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 iter?®HRARe BUME tHE I LSHE B r C OB G &AR afRb t SEMFHIHNETHR HBGEARE 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 pasgiﬁslo%v st[S‘ f(}l’m'iﬁﬁtal\?é’riety 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}gréatiornegfe trp@ slem,iecgggggtorr é/jcceess Qn thee\rllvg\%rl Tpg finished wafer has an active
side containing the transigtors and otHer active angl passive con%ponents. Back-end manufacturing refers
to cutting or siegdladngese finishedraferintoahe indiviluat tiel and divery patkagingdhe die for structural
support and/efgpviconmental isolation: 1 ; , Qe goal-efisemiconductor,manyfagiuing is to produce a
package suitable for faster, reliable, smaller, and higher-density integrated circuits (IC) at lower cost. Flip
chip package$orwafer 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 subitg%t]g r rrilrgeg tcir‘glg‘g b{Ja‘rr((ja r(lg(l:gr} The electrical and mechanical
interconnect between the active devices on the die and coniduction fracks on the carrier substrate is
achieved through a solder bump structure comprising a large number of conductive solder bumps or balls.

The solder bumps agg;grggggigg@Orleﬂ@g\g,g@&gsgpé)pyggﬁg cpgtqgmdgﬁag%eﬁd ggglae sgmiconductor
substrate. The solder bumps are then soldered to the carrier substrate. The flip chip semiconductor

package providé§ alshiortertlical eBRAGERGH pafPrfom the dethe f&idéd 6n the SR 3 M carrier
substrate in ordemto raduce=sigpalpropagatientlpwes capacitance,and achieve oyerall better circuit

peﬁo”nancebomputers, 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.



The reliability and integrity of the solder bump is 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 prid?2t S6ldér BampeStHFufesc & kWi 6 eXHibit\Weak sbRISPIGIALS atticularly with

fine pitch appligatians 18.addition, seme prior art bunp stivcturescontisue tg haveihjgh joint resistance,
which increases power consumption and heat dissipation. A need exists for a solder bump structure
with enhancedf&tFerigth SHdrEiiabfity Shd fowsPjoint resibtan@® Surfiftisry of fHe ThvehtiBn In one
embodiment,itheyrgsentanventien isle flipl chipsemiconducdy package esirprising a<stibstrate having a
plurality of aﬁi&zg devices formelqithgreson. Acontact pggrilsé J1iocrmedaga the substrate. in electrical contact

. i emandin eed, T I in .
with the plurality of active e\%ces.gAn itermédiate conductive’ fayer is 8|sposeé a]%ove the substrate in

electrical contactwith the' édmachpad SAl inéracore pillsr is fovied dvapthetinterntédiate conductive

layer. A first barrier layer andowetting layer are-formed evsrtbe innengorefiliar; 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 m&tBRAH o fofmthe ot fpr THe SoRfEBUMP i€ i elethifcat tohtdct With fedntermediate
conductive layetnhBEre tuer Cote pilan extendscinie: e soldes bump-atleastiyo-thirdsa height of the

solder bump. In agother embcodim}gnt, thet%resent invention ES segﬂconductgr. acléage comprising a
and con T1ion ra S. On e rrier u s%ra e S C 1%ve h
substrate having a r?luraﬁﬁy o?actlve 8eV|ces forme(ﬁhereon. 3\ contact padlls f%rme on the substrate in

electrical contdctawitiithe plotality ofactive devicesr Andatermietliate conthuctive fayerds dishbosed above

the substrate dn electrical.cantactwith the contact pads An inper coreillagis foumgd over the intermediate
conductive layer. A first barrier I%ﬁgr and wetting layer are formed over the inner core pillar. A solder

bump is forme8=#6tna¥hé firstodtePlyer andWwetingJaysr & irfifer doré pilfat BYPI&Ling solder
material and eeflawisg dbe setderunateriat tofararthe, soldeebyApier bumps are then

soldered to the carrier substrate. The flip chip
semiconductor package provides a short electrical conduction
path from the active devices on the die to the carrier
substrate in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.
The reliability and integrity of the solder bump is
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



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 comprisititf tHeSsteps ot Providirgy & 3uibsttate havingta plefdiity of attvédédices formed thereon,

forming a contact-pad o8 theatbstrates inmglectiical sgantact withithe ;plurality, of active devices, disposing
an intermediate conductive layer above the substrate in electrical contact with the contact pad, forming an
inner core pillar arodnd B intérhiddiafe®oRd FivEay EH BRd Mg 4 Solter bUB A661d the inner
core pillar by ptatingysoldentateniakbarid teflowing theweldefanateriad to faranthe. 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
illustrate the formation of an inner cofBMaF aSotdha BB RIFECSuUpporting structure; FIGs.
3a-3b illustrate formation of an inner core pillar in a solder bump using screen printed solder; and

