SOLDER BUMP WITH INNER CORE PILLAR IN SEMICONDUCTOR PACKAGE Field of the Invention
The present invention relates in general to semiconductor packaging, and more particularly, to solder
bump structures in flip chip packaging of semiconductor devices. Background of the Invention
Semiconductor devices are found in many products used in modern society. Semiconductors find
applications in consumer items such as entertainment, communications, networks, computers, and
household itenRORRERe BUMP tHELFE LS Br CORFMBIGEAAR afRE (SEMHCBMHCTOR ZR_AKAEH in military,
aviation, automotive, industrial controllers, and office equipment. The manufacture of semiconductor
devices involves formation of a wafer having a plurality of die. Each die contains hundreds or thousands
of transistors and other active and pasgi&]lgg%vigc): stﬁ' f(}%’iﬁﬁtal?griety of electrical functions. For a given
wafer, each die from the wafer typically performs the same electrical function. Front-end manufacturing

generally refers to fqr}gnatlonegfe tnhg semlcotngggtorredleavtlceess on th% r\{veq_jgli Tthoe finished wafer has an active

side containing the trarelsigljifors and oltﬁ\e/?gctlve and passive cor%ponents. Back-end manufacturing refers
to cutting or siegdlatnghé dinishreekwaterdntorthe ineived i e andaheér pdckaging’tie die for structural

support and/ey gpviconmentahisolations1 i p chip packaging of semiconductor

devices.
Background of the Invention

Semiconductor devices are found in many products used in
modern society. Semiconductors find applications in consumer
items such as entertainment, communications, networks,
computers, and household items markets. In the industrial or
commercial market, semiconductors are found in military,
aviation, automotive, industrial controllers, and office
equipment.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other
active and passive devices performing a variety of electrical
functions. For a given wafer, each die from the wafer
typically performs the same electrical function. Front-end
manufacturing generally refers to formation of the
semiconductor devices on the wafer. The finished wafer has
an active side containing the transistors and other active
and passive components. Back-end manufacturing refers to
cutting or singulating the finished wafer into the individual
die and then packaging the die for structural support and/or

environmental isolation.



One goal of semiconductor manufacturing is to produce a package suitable for faster, reliable, smaller,
and higher-density integrated circuits (IC) at lower cost. Flip chip packages or wafer level packages
(WLP) are ideally suited for ICs demanding high speed, high density, and greater pin counts. Flip chip
style packaging involves mounting the active side of the die facedown toward a chip carrier substrate or
printed circuit board (PCB). The electrical and mechanical interconnect between the active devices on the
die and conduction ffBEkSBA the taPrErsisstitté ¥ aBRieVedthraligita selder Buifip StRicture comprising
a large numbgg, of sgadyctive, salder bumnssekballs. dihessalder bumps-are formed:yareflow process
applied to contact pads disposed on the semiconductor substrate. The solder bumps are then soldered to
the carrier subStHate: THE fipcHtb SRnficoidudtdr patkage pt&ViGes & Hort efettficai tbRduction path
from the activead@viges orrtheadie 10 the earmercsubstrate Wi prderrto redaee signal pregagation, lower
capacitance, achieve over II.% tter circuit performance. The reliability and. integrity of the solder
bump is impo?g%t 0 r'Pesntgljhlgn%’na}alr% acﬁ?rlenegéjyie%dl, %nd %rrllaé\t/i%? o?{he %F:oecﬁjtc%lﬁviﬁllenln service. Device
reliability is afaneticn of felinterebhneelmatddda el swudtoral iy ritpoheash sbider bump and its

effectiveness.as anelecticaljntergennect. Manysprior atdevices have,attempied to modify the basic
structure of the solder bump, including encapsulating a first bump within a second bump, as described in

US patent 6077785Hd" U patent Application’ 26046266068, However théseé por St 'sdtdér bump
structures aren&knanwnito=axhibit weaksolder joiniseparticutarhcwitk finepitcheapplicativasdbeaddition,
some prior art bump, syuctures, continye to have high joigtresistanee which.Ingreases power
consumption and feat éﬁssmaﬂon. A need exists for a solder %ump Strlicture with enhanced strength
and reliabilitytan lowergjoint Fésistanoer Summary of theolmvehtiong a freone embdgiment, the present

invention is aflip ehin semiconductorpackage compiising a-substrate-hayjng,asplurality of active devices
formed thereon. A contact pad is formed on the substrate in electrical contact with the plurality of active

devices. An inRTRREUIAE condRictiod 1RF&GE s fadet! SVt Sl tFatBaA BISCtABAFSShtact with the

contact pad. An inner gereipilanisdormeduoyer the dntermediate coadustive tayercAtitshbarrier layer and
wetting layer anioflorm%d gvertﬁhe inner core illglr.tA stolder bﬁmpg form%d around the first barrier layer
and wetting Iesq(/jer and inner core pﬁ%rr]*blyeﬁla |Hg Sofder material an lr‘%flgwﬁ?g the solder material to form
the solder busgm Itvensolder bupgrissigcelectricabesntacs withtthe intermedidte condluctive tayer. The inner

core pillar extends into the salder. bump atleast wosthirds.a height ofithe solderbymp. In another

embodiment, the present invention is a semiconductor package comprising a substrate having a plurality
of active devieB8¥6imMéd theredhd ArcortaEEpad fs forfistoR e 3EPStkate inlél8etrical contact with the
plurality of actiygdevices:An iternediate,condustivellayer isdisposed aboye the substrate in electrical

g(;?rt;?tl z\;\;tehr glﬁdcon%%cé[ praedI J'.Aé.q:)ljpffi'l: gog% gl"ﬁl; t|se gorr:r,Lnteyd 8\éert Etlg |rS1})elr eerd|%téamcf)orlldsuctlve layer. A first
important to testing, manufacturing yield, and longevity of
the product while in service. Device reliability is a
function of the interconnect material and structural
integrity of each solder bump and its effectiveness as an
electrical interconnect. Many prior art devices have
attempted to modify the basic structure of the solder bump,
including encapsulating a first bump within a second bump, as
described in US patent 6077765 and US patent application
20040266066. However, these prior art solder bump structures

