mePe dSPOSLLING, & d 2y §%,;Qh RAgSLyat i on

over the surface of said layer of dielectric underlying the contact pad,
i ncl udi ng Qﬁﬁnﬁy@kg §1°f said contact pad; 43 2 8 JUL 2005 patterning and
etching said |ayer passi vati on,

5
17. The method of claim 13 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 um.

10
18. The method of claim 13 wherein said layer of solder
metal comprises solder appiied to a thickness of between
about 30 and 100 um and more preferably to a thickness of
about 50 pum.

15
19. The method of claim 13 further comprising performing an
in-situ sputter clean of the exposed surface of the barrier
layer, said additional step to be performed prior to said
depositing a layer of pillar metal.

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

blocks metal depositing comprises photoresist.
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creating an opening in said |layer of passivation, partially exposing the
surface of said contact pad, said opening created in said |ayer of
passivation being smaller than a 5 surface area of said contact ng.?ﬂEQME
measur abl e anmount; and depositing a | ayer of barrier material ov

surface of said |ayer of passivation, including the opening created in
said | ayer of passivation. 10 23. The nethod of claim 21 wherein said
providing a colum for said netal bunp conprises the steps of: depositing

‘a layer of It er inadtHdsatrol! eokamiagt al medePOBIAD Noh QVierdibengurtace of the
barrier layer; 15 patterning and etching the |l ayer of material that bl ocks

met al deposdirige,Cl@RGial @RENEPEpkN.Ehe |ayer of material that bl ocks
metal depositing that aligns with the contact pad, having a di aneter about

equal to the surfiaeeqiQl Bheer@PLAGL-PRH ¢ d J|§%¢%¥B%ﬁhgggﬁﬂgt8%rface of

d
the 20 barrier layer over a surface area tﬁgg aligns wt contact pad,

then, deposhLifGAn-ael BbeRl bhal:ABE A OYE o NhSXR08d. BHLEGE O the
barrier layer, then; 4
5 with a contact pad, said contact pad gitting 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 laver for said metal bump, said base
10 layer having a barrier layer as a surface layer;
providing a column for said metal bump, said column
for said metal bump comprising three successive layers of
pillar metal, under bump metal and solder metal wherein the
diameter of said pillar metal is reduced by a measurable

15 amount; and

providing said metal bump.

22. The method of claim 21 wherein said providing a base
layer for said metal bump comprises the steps of:

20 depositing a layer of passivation over the surface of
said layer of dielectric underlying the contact pad,

including the surface of said contact pad;

43




2 8 ,JUL 2005 depositing a |layer of Under Bunp Metallurgy (UBM over the
surface of the layer of pillar netal, then; depositing a |ayer of bunp
netal over the surface of the layer of UBM 5 renoving the |ayer ﬁé JUL 2005
material that blocks metal depositing from above the surface of t4

barrier layer; etching the layer of pillar netal, reducing the dianeter
of the pillar netal by a nmeasurable ampunt; and 10 renoving said barrier
layer fromthe surface of said layer of passivation, using either isotropic
or ani sotropi c pmtthodsinf aelickicabinddsalfel apdhosk QfasyidiaPidh, wherein
providing said metal 15 bunp conprises reflow ng said solder netal,
form ng thecremiialg BMPpe2ingThe EEEBOQaQérC&f“ﬁﬁé%&ﬁﬂﬁ?ﬂﬂ,np%%hgagg%r'er

| ayer conprises titaniumor copper applied to a thickness of 20 between

about 500 aaebRd AMSIheFLaBdoRDES: @Y 858F A0 Yo d P, & itdhipkpesg of about
1000 Angstrom 26. The net hod 019 cl ailm 21 wher)e&?n séc“‘%& g;%/)er of pillar 45

2 8 JUL 20Q0%eated in said layer of passivation being smaller than a

5 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.

10
23. The method of claim 21 wherein said providing a column
for said metal bump comprises the steps of:

depositing a layver of material that blocks metal
depositing over the surface of the barrier layer;

15 patterning and etching the layer of material that blocks
metal depositing, creating an opening in the layer of
material that blocks metal depositing that aligns with the
contact pad, having a diameter about equal ﬁo the surface
of the contact pad, partially exposing the surface of the

20 barrier layer over a surface area that aligng with the
contact pad, then;

depositing a layer of pillar metal over the exposed

surface of the barrier layer, then;
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metal conprises copper applied to a thickness of between about 10 and 100
pm and nore preferably to a thickness of about 50 um 5 27. The nethod of

claim 21 wherein said |ayer of under bunp netal conprises nickel ?Eggheg
to a thickness of between about 1 and 10 pun and nore preferably 10 005
t hi ckness of about 4 dun. 10 28. The nethod of claim?21 wherein said |ayer
of solder netal conprises solder applied to a thickness of between about
30 and 100 pimand nore preferably to a thickness of about 50 pm 15 29.
The net hod of clddmn<itiwereilayeai dfsenieonduas et SULFRAce (Bvebeet-ed from
the group of surfaces consisting of sem conductor substrates, printed

circuit boatrlis,siftice Giff aict 3ayeet 8El bzedasulstd Bt @%,egl ass substrates and
sem conduct or device nounting support. 20 30. The nethod of claim 29

wherein said serdegenduGigl a SHPSEN 8t epiusp SaLesct ed & et ke, group ef

substrates consisting of sem conductor substrates, ceram c subsfrates, 46
2 0 JUL 2004me dlass sbsii@t es, gallium arsenide substrates,

5 removing the layer of material that blocks metal
depositing from above the surface of the barrier
iayer;
etching the layer of pillar metal, reducing the
diameter of the pillar metal by a measurable amount; and
_10 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
15 bump comprises reflowing said solder metal, forming the

metal bump.