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. 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 similar elements. While the invention is described in terms 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, iificadiohdy&id eeRiVEtems hsomay e mciutirwithirctheispitand Bcope of the invention

as defined bysthesappendgd claims andihgir eguivaleatsras supperied by the fellowing disclosure and
drawings. The manufacture of semiconductor devices involves formation of a wafer having a plurality
of die. Each dig doht&ind hiraréds o tHbUsands ofitransistoRy akd dtHetadtiveitd passive devices
performing one o¢ riere electricakfunctions.ther a givenrwatare eaeh diefronrthecwaferdypieally performs
the same elegtlgirg | 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 componréntsBakRerrivradiiecttnng Fefers o enttingorsinguating tie finished wafer into
the individuals die: and then packagingthe dig for;stryctural suppert and/erenvirpnmental isolation. A
semiconductor wafer.gtenerally includes an active front side surface having semiconductor devices
disposed theReotT, aht™d baEkSias SUFfals forfied With Gk SEmicBRductor TRaterial; €4 sititon. The
active front silersustacencamainsua ptiurality afrsemiconductor diesnihe-activecsurface is formed by a
variety of semifggg%tgr pr(%c%scstelsviencclluq]iri]gel%yeri% pargtgér}ing ggpingl?ng hiesat]ggea%mgnt. In the
layering procgss, semiconducior materials are grown or (]ieposite(f on the substrate by fec%niques
involving thermraloxidatiors pitridationachemicad vager deposition, dvaporatien camdisputtering. Patterning
involves use QBHQQtO@H}QQ@EBX 1o maskareas,of the syrfacg and eteh awgy ppndesired gaterial to form
specific structures. The doping process injects concentrations of dopant material by thermal diffusion or
ion implantatioht The e e strfacedis substatialy Brarsaratd uRitBEn with electrical interconnects, such
as bond pads. Flip ehiptsesmicenductonpackages apdavafet level packages VA Paracommonly
used with integrated circuits (ICs) demanding high speed, high density, and greater pin_counts. Flip chip
Sty packagiy TETRES MEUHI S abe HER of G BelonnFonat S carmer

substrate or prirtedcincaitdoant {PCB)<1 6) @sisiven N BIG. 11 tActiMe arealy2 cdatains active and
passive devices, gondugtive layers, ang dielectric layers agcarding 1 the glectrical design of the die. The

electrical and mechanical interconnect is achieved thro;g 1 a solder bump structure 20 comprising a large
number of indivRftiaF é6RductR/e sldelrbimpsier BAlls™22 The sbldef bl arétformed on bump pads

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 illustrate the formation of an inner



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 (m). 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 fP8RIE? 16 feduce sjynaP prspadation, fowerseansitahte, aid aehieveioverall better circuit

performance. FIGs. 2a-2d dllusirate cross-sectional views, of thg fasmation ofasuppert 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 contacPpad 32 i Tofinéd bAEiliCOHSubKrate 3% CoiftabE gad 32 i€ Matde 6f ARitinum (Al), copper
(Cu), or aluminum/copper alloys. Contdcet pad 32 is etectricallyfconmectedtoactivenand passive devices
through conduction tracks or layers formed on substrate 34. A solder bump will later be formed to connect
1 the metal CONtant i A Tt paaa s Ty er 35 b o ovet Bt SAm A 35 pening to
expose metabFéarmactpad 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 (S102), silicon oxynitride (SION), polyimide, benzocyclobutene (BCE),
polybenzoxazole (PEO), or olﬁﬁFﬁfs}l‘Fﬁi%ﬁ]‘éféﬁ’él?ﬂ%e%gnﬁkﬁa P H8yer 38 is formed over
passivation layer 36. Passivation layer 38 can be made using similar material as described for passivation
layer 36. Again, an (}%eningeiss efg m%qvbé/nrtelng%viri@ a %%r(t:i(r)n oef éﬁgials%ivar'%ieonolay%ro?fS to expose metal
contact pad 32. In another embo iment, passivation %yers ég are fjormedrby repassivation. The under
bump metallizatiore (UBN) uses ddiresion layer 490, optionaldiarrier tayer 42¢ aadsseed lager 44. An
adhesion layer,40 js formed over passivationlayer,38 fon hondipg ta barrier,layer 42. Adhesion layer 40
can be titanium (Ti), Al, titanium tungsten (TIW), and chromium (Cr). Barrier layer 42 inhibits the diffusion