are known to exhibit weak solder joints, particularly with

fine pitch applications. In addition, some prior art bump
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wetting layer are formed over the inner core pillar. A solder bump is formed around the first barrier layer
and wetting layer and inner core pillar by plating solder material and reflowing the solder material to form
the solder bump. In another embodiment, the present invention is a semiconductor package
comprising a substrate having a plurality of active devices formed thereon. A contact pad is formed on the
substrate in electrical contact with the plurality of active devices. An inner core pillar is formed above the
contact pad. ASBldérBGmpisToimEs ar6und Yise THrfer core Pilldr biiFlating Soldetifaterial and reflowing

the solder matgraktosfosmdibgsoldenump: i on InaNather-embodiment, dhe present invention is a
method of making a_ semiconductor package comprising the steps of providing a substrate having a

plurality of active dedicdsTarddTherdon, Brmiig s tohtalt pabdif e SuBStrate SR IEG REal contact with
the plurality of active devices, disposing anyntemetiatercondlictive dayertabove.the substrate in electrical
contact with the contact pad, forming an inner core pillar around the intermediate conductive layer, and
forming a solder bump around the inner core pillar by plating solder material and reflowing the solder
material to form the solder bump. Brietya¥ytiof dihre Bréentder  FIG. 1 is a flip chip semiconductor
package with solder bumps providing electrical interconnect between an active area of the die and a chip

carrier substrate; _ . _ _ . .
In one embodiment, the present invention is a flip chip

semiconductor package comprising a substrate having a
plurality of active devices formed thereon. A contact pad is
formed on the substrate in electrical contact with the
plurality of active devices. An intermediate conductive
layer is disposed above the substrate in electrical contact
with the contact pad. An inner core pillar is formed over
the intermediate conductive layer. A first barrier layer and
wetting layer are formed over the inner core pillar. A
solder bump is formed around the first barrier layer and
wetting layer and inner core pillar by plating solder
material and reflowing the solder material to form the solder
bump. The solder bump is in electrical contact with the
intermediate conductive layer. The inner core pillar extends
into the solder bump at least two-thirds a height of the
solder bump.

In another embodiment, the present invention is a
semiconductor package comprising a substrate having a
plurality of active devices formed thereon. A contact pad is
formed on the substrate in electrical contact with the
plurality of active devices. An intermediate conductive
layer is disposed above the substrate in electrical contact
with the contact pad. An inner core pillar is formed over

the intermediate conductive layer. A first barrier layer and



FIGs. 2a-2d illustrate the formation of an inner core pillar in a solder bump and supporting structure;
FIGs. 3a-3b illustrate formation of an inner core pillar in a solder bump using screen printed solder; and
FIGs. 4a-4b illustrate the formation of a hollow cylinder inner core pillar in a solder bump and supporting
structure. Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the Figures, in which like numerals represent
the same or $iffilat eferhelis: White i v@nfiBAls BeSchAbedh &R’ dfithé¥est Mode for achieving the

invention’s okjgetives, Huwill bes appreciated by thoserskilled-ikthe-art that it is,iptended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention

as defined by 'fhetapiseride Elaiie ahdf fReirequivaehisas RYpBofed'sy thefdfidwing disclosure and

drawings. material and reflowing the solder material to form the solder
bump.

In another embodiment, the present invention is a
semiconductor package comprising a substrate having a
plurality of active devices formed thereon. A contact pad is
formed on the substrate in electrical contact with the
plurality of active devices. An inner core pillar is formed
above the contact pad. A solder bump is formed around the
inner core pillar by plating solder material and reflowing
the solder material to form the solder bump.

In another embodiment, the present invention is a method
of making a semiconductor package comprising the steps of
providing a substrate having a plurality of active devices
formed thereon, forming a contact pad on the substrate in
electrical contact with the plurality of active devices,
disposing an intermediate conductive layer above the
substrate in electrical contact with the contact pad, forming
an inner core pillar around the intermediate conductive
layer, and forming a solder bump around the inner core pillar
by plating solder material and reflowing the solder material

to form the solder bump.
Brief Description of the Drawings

FIG. 1 is a flip chip semiconductor package with solder
bumps providing electrical interconnect between an active
area of the die and a chip carrier substrate;

FIGs. 2a-2d i1llustrate the formation of an inner



The manufacture of semiconductor devices involves formation of a wafer having a plurality of die. Each
die contains hundreds or thousands of transistors and other active and passive devices performing one or
more electrical functions. For a given wafer, each die from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to formation of the semiconductor devices on the
wafer. The finished wafer has an active side containing the transistors and other active and passive
components. Back-enid hianufacturir@y &Ferstereutiing of Shiilatimg trie ifished Svafer into the individual

die and then packaging the-diesfor strugturah suppoert aady.envronmental isolation: oA semiconductor
wafer generally includes an active front side surface having semiconductor devices disposed thereon, and

a backside sétacé fortbdwith K sBHIEATUCSr fEERA, By 5ifitor OTRE Rttid8 front side surface
contains a plurality of semiconductos digy ThHel astives serface isttormediby acfaretyof semiconductor

processes, incldingayering, paierning, doping, and heal ireatmen. In,he aygring process,
semiconductor materials are grown or deposited on the substrate by tec niques involving thermal
oxidation, nitridiatioH; whemical vapor deposition, evaporation, and sputtering. Patterning involves use of
photolithography to mask areas of the surface and etch away undesired material to form specific

structures. The doping process injects concentrations of dopant material by thermal diffusion or ion
implantation. The active surfaB& 7 3068 aRBSRF bR AREuMRSF P RA SEEtrical interconnects, such as

bond pads. Flip chip semiconductor packages and wafer level packages (WLP) are commonly used
with integrated circuits (ICs) demanding high speed, high density, .and greater pin counts. Flip chip style
packaging 10 invol\gggemgﬁ)ﬁt?ﬁgngnlar}:ﬁ?/re]%lrgzrapl ®o g(i%ecfi éeced%)r\}vnog)%vé)rﬂ rfl% 8ﬁﬁ) carrier substrate or
printed circuiehbadi(FOBF 16nas shodmlihdH G d. Axtiveiareact? wonfainsaetivenand passive devices,