25. The method of claim 21 wherein said barrier layer
comprises titanium or copper applied to a thickness of
20 between about 500 and 2000 Angstrom and more preferably to

a thickness of about 1000 Angstrom.

26. The method of claim 21 wherein said laver of pillar
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silicon on insulator (SO ) substrates and silicon on sapphire (SOS)
substrates. 5 31. The nethod of claim 21 wherein said contact pad

conprises al um num or copper or a conpound thereof. 32. The net hodzg)f\,uglﬁbgn
23 further conprising performing an in-situ sputter clean of the expose
surfaces of the 10 barrier layer, said additional step to be perforned
prior to said depositing a layer of pillar netal. 33. The nethod of claim
23 wherein said material that blocks netal depositing conprises

phot or esi stnetkd Impiiecaetbpgeof aghai s leaher@inrisaid wedueipgahhe
di aneter of the layer of pillar netal conprises reducing the dianeter by

mor e than Gaibynmi02@in3d5106hamMehlogopé ﬁ@fé@aﬁblaf Wd %eﬁ:h%ﬁ«?ﬂ%bé' g8 an
additional step of thermally oxidizing said under bunp netal and said
pillar netalbowdaisd additional step to be perforned prior to said reflow ng
the solder nmetal to form47 2 6 J UL 2005 said netal bunp. 36. The netal
bunp contact of claim7 wherein said dianeter of the pillar netal has been
reduced by a neasurabl e anmount

5 27. 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 um.

10 28. The method of claim 21 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.

15 29. The method of claim 21 wherein said semiconductor
.surface is selected from the group of surfacesrconsisting
of semiconductor substrates, printed circuit boards, flex
circuits, metallized substrates, glass substrates and
semiconductor device mounting support.

20
30. The method of claim 29 wherein said semiconductor
substrate is selected froﬁ the group of substrates

consisting of semiconductor substrates, ceramic substrates,
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5 conprises reducing the dianeter by nore than 0.2 pm 37. The netal bunp
contact of claim?7, further said under bunp netal and said pillar netal
havi ng been oxidized prior to said the solder netal being ref |owed. 1(}20ﬁ
38. The nethod of claim11.3 wherein said reducing the dianeter of & ik 20
pillar netal by a neasurabl e anmount conprises reducing the dianeter by
nore than 0.2 pm 15 39. The nethod of claim 13, further conprising an
additional step of thermally oxidizing said under bunp netal and said

pi I I ar met allassaisdbaddateonabadl epmt ordeniperduydmditesi or to said refl ow ng
the solder netal, formng the netal bunp. 20 40. The nethod of claim 23
wher ei n saisd lieducongihbalatdbaneter) odudde-fidd amametal By 8nmeasurabl e
anount conprises reducing the dianeter by nore than 0.2 pm 48 28 JUL
2005 41. FEaepmeibodsof)ckabsr24:ed urther 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,

form ng
5 31. The method of claim 21 wherein said contact pad

comprises aluminum or copper or a compound thereof.

32. The method of c¢laim 23 further comprising performing an
in-situ sputter clean of the exposed surfaces of the
10 barrier layer, said additional step to be performed prior

to said depositing a layer of pillar metal.

33. The method of claim 23 wherein said material that

blocks metal depositing comprises photoresist.

15
34. The method of claim 1 wherein said reducing the
diameter of the layer of pillar metal comprises reducing
the diameter by more than 0.2 um.

20 35. The method of claim 1, further compfising an additional

step of thermally oxidizing said under bump metal and said
pillar metal, said additional step to be performed prior to

said reflowing the solder metal to form
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5 the netal bunp. 42. The nethod of claim1l wth the addition of the
deposition of a seed |ayer over said barrier layer, said seed |ayer being
deposited after said barrier layer is 10 deposited over the surface of the
| ayer of passivation and in the opening. 43. The netal bunp contact of
claim7 with a seed |layer deposited over said barrier layer. 15 428 Jthe2005
met hod of claim13 with the-addition of depositing a seed |ayer over the
surface of said barrier layer, said seed |ayer being deposited after
deposi ti ng smichyertadf bubbar.ri er material over the surface of said |ayer of
20 passivation. 45. The nethod of claim22 with an additional step of
depositing a seed |l ayer over the surface of said barrier 49 2 8 J UL 2005
| ayer, said seed | ayer being deposited after depositing a |ayer of barrier

material ov. tie serbaceufb Saheal@VEF Ofa:iPasTINALEANSa28 diameter
of the piliar metal has been reduced by a measurable amount

5 comprises reducing the diameter by more than 0.2 um.

37. 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.

10
38. 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.

15 39. The method of claim-13, further comprising an
additional step of thermally oxidizing said under bump
metal and said pillar metal, said additional step to be
performed prior to said reflowing the solder metal, forming
the metal bump.

20
40. The method of claim 23 wherein said reducing the
diameter of the pillar me£a1 by a measurable amount

comprises reducing the diameter by more than 0.2 am.
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41. The method of claim 24, further comprising an
additional step of thermally oxidizing said under bump
metal and said pillar metal, said additional step to be
performed prior to said reflowing the solder metal, forming

the metal bump.

42. 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 pasgivation and

in the opening.

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

deposited over said barrier layer.

44. The method of claim 13 with the addition of depogiting
a seed layer over the surface of said barrier laver, said
seed layer being deposited after depositing a layer of
barrier material over the surface of said layer of

passivation.

45. The method of claim 22 with an additional step of

depositing a seed layer over the surface of said barrier
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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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