of Cu into the*aBtivePareal6fthe tdie. BYHierGayeras t4R Helmadeoftickal {RPENIAIoYE Phitinum (Pt),
palladium (Pd)t Ttk apeschrastiemreapper{ CsCuhSeed layer dddisdarmedioyet batrier layer 42. Seed
layer 44 can vagﬂa%% with Cu, Ni, ni%kc?bl va adiumc%l\{)lec ,igrgl%géu)é or AtIhSeed layer 44 follows the

contour of passivation Igy%jrg%%l-% &nd con Q&Sﬁa 2°and acts as an mﬁgrmeai%ttel conductive layer

formed betweéert aretalccontactopad 32 lanethetsotder bl Seedtayers44 @lettrically connects to contact
pad 32.  InfiG, 2h. aphatoresist Iaver 50 is gaated; expased,develoned, and etched tgform a first

opening or column having a width, which is less than that of contact pad 32. The first opening is located
about centraltBcohta& PalcP32 2&n HriercstePilldrs2 RPBEPESIdThAAB FirstGherifid between
photoresist laygis 59 ynan electilesspladingroy alectralytia plating prosess.sGeke pillar 52 is made of Cu,
Ni, Al, or otheo{' suitable metal. By way of example, inner core pillar 52 can have a rectangular or
cylindrical formr?évcjtgﬁ%lthough other shapes are contemplated as well. The height of inner core pillar 52
is about two-thirds thé ¢hiokness: of phetorésiselayepr 50 wr L inronre einbrodiment, labout 50 lam in height

andSOIan]"kg%mgg?Bn 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
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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 othérisuitdble Fietal. Muetimgliaget56 istfor et ovérbertier flyet 540 Wéttingddyer 56 is made
of Cu, Au, or Ag; 1r anRlterpate; 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 electrolyfic pratirg FBIRLHbIS& HALING ProcEssovet WetiRG 18yers6. e S6/er material can
be any metalsedy, tiutSa);dead (Rb)y NicAdcsilver{Ag), Cevhisarithinite{Bdj andealloys thereof, or
mixtures of other cgn}glggg\éel material . In.ope Ienrlre\(?ocviviimc%nt the solder. material is 63 percent weight of Sn
and 37 percent weight of Pb. The barrier ayer and wetting i%yer between solder ayer 58 and seed layer
44 enhance refisbilineof the simp Suppeftstructiire. act IneFI16; 2ef; apydentdifingdsortion of photoresist

layer 50 is stripped away. ApieichingRrogess Lemoyas anyRortion of segd layeri44, adhesion layer 42,
and barrier layer 40 outside the region of the solder bump structure, for example in applications where the
UBM layers e%&'ﬂéﬁ@%nﬁﬁu&?ﬁﬂ}‘%%t\ﬁé‘eﬁ adfHcEnt Soffer BuMpS " So1aEr fayet 8858 TEffowed by heating
the conductivenmaterial @boxvedtsime|tingapaiattoi darm @sphericad ball 10 bunmp 68tamer semiconductor
substrate 34. 1n r}geemgogirrni%nt, sro(ljdceersbsum% 60iig Oarp ut t7§rlam(_ji@eheligttﬂt a%dr 80 I%g]win dizrameter.
Solder bump electrlcaYIy contacts core pillar %IB, see ﬁlayer 44? and metal contact padnsf. As a
feature of thedgiesent iventionh hhessdldérbumpds formed aeoernd bamigriayer 54.awetihg layer 56, and
inner core pillar 52.by plating;salder.material and thenreflowing the,salder, gyaterial to 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 SERIR? BERHE The EoreSpitar RE-RT s typrcaiiy e thaifelpifch Bétivedh adjacent solder

bumps in burppsticive2f: e/ cere pilakwidih is typicallycakoiit 40% ta 6% of the:bugnp diameter.
The distance froo{n the sglder botto edgefto the core Pglar edge is about 200/%0 3(%% of the bump
cd mat al . t clfic r e

diameter. These features reduce solder Jom(frrgsi%Faence and Fmp}loc\/%usrt?esﬁgth and re(ﬁ%lrﬁ%/ for the bump

support structurece s s Amakernate empodiment of: theoffipdchip package is.shown i FGN3a. As
described abgye.-metal contactpad; 32 is formed.on substrate 34. Contact pad 32is electrically