conductive laygrs, angl diglectric Iayers aceording tothe, electical design of the,die. The electrical and

mechanical interconnect is achieved through a solder bump structure 20 comprising a large number of

individual corfddttiv@ sdid&r5tps or'Bats2 2 Fthe 851k boithpsSartefirmeeron bunfpads

of the best mode for achieving the invention’s objectives, it
will be appreciated by those skilled in the art that it is
intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of
the invention as defined by the appended claims and their
equivalents as supported by the following disclosure and
drawings.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other
active and passive devices performing one or more electrical
functions. For a given wafer, each die from the wafer
typically performs the same electrical function. Front-end
manufacturing generally refers to formation of the
semiconductor devices on the wafer. The finished wafer has
an active side containing the transistors and other active
and passive components. Back-end manufacturing refers to

cutting or singulating the finished wafer into the individual



24, which are disposed on active area 12. In the present example, bump pads 24 have a fine pitch, e.g.,
on the order of 150 micrometers (lam). The bump pads 24 connect to the active circuits by conduction
tracks in active area 12. The solder bumps 22 are electrically and mechanically connected to contact
pads 26 on carrier substrate 16 by a solder reflow process. The flip chip semiconductor package provides
a short electrical conduction path from the active devices on die 14 to conduction tracks on carrier
substrate 16 fh6rdetdo featic® 3l propadatich: foWwer capacitdnites antliadtiee averalitbetter circuit
performancecnv; Fiaseda-2d Hlystrate; ¢ross-sectional views of the formation of a support structure for a
solder bump. Note that for FIGs. 2-4 the wafer is oriented with its active surface facing up. In FIG. 2a,
metal contact pad 32 i§ FoHhTEd O Silfton 45t 1654 Tontact5ad 325s Hadé bt Afurint®t (Al), copper
(Cu), or aluminiuta/coppes aoys.vGantact paddRliscelectrically conneactedoto=activiesanch passive devices
through condgggog t%\ack}g sor@[%yesrg gggggd on substrate; 34, / ]golgeerrn bggnr%l\ﬂvci:ljtlc%er be formed to connect
to the metal contact pa(f. A first passivation layer 36 is formed over substrate 34 with an opening to
expose metalnésigtattpad B2 Thescgering is réadlzed byt emévingta poftforeefpassivation layer 36
through a phetoresistmask defined;gtehing progess,hhe ficst passivatipnlayer 36.can be made with
silicon nitride (SIN), silicon dioxide (S102), silicon oxynitride (SION), polyimide, benzocyclobutene (BCE),
polybenzoxazdle (PED): dr bthéfstiating iatetial. & setohd pussh/atioh 1BYEFSS 7€ formed over
passivation layer 1361 Rassivationilayer 38 aaha mgdeiugingsimias matedakas desered for passivation
layer 36. Again, %r}lgp%r?]ingri:i‘ formreéjcb SgemSO\e/;Trggca Qg&ti&g@of %%%seival\t{il(lnS la er 38rtgw%xporse metal
contact pad 32. In another em%%d?ment, pa’sswatlon?ayers 6-38are formed y re%asswaﬁon. The under
bump metalliZatiors (WBM)useshadrasion fafter 40 optiohal harter layerlaZ rend-seadédyer 44. An

adhesion layer40Q is formed,over; passivation layer 38,for, bppdingtoharrier jayer 42. Adhesion layer 40
can be titanium (Ti), Al, titanium tungsten (TIW), and chromium (Cr). Barrier layer 42 inhibits the diffusion

of Cu into theeHEIR&F areof thedie SBAMHEMAYEr 42 Rahte ake ofmick&EFMiY Mafdy, platinum (Pt),
palladium (P Jt\A4 anebchraptivmeeoppe Cresy sSeed dayerd4 issfosmedoverdarderlayer 42. Seed
layer 44 can beorl‘nade V\chmCu, Ni, rlicléel vtangncliium (N.I\Iq,CCté,t oldt(@yg,sor AIThSee(QOIa}/gr 44 follows the

contour of pa%rsllv%ﬁ(l)ﬁayer%tféég and contact [:S)gg 32"and acts as anintermediate conductive layer

formed betweerrnrstal d@rﬂacttpad:_eﬁmﬂwts@lder bamrSedd teyeediadlectyically coamhects to contact
pad32.  In FIG<2h,aphotoresistlayer:S0 iscoated; exposed, developed, and etched to form a first

opening or column having a width, which is less than that of contact pad 32. The first opening is located
about centraltBtonactpdd 32PAATIARe FESe BItarS 2 id'dEPoSiHtet i thiesfirst opening between

photoresist layers bOJdnnan eigctinless platingrer gleakolytic plating process. Core pillar 52 is made of Cu,

Ni, Al, or other suitalFJ e met%I\ By way of eéamgle, inne&core piIIa(erZ can h%;]/e a rectangular or
cylindrical form factor, laﬁhSuéﬁ o?ﬁéﬂrlscﬁjar\]pélscafjercgr?t%n”?ﬁgtseaa as wéli: The eéfﬁ%t of inner core pillar 52

is about two-thirdsathe thickhess of photoresist layer S0 or i oheterpbedient; about S0 lam in height
andSOIan]"RQE%qe%Emanding high speed, high density, and greater pin
counts. Flip chip style packaging 10 involves mounting an
active area 12 of die 14 facedown toward a chip carrier
substrate or printed circuit board (PCB) 16, as shown in FIG.
1. Active area 12 contains active and passive devices,
conductive layers, and dielectric layers according to the
electrical design of the die. The electrical and mechanical
interconnect is achieved through a solder bump structure 20

comprising a large number of individual conductive solder

bumps or balls 22. The solder bumps are formed on bump pads
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In FIG. 2c, photoresist layer 50 is exposed, developed, and etched again, without completely stripping the
layer away, to form a second opening or column over the first opening. The second opening has a width,
which is greater than the width of contact pad 32. The distance from the edge of the second opening in
photoresist layer 50 to core pillar 52 is less than the thickness of photoresist layer 50. Barrier layer 54 is
formed over seed layer 44 and core pillar 52 for metal (Cu) diffusion isolation. Barrier layer 54 is made of
Ni, Pt, or othérsuitdbl€ metar WetRRSlRagePB64s formtedb9er Barrier 1ayéts4 PRRHY layer 56 is made
of Cu, Au, or Ags hp B0, alfernate.emboglimegnt;dhe seguense an, be syitched, ie.. barigrlayer 54 can be
formed over wetting layer 56. Solder layer 58 is formed by depositing electricall%/1 conductive material

through an elREtrORAiICT GG BF Blettrbi8ds platifg FrotBsE 3Ver ettty iAyer 56° TheSsolder material can
be any metalaeigi viin (Sa);dead (B), ddinAus silver (A €, bisnaudthinite @BB=and alloyhthereof, or
mixtures of othoq&eorndgc \Y terials. Irilgggrerg odiment, the gtgléjg{&elt?rialcign@ls’eggrc&nt weight of Sn

< M2
and 37 perce?\t weight o Pb. The %]é?rieer ayer an We%tiralél?a)%er etween solder layer 58 and seed layer

44 enhance refiabilitefthedaurap Supporicstructare. substig e, 28, Ary refralting porfierof photoresist

layer 50 is stripped away. Anetehing piocessdemayes any-RortiomQfread layen 44, harrier layer 42, and
adhesion layer 40 outside the region of the solder bump structure, for example in applications where the

UBM layers eXt€Ad cBnfifiiddsl§ betwBeH ddjace EolderitfimpB Ssafdet Tay&t S8 iz flded by heating
the conductiveimaterial @bovedtscmelting: paiak $0 formaa spkericalihatherdaurmp Gthoverdeemiconductor
substrate 34..In one embodimenii, solder bur@g 60 is.about 75 lam ir]cheight agrqofo Iahm in diameter.

Solder bumptG% él%%ﬁ%%ll)s/lc%rﬁ?actgrc%?g %lallar , sle(égﬁzﬁyecral?ift,calndal metal Contact’ pég k73 As a

feature of theopreseht invention, thersolder bampisfenmed around barrier layer 54, wetting layer 56, and
inner core pillar 52 ky;plating _sojder;material and thenteflowing the, solder matgral tp.form the solder

bump. In one embodiment, the inner core pillar 52 extends into the solder bump at least two-thirds a

height of the 58/d&? btifp.CFhé cSHPBRAF hfght 7 WigicdIRFleds than e BHER betWeéR adjacent solder
bumps in burap struetiirer2@® sThe care- pdlatwidth is sypicabynabaut40% t0:60%afithe bump diameter.
The distance from the sglde.r bottom edge t&t(l:)]e c%ore prgll(leacr %[dge IS athut 20% §9 310% of the bump

diameter. Thésé féatures reduce Solder J%int résistarice and m(f:)(?cr)l\%f1 gtreﬁa and reSIiabiIity for the bump

support strucfigemed on silicon substrate 34. Contact pad 32 is made of
aluminum (Al), copper (Cu), or aluminum/copper alloys.
Contact pad 32 is electrically connected to active and
passive devices through conduction tracks or layers formed on
substrate 34. A solder bump will later be formed to connect
to the metal contact pad. A first passivation layer 36 is
formed over substrate 34 with an opening to expose metal
contact pad 32. The opening is realized by removing a
portion of passivation layer 36 through a photoresist mask
defined etching process. The first passivation layer 36 can
be made with silicon nitride (SiN), silicon dioxide (Si02),
silicon oxynitride (SiON), polyimide, benzocyclobutene (BCB),
polybenzoxazole (PBO), or other insulating material. A
second passivation layer 38 is formed over passivation layer
36. Passivation layer 38 can be made using similar material

as described for passivation layer 36. Again, an opening is
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An alternate embodiment of the flip chip package is shown in FIG. 3a. As described above, metal contact
pad 32 is formed on substrate 34. Contact pad 32 is electrically connected to active and passive devices
through conduction layers formed on substrate 34. Passivation layer(s) 36 is formed over substrate 34
with an opening to expose metal contact pad 32. An adhesion layer 40 is formed over passivation layer
36 for bonding to barrier layer 42. Barrier layer 42 inhibits the diffusion of Cu into the active area of the
die. Seed layéPanss fmeGBIEE Barrieriayéris?. Séed fiyer 44 isodn mEfhediaté eonductive layer

formed betwegn matakhcontactpad 32and thessalder upip, Seed laysk 44glgetrically connects to contact
pad 32. Photoresist layer 50 is first coated, exposed, developed, and etched to form a first opening or

column, as dBS&HEd N BIG . 128 Havirg a Width Which I Rs8¥hAF TR0 ontal pad 35. The first
opening is locatedaboutcentrat 10 cantacd padiB21 Anuwer oohe pillan SPaigedeposited in the first opening
between photoresist layers 50.by an electroless plating or electrolyti¢ plating progess. The height of inner
core pillar 52?§ ga §u?tweg-?l-%r sey ﬁelﬁﬁglfness'of%héotgreees?st%gfegr 50. Photore%%%l%@é?%o is again
exposed, devieiosed, Ehd etched aithevt EoRmpteteAStHppIng i layér awayb e forivatsecond opening

or column oveg the; first opepings JThe segond openingasia widih, wehieh is, greater than the width of
contact pad 32, as shown in FIG. 3a. The distance from the edge of the second opening in photoresist

layer 50 to cdte pilfar S i fesE thar Hie tHickhess 6P phStore8istayér5d. Bafféria§ér 54 is formed over
seed layer 44 agndcoue pillat 52ifos metal (Cu)rdiffusiomnisotationn Wetting layeri e isstarmedrover barrier

layer 54. A solder layey is formeg by depgositin eisectrical conductive material through a screen
printing procetsl}seoégellrevilett?Erilragl;rIgul/gr]'f 5 a%/ he sé)%ecrar%a eefiaT%é% boeg]ar?)} %{eetél,ezeﬁ.%?&?\,{ JPb, Ni, Au, Ag, Cu,
B1, and alloysthereof pdemixtures(8tothep cbhddetive fixteriallith oneembadiment, the solder material

is 63 percenté%ggggof( shand 37 §§égerltavygighg of PD. After plating, the §p£diegga)i%ryi§geflowed to form
ball or bump 64 between photoresist layers 50.