connected to active and passive devices through conduction layers formed on substrate 34. Passivation
layer(s) 36 isToRAEd Bver stiBstrarn34 withcart BpERTAY 18 éxpdsesnbtal €dhtact pad 32. An adhesion

layer 40 is formed ovenh passivatian dayer 36-tordaneing, to barrier layer 42. Barrier layer 42 inhibits the
diffusion of Cu into tglf,active area of the die. Seed Iag/er 44 is forrged oger b?rrierllayer 42. Seed layer 44
i {32 ‘andthe solder bump. Seed

is an intermediate condﬁctﬁ/%llgyére Pormay b&twden meta Contadt pa
layer 44 electrically gonneéristtd corgactpachb82y used with integrated circuits
(ICs) demanding 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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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 is 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, aRd etehedwitisutEormsietsly Strippifg five Ryt atvay, td forkia SECdREBpening or column

over the first opening. The secons-apening hias awidthewhiahis, greater than the widthuaf,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 leS¥ than tHRthickRe5§ of phidtbresist iy er 80° Ba#ier fayer 8471s formiéd bU&r seed layer 44
and core pillax &2ifos metat (GCukdiffusiomisalationn Wetting dayler S6oisifosmedeavet barriehkayer 54. A

solder layer ig formed by, depositing, aletrically conductive materiglthioush.g screen printing process
over wetting layer 56. The solder material can be any T\%eta, e.g., Sn, P%, Ni; Au, Ag, Cu, B1, and alloys
thereof, or mixeuresf atitePesifduttive materials 1n Diesémpbdiménto the selbd avatefiali’"63 percent

weight of Sn gnd 37/spercenf, weightof PR Afternlating. thesolderdryeeisyefloweddtoform ball or bump
64 between photoresist layers 50. In FIG. 3b, any remaining portion of photoresist layer 50 is stripped

away. An etcAiMy protess rémotes Gy Purtion vfRekl I1dyerud, ufssion fayer %25 afd Barrier layer 40
outside the regien v the selaet burp struetue.sSeldet bumip 64isyetlowed a second timerby heating the

conductive m@terlalcf\bove its me tlr%%;(%mnt tc%goorrqw as herical ball ortbum 66 dg,pogf?egeover

. O requce _Si1 a . wer apaclitan r 11 a ve
semiconductor substrate 34- Soide ur%p%aG electrically contacis core pﬁ ar 5%, seed layer 44, and metal
contact pad 32/erall better circuit performance.

FIGs. 2a-2d illustrate cross-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 is
formed 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 1is
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 (BCR),
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 1is



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 embé@iffiest dhthé e Ehipdpackarietis Shown RPFIG. . 5 deésetitePabbve, metal contact pad

32 is formed gp.substrate 34. Contact pad32 iselectrically conpectaghioastivie-and passive devices
through conduction layers formed on substrate 34. Passivation layer(s) 36 is formed over substrate 34
with an openig o exbose methl Tontact pad 32 .5ar AtReSiontiay&PA6 s tothed over Pssivation layer
36 for bondingriegrrieblayer 42: Barteriayen42inhipits the ditusian oh Cudnta-thedactive area of the die.
Seed layer 44 is formed over barrie !%}’& 42, Seed Jayer 44 js an int ﬁmedh?ﬁlte conductive layer formed
between metal contact pad 32 and the solder bump. Seed aye9/44 electrically connects to contact pad
32. A phérresistiayep isffirstedatede expased vdévieloped vatd étcheetofentd iafirst ®pening or
column having-a width, which isiless tham that of contact pasl 32.The fitstopening iprthe photoresist layer
has the form of a cylinder with its interior containing photoresist material. An inner core pillar 70 is
deposited in the first bpERing Letiéehthe Phidloresistdayers By eféctibless pl&eig bF Blectrolytic plating.
Due to the fommasefthe firstropening, inner earerpifanR0 hasaicylindsicahshape with a helowidnterior, as
seen in FIG. 4b whjch is a top view of bum and suypporting structure.at Jine 4b-4b. In another
embodiment,ttﬁg i#ﬁeer'cor%ar%ﬁalrecranfﬁg?g?ozlgalclﬁ %r%%oef“ % hoekljgkrlltlocf}?re}r%ere(\ CN&Be’pih]alr_m is about
two-thirds thexthickhessleftthe photbresist tayeraThenphdtdresist 1ayerds dgalrr exposed, developed, and
etched, without completely-styipping.the layer.away, tosform-a.sgcond opening ar-calypu over the first
opening. The second opening has a width, which is greater than the width of contact pad 32. The distance

from the edgé of the’86Eord BpENhY ihdhe PhotGdtist Hayerts cdie pilfar R 1888 ftHrtthe thickness of

the photoresistilaygy. Barriedayer (#uis, forned over seed laysic44 andcore gillaridfor metal (Cu)
diffusion isolation. Wettlgg Iagker 74 |5Ef.ormeld oversb%rggg yaerqu. A solde I%)éera{rsugormed by