42. Seed layer 44 can be made with Cu, Ni, nickel vanadium
(Niv), Cu, gold (Au), or Al. Seed layer 44 follows the
contour of passivation layers 36-38 and contact pad 32 and
acts as an intermediate conductive layer formed between metal
contact pad 32 and the solder bump. Seed layer 44
electrically connects to contact pad 32.

In FIG. 2b, a photoresist layer 50 is coated, exposed,
developed, and etched to form a first opening or column
having a width, which is less than that of contact pad 32.
The first opening is located about central to contact pad 32.
An inner core pillar 52 is deposited in the first opening
between photoresist layers 50 by an electroless plating or
electrolytic plating process. Core pillar 52 is made of Cu,
Ni, Al, or other suitable metal. By way of example, inner
core pillar 52 can have a rectangular or cylindrical form
factor, although other shapes are contemplated as well. The
height of inner core pillar 52 is about two-thirds the
thickness of photoresist layer 50 or, in one embodiment,

about 50 pm in height and 50 pm in diameter.
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In FIG. 3b, any remaining portion of photoresist layer 50 is stripped away. An etching process removes
any portion of seed layer 44, barrier layer 42, and adhesion layer 40 outside the region of the solder bump
structure. Solder bump 64 is reflowed a second time by heating the conductive material above its melting
point to form a spherical ball or bump 66 disposed over semiconductor substrate 34. Solder bump 66
electrically contacts core pillar 52, seed layer 44, and metal contact pad 32. The process of forming
the solder bump arotihdFiRfier é6re piflaF 52 by Fiating sofder‘materfifamdtfendeliwiitthe solder

material twice teifarm-thessalder Bump redlicessoldetioint resistangs and dmpravesstrength and
reliability for the bump support structure. The inner core pillar 52 extends into the solder bump at least

two-thirds a HEIGHt of the $UiderbGRpC I addiftion” Barferidy&rs4 Ahawiting 14856 formed over the
inner core pillasatsoenhamee strengtiiand «elabjlityfor thevbanip, suppart stractyreater Another

embodiment of the flip chip package is shown in FIG, da. As described above. metal contact pad 32 is
formed on su%stgrra]tteE 32. &V:(l)ﬁ%act%adcfz Fsg gl%cﬁ?c%ﬁi cbnnecteea%osggt?\feeang%%st?f\l/ge e%l[c%es through
conduction lagérs fsrniesron Supkfraie 34 1 Passivansr $ayEr ()36 is formed siersubstrase 34 with an

opening to exppsesmetal contact Ratk32rAnadhesion:layes 40.is forped gyer pagsivation layer 36 for
bonding barrier layer 42. Barrier layer 42 inhibits the diffusion of Cu into the active area of the die. Seed

layer 44 is fofified Gver batfier layer 32 8EBATayar44 RN inte¥figditte TofdGEve Rkt 36rmed
between metabcantacthpad B2 @nd the saldet bumipSeed tayer 4delectrically gonneatsito contact pad
32. A photoresist_layer is_first coated, expose veloped, and etched to form a first apening or
column havinnfj—jél5 Widt ,a%ic%%s' eSS t eédrq?ﬁatsgfl c?oan ggt 6“aQ§ %E ThVe‘a?‘(i%rgtlcr)lgerflllﬁ1 n tég ph(s)toresist layer
has the form bpansdindeewithatsrier layer 54. Wetting layer 56 is made of

Cu, Au, or Ag. In an alternate embodiment, the sequence can
be switched, i.e., barrier layer 54 can be formed over
wetting layer 56.

Solder layer 58 is formed by depositing electrically
conductive material through an electrolytic plating or
electroless plating process over wetting layer 56. The
solder material can be any metal, e.g., tin (Sn), lead (Pb),
Ni, Au, silver (Ag), Cu, bismuthinite (Bi) and alloys
thereof, or mixtures of other conductive materials. In one
embodiment, the solder material is 63 percent weight of Sn
and 37 percent weight of Pb. The barrier layer and wetting
layer between solder layer 58 and seed layer 44 enhance
reliability of the bump support structure.

In FIG. 2d, any remaining portion of photoresist layer
50 is stripped away. An etching process removes any portion
of seed layer 44, barrier layer 42, and adhesion layer 40
outside the region of the solder bump structure, for example
in applications where the UBM layers extend continuously
between adjacent solder bumps. Solder layer 58 is reflowed

by heating the conductive material above its melting point to

9



interior containing photoresist material. An inner core pillar 70 is deposited in the first opening between
the photoresist layers by electroless plating or electrolytic plating. Due to the form of the first opening,
inner core pillar 70 has a cylindrical shape with a hollow interior, as seen in FIG. 4b which is a top view of
bump 76 and supporting structure at line 4b-4b. In another embodiment, the inner core pillar can be
toroidal in shape. The height of inner core pillar 70 is about two-thirds the thickness of the photoresist
layer. The phbfstesist ffer1is aghirPexgosed, Eve|dped) wid érhedonthotPEomprsteRAStRipping the

layer away, tg form g secend-apeRing ot colwanuer thedirstopeningolire second ppening has a width,
which is greater than the width of contact pad 32. The distance from the edge of the second opening in

the photoresiSEEyRF t626re BillaF 76"s Test e the thitkhess 3t ke phoforesist t4yer Barrier layer 72 is
formed over seed layes 4dcard pade pitlab 70 fermetabiy) diffusiondsolatien. Wetting tayerd74 is formed
over barrier layer 72. A solder layer is formed by depositing electrically conductive material by
electroless plating, electrolytic plating, or screen printing over wetting layer 72. The solder material can be
any metal, e.g., Sn,#b, Nif Aat wge G, Bh ek slfsysttheresth bE piixtures of efffsrrcdnidietive materials.

In one embodiment, thesselder. matgralis 63 percent weightafSn and 3/ percent weight of Pb.— Any
remaining portion of the photoresist;%%er is stripged away. An etching process removes any portion of
seed layer 44 B¥ifeffyer 42 4Rl athdlom [yet 240 QS tHEdegion of tHe'sd1B&F bump structure.
Solder bump drisaeflawedHy beating the: cerndudtiveomaterial abovedisieneltinggpointte form a spherical
ball or bump 76 dise%%seéi %vertserpf'lceongrlljctor substra}ge ffa rSoé(%er bucrglqczg @gggi aflllg contacts core

pillar 70, seearfaeyer ) and metal contactnr?ard 327° Pin summarye,?he process of forming the solder

bump aroundsan irercore piltarispplating soldemaateridi ahahthenfreflowirgp e soldemnmaterial once or

multiple times {@ forgy the,selder byump,reduce a)g%g)iqtyr%g@n%ggdgmrg\iec%gtrength and reliability
for the bump support structure. The inner core pillar extends into the solder bump at least two-thirds a

height of the S8Id&? Bundd IASEtitici?, tA8 T HBP Ryt andWettingiayer formd ovérthehRer core pillar

also enhancesstrengthwant reliability farcthelgurapsuppootstructare of Whilesig or more embodiments
of the present invention have been illustrated in de;éaﬁlétheoi illed artisan W|I!japprteg|attg ethat modifications

and adaptationsaf(ﬂ)e&eorsé em Sdfriﬁgr?t%nrﬁgy e Mhade withou edfepartlngjD Trom the scopé of the present

invention as setferthiin the felfywing<laipmsit 20% to 30% of the bump diameter.
These features reduce solder joint resistance and improve
strength and reliability for the bump support structure.

An alternate embodiment of the flip chip package is
shown in FIG. 3a. As described above, metal contact pad 32
is formed on substrate 34. Contact pad 32 is electrically
connected to active and passive devices through conduction
layers formed on substrate 34. Passivation layer(s) 36 is
formed over substrate 34 with an opening to expose metal
contact pad 32. An adhesion layer 40 is formed over
passivation layer 36 for bonding to barrier layer 42.

Barrier layer 42 inhibits the diffusion of Cu into the active
area of the die. Seed layer 44 is formed over barrier layer

42. Seed layer 44 is an intermediate conductive layer formed
between metal contact pad 32 and the solder bump. Seed layer

44 electrically connects to contact pad 32.
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Claims What is claimed: 1. An electrical interconnect within a semiconductor package, consisting of:
a substrate having a plurality of active devices formed thereon; a contact pad formed on the substrate
in electrical contact with the plurality of active devices;  a first insulation layer formed over the
substrate; a second insulation layer formed over the first insulation layer;

Photoresist layer 50 is first coated, exposed,
developed, and etched to form a first opening or column, as
described in FIG. 2b, having a width which is less than that
of contact pad 32. The first opening is located about
central to contact pad 32. An inner core pillar 52 1is
deposited in the first opening between photoresist layers 50
by an electroless plating or electrolytic plating process.
The height of inner core pillar 52 is about two-thirds the
thickness of photoresist layer 50. Photoresist layer 50 is
again exposed, developed, and etched, without completely
stripping the layer away, to form a second opening or column
over the first opening. The second opening has a width,
which is greater than the width of contact pad 32, as shown
in FIG. 3a. The distance from the edge of the second opening
in photoresist layer 50 to core pillar 52 is less than the
thickness of photoresist layer 50. Barrier layer 54 is
formed over seed layer 44 and core pillar 52 for metal (Cu)
diffusion isolation. Wetting layer 56 is formed over barrier
layer 54.

A solder layer is formed by depositing electrically
conductive material through a screen printing process over
wetting layer 56. The solder material can be any metal,
e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi, and alloys thereof, or
mixtures of other conductive materials. In one embodiment,
the solder material is 63 percent weight of Sn and 37 percent
weight of Pb. After plating, the solder layer is reflowed to
form ball or bump 64 between photoresist layers 50.

In FIG. 3b, any remaining portion of photoresist layer
50 is stripped away. An etching process removes any portion
of seed layer 44, barrier layer 42, and adhesion layer 40

outside the region of the solder bump structure. Solder bump
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a first barrier layer formed over the contact pad and the first and second insulation layers; an adhesion
layer formed over the first barrier layer; a seed layer formed over the adhesion layer; a single
cylindrical inner core pillar including a hollow interior centered over and formed within a footprint of the
contact pad,; a second barrier layer and a wetting layer formed over the single cylindrical inner core
pillar and the hollow interior; and a spherical bump formed around the second barrier layer, the
wetting layer °dnd the Sinbfe'eglitdricas iitericere pitark@mietdin & footpARCEthevspherical bump

encompasses the faiprinkef/theicantact pad..and the: spherical bump is,electiicallyconnected to the

contact pad. 2. The electrical interconnectof claim 1, wherein the sin%Ie csylindrical inner core pillar is
madeofcopﬁ%Wp 66 disposed over semiconductor substrate 34. Solder

bump 66 electrically contacts core pillar 52, seed layer 44,
and metal contact pad 32.

The process of forming the solder bump around inner core
pillar 52 by plating solder material and then reflowing the
solder material twice to form the solder bump reduces solder
joint resistance and improves strength and reliability for
the bump support structure. The inner core pillar 52 extends
into the solder bump at least two-thirds a height of the
solder bump. In addition, barrier layer 54 and wetting layer
56 formed over the inner core pillar also enhance strength
and reliability for the bump support structure.

Another embodiment of the flip chip package is shown in
FIG. 4a. As described above, metal contact pad 32 is formed
on substrate 34. Contact pad 32 is electrically connected to
active and passive devices through conduction layers formed
on substrate 34. Passivation layer(s) 36 is formed over
substrate 34 with an opening to expose metal contact pad 32.

An adhesion layer 40 is formed over passivation layer 36 for

bonding barrier layer 42. Barrier layer 42 inhibits the
diffusion of Cu into the active area of the die. Seed layer
44 is formed over barrier layer 42. Seed layer 44 is an

intermediate conductive layer formed between metal contact
pad 32 and the solder bump. Seed layer 44 electrically
connects to contact pad 32.

A photoresist layer is first coated, exposed, developed,
and etched to form a first opening or column having a width,
which is less than that of contact pad 32. The first opening

in the photoresist layer has the form of a cylinder with its
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nickel, or other metal. 3. The electrical interconnect of claim 1, wherein the single cylindrical inner core
pillar extends into the spherical bump at least two-thirds of a height of the spherical bump. 4. The
electrical interconnect of claim 1, wherein the single cylindrical inner core pillar has a width 40-60% of a
width of a spherical bump diameter. 5. An electrical interconnect within a semiconductor package,
consisting of: a substrate having a plurality of active devices formed thereon; a contact pad
formed on thé 3tpstrate ipreleetritar gortaet Withcthetpllrdlity 6 Activé BevitBST af #sulation layer formed

over the substrate€sr 70 is deposited in the first opening between the
photoresist layers by electroless plating or electrolytic
plating. Due to the form of the first opening, inner core
pillar 70 has a cylindrical shape with a hollow interior, as
seen in FIG. 4b which is a top view of bump 76 and supporting
structure at line 4b-4b. In another embodiment, the inner
core pillar can be toroidal in shape. The height of inner
core pillar 70 is about two-thirds the thickness of the
photoresist layer. The photoresist layer is again exposed,
developed, and etched, without completely stripping the layer
away, to form a second opening or column over the first
opening. The second opening has a width, which is greater
than the width of contact pad 32. The distance from the edge
of the second opening in the photoresist layer to core pillar
70 is less than the thickness of the photoresist layer.
Barrier layer 72 is formed over seed layer 44 and core pillar
70 for metal (Cu) diffusion isolation. Wetting layer 74 is
formed over barrier layer 72.

A solder layer is formed by depositing electrically
conductive material by electroless plating, electrolytic
plating, or screen printing over wetting layer 72. The
solder material can be any metal, e.g., Sn, Pb, Ni, Au, Ag,
Cu, Bi, and alloys thereof, or mixtures of other conductive
materials. In one embodiment, the solder material is 63
percent weight of Sn and 37 percent weight of Pb.

Any remaining portion of the photoresist layer is
stripped away. An etching process removes any portion of
seed layer 44, barrier layer 42, and adhesion layer 40
outside the region of the solder bump structure. Solder bump

64 is reflowed by heating the conductive material above its
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an under bump metallization (UBM) formed over the contact pad and the insulation layer; a cylindrical
inner core pillar including a hollow interior centered over and formed within a footprint of the contact pad;
a conductive layer formed over the cylindrical inner core pillar and the hollow interior; and a spherical
bump formed around the conductive layer, the cylindrical inner core pillar, and electrically connected to
the contact pad. 6. The electrical interconnect of claim 5, wherein the UBM includes an adhesion layer,

barrier layer, BhHtSetH RYERt T.OTHe Electrica istetcorinett bt chiimPSwhéfeid #s@ @§fidrical inner core
pillar is made-@fgoppsf pickel oF pthermetalate 34. solder bump 76 electrically

contacts core pillar 70, seed layer 44, and metal contact pad
32.

In summary, the process of forming the solder bump
around an inner core pillar by plating solder material and
then reflowing the solder material once or multiple times to
form the solder bump reduce solder joint resistance and
improves strength and reliability for the bump support
structure. The inner core pillar extends into the solder
bump at least two-thirds a height of the solder bump. In
addition, the barrier layer and wetting layer formed over the
inner core pillar also enhance strength and reliability for
the bump support structure.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of

the present invention as set forth in the following claims.
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8. The electrical interconnect of claim 5, wherein the conductive layer includes a barrier layer and a
wetting layer. 9. The electrical interconnect of claim 5, wherein the cylindrical inner core pillar extends
into the spherical bump at least two-thirds of a height of the spherical bump. 10. An electrical

interconnect within a semiconductor package, consisting essentially of: a substrate having a plurality
of active devices formed thereon; a contact pad formed on the substrate in electrical contact with the
plurality of active devices; an insulation layer fornteché¥ér the substrate; an under bump metallization

(UBM) formed over the contact pad and the insulation layer;

What is claimed:

1. An electrical interconnect within a semiconductor
package, consisting of:

a substrate having a plurality of active devices formed
thereon;

a contact pad formed on the substrate in electrical
contact with the plurality of active devices;

a first insulation layer formed over the substrate;

a second insulation layer formed over the first
insulation layer;

a first barrier layer formed over the contact pad and
the first and second insulation layers;

an adhesion layer formed over the first barrier layer;

a seed layer formed over the adhesion layer;

a single cylindrical inner core pillar including a
hollow interior centered over and formed within a footprint
of the contact pad;

a second barrier layer and a wetting layer formed over
the single cylindrical inner core pillar and the hollow
interior; and

a spherical bump formed around the second barrier layer,
the wetting layer, and the single cylindrical inner core
pillar, wherein a footprint of the spherical bump encompasses
the footprint of the contact pad, and the spherical bump is

electrically connected to the contact pad.

2. The electrical interconnectof claim 1, wherein the

single cylindrical inner core pillar is made of copper,
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an inner core pillar including a hollow interior formed within a footprint of the contact pad; a first
barrier layer and a wetting layer formed over the inner core pillar; and a spherical bump formed
around the first barrier layer, the wetting layer, and the inner core pillar, wherein the spherical bump is
electrically connected to the contact pad. 11.The electrical interconnect of claim 10, wherein the UBM
includes an adhesion layer, a second barrier layer, and a seed layer. 12. The electrical interconnect of
claim 10, whérefif tHe infier €BPRe pilles s -a form factor selected from the group consisting of rectangular,
cylindrical and toroidal.

3. The electrical interconnect of claim 1, wherein the
single cylindrical inner core pillar extends into the
spherical bump at least two-thirds of a height of the

spherical bump.

4. The electrical interconnect of claim 1, wherein the
single cylindrical inner core pillar has a width 40-60% of a

width of a spherical bump diameter.

5. An electrical interconnect within a semiconductor
package, consisting of:

a substrate having a plurality of active devices formed
thereon;

a contact pad formed on the substrate in electrical
contact with the plurality of active devices;

an insulation layer formed over the substrate;

an under bump metallization (UBM) formed over the
contact pad and the insulation layer;

a cylindrical inner core pillar including a hollow
interior centered over and formed within a footprint of the
contact pad;

a conductive layer formed over the cylindrical inner
core pillar and the hollow interior; and

a spherical bump formed around the conductive layer, the
cylindrical inner core pillar, and electrically connected to

the contact pad.

6. The electrical interconnect of claim 5, wherein the UBM

includes an adhesion layer, barrier layer, and seed layer.
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13. The electrical interconnect of claim 10, wherein the first barrier layer and the wetting layer are formed
within the hollow interior of the inner core pillar. 14. The electrical interconnect of claim 10, wherein the
inner core pillar is made of copper, nickel, or other metal. 15. The electrical interconnect of claim 10,
wherein the inner core pillar extends into the spherical bump at least two-thirds of a height of the spherical
bump. 16. The electrical interconnect of claim 10, wherein the inner core pillar is centered over the
footprint of the contact pad. 17. An electrical interconnect within a semiconductor package, consisting

essentially of;,  a substiate havinga pluralit-ehactive deviees formed thereenn tnhea contact pad

formed over the_substrate in electrical contact with the plurality of active devices;
cylindrical inner core pillar is made”of copper, nickel, or

other metal.

8. The electrical interconnect of claim 5, wherein the
conductive layer includes a barrier layer and a wetting

layer.

9. The electrical interconnect of claim 5, wherein the
cylindrical inner core pillar extends into the spherical bump

at least two-thirds of a height of the spherical bump.

10. An electrical interconnect within a semiconductor
package, consisting essentially of:

a substrate having a plurality of active devices formed
thereon;

a contact pad formed on the substrate in electrical
contact with the plurality of active devices;

an insulation layer formed over the substrate;

an under bump metallization (UBM) formed over the
contact pad and the insulation layer;

an inner core pillar including a hollow interior formed
within a footprint of the contact pad;

a first barrier layer and a wetting layer formed over
the inner core pillar; and

a spherical bump formed around the first barrier layer,
the wetting layer, and the inner core pillar, wherein the

spherical bump is electrically connected to the contact pad.

11. The electrical interconnect of claim 10, wherein the
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an insulation layer formed over the substrate; an under bump metallization (UBM) formed over the contact
pad and the insulation layer; an inner core pillar including a hollow interior formed within a footprint of
the contact pad; a conductive layer formed over the inner core pillar; and a rounded bump formed
around the conductive layer and the inner core pillar, wherein the rounded bump is electrically connected
to the contact pad. 18. The electrical interconnect of claim 17, wherein the UBM includes an adhesion
layer, a barriéEfdyér @riehs seed |agee SLOTHE Bfdotridal SRtereshiect of Traifk Y 2rwheréin dhe
conductive laygeincludes-a barrier layer and wetting layer.

12. The electrical interconnect of claim 10, wherein the
inner core pillar has a form factor selected from the group

consisting of rectangular, cylindrical and toroidal.

13. The electrical interconnect of claim 10, wherein the
first barrier layer and the wetting layer are formed within

the hollow interior of the inner core pillar.

14. The electrical interconnect of claim 10, wherein the

inner core pillar is made of copper, nickel, or other metal.

15. The electrical interconnect of claim 10, wherein the
inner core pillar extends into the spherical bump at least

two-thirds of a height of the spherical bump.

16. The electrical interconnect of claim 10, wherein the
inner core pillar is centered over the footprint of the

contact pad.

17. An electrical interconnect within a semiconductor
package, consisting essentially of:
a substrate having a plurality of active devices formed
thereon;
a contact pad formed over the substrate in electrical
contact with the plurality of active devices;
an insulation layer formed over the substrate;
an under bump metallization (UBM) formed over the

contact pad and the insulation layer;
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20. The electrical interconnect of claim 17, wherein the inner core pillar has a form factor selected from
the group consisting of rectangular, cylindrical and toroidal. 21. The electrical interconnect of claim 17,
wherein the conductive layer is formed within the hollow interior of the inner core pillar. 22. The electrical
interconnect of claim 17, wherein the inner core pillar is made of copper, nickel, or other metal. 23. The
electrical interconnect of claim 17, wherein the inner core pillar extends into the rounded bump at least
UNO%thSOfaheKﬁﬂQﬁ%ﬁ@?éuﬁﬁﬁ?bﬂﬁﬁiar including a hollow interior formed

within a footprint of the contact pad;

a conductive layer formed over the inner core pillar;
and

a rounded bump formed around the conductive layer and
the inner core pillar, wherein the rounded bump is

electrically connected to the contact pad.

18. The electrical interconnect of claim 17, wherein the
UBM includes an adhesion layer, a barrier layer, and a seed

layer.

19. The electrical interconnect of claim 17, wherein the

conductive layer includes a barrier layer and wetting layer.

20. The electrical interconnect of claim 17, wherein the
inner core pillar has a form factor selected from the group

consisting of rectangular, cylindrical and toroidal.

21. The electrical interconnect of claim 17, wherein the
conductive layer is formed within the hollow interior of the

inner core pillar.

22. The electrical interconnect of claim 17, wherein the

inner core pillar is made of copper, nickel, or other metal.
23. The electrical interconnect of claim 17, wherein the

inner core pillar extends into the rounded bump at least two-

thirds of a height of the rounded bump.
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