" contour Ssivalblo ayer ontact Lo
depositing electrlcaWy condiictive material by elgctrolesds plating, e(fe@troa}ytlc B% ing, or sCreen printing
over wetting layes 72s The soldermmaterist candelany metall ®vgy She P NipAtvAgnCue B4l and alloys

thereof, or mixtures af qther eondygtive,materials. In,gne embediment, the sqlgder material is 63 percent

weight of Sn and 37 percent weight of Pb. Any remaining portion of the photoresist layer is stripped
away. An etchifProtesds t¢moves anypdrfion O seell 187 44 -adhesion layer 42, and barrier layer 40
outside the region of therseldep bump strdctyre SSalden bymp 64 is eeflovad-hy heatingdhe conductive

nuﬂenalab@ﬁ%%%loped, 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 um in diameter.
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melting point to form a spherical ball or bump 76 disposed over semiconductor substrate 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 fwd-Hirds & herjtittortre SeliderBifnp St dddifsR thebarfier RyePanhd wetting layer

formed over thednaergere pijar also,enrhance %@Mg@é\ﬂyf eéiaﬂiﬁpmgh%}b@mﬁ%@port structure.
While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan

will appreciat8"tA¥t modificatidng a?ﬁfz%@btﬁ%ﬁ%?@tt?d%ec&%waﬂlrﬁé’ﬁf% tha§ beiade without departing
from the scopeehthegpresent invention asp&etifnqhhmhafoltmi\ﬂhg ctaimsh Glaimsd¥hatis claimed: 1. A

i e SR PO SISO S St D ARV Al v o
devices: of the second openlng 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 1is

made of Ni, Pt, or other suitable metal. Wetting layer 56 is

formed over barrier 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, adhesion layer 42, and barrier 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



an intermediate conductive layer disposed above the substrate in electrical contact with the contact pad,;
an inner core pillar formed over the intermediate conductive layer; a first barrier layer and wetting
layer formed over the inner core pillar; and a solder bump 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 being in electrical contact with the intermediate conductive layer, the inner

core pillar exteteihg int® e seRfer bukip af IdastBve thipds & HEFHCoMNHe Setdersiihpr 2 The flip chip
semiconductarpackage-efclaimdq wherein thelinaer eerepilar isgnadeof COPPEh nigkel, or other metal.

3. The flip Chl}? semlconductor package of claim 1, further |nclud|ng aé)asswatlon Iayer formed over the
substrate: eight and 80 'pm in diameter’. Solder bump electrically

contacts core pillar 52, seed layer 44, and metal contact pad

32.

As a feature of the present invention, the solder bump
is formed around barrier layer 54, wetting layer 56, and
inner core pillar 52 by plating solder material and then
reflowing the solder material to 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 solder bump.
The core pillar height is typically less than the pitch
between adjacent solder bumps in bump structure 20. The core
pillar width is typically about 40% to 60% of the bump
diameter. The distance from the solder bottom edge to the
core pillar edge is about 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 1is
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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a second barrier layer formed over the passivation layer; and an adhesion layer formed over the
second barrier layer and in contact with the intermediate conductive layer. 4. The flip chip semiconductor
package of claim 1, wherein the inner core pillar has a form factor selected from the group consisting of
rectangular, cylindrical, toroidal, and hollow cylinder. 5. A semiconductor package, comprising: a
substrate having a plurality of active devices formed thereon; a contact pad formed on the substrate
in electrical contact Rithtthetarlint et aetiveldévicés;r st aadntefmetiate Tofductive layer disposed

above the substratedpelectsical contastiwith the santact pagh opan innes £ore pillan formed over the

intermediate conductive layer; . . . .
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. 1In 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, adhesion layer 42, and barrier layer 40

outside the region of the solder bump structure. Solder bump
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a first barrier layer and wetting layer formed over the inner core pillar; and a solder bump 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. 6. The semiconductor package of claim 5, wherein the inner
core pillar extends into the solder bump at least two-thirds a height of the solder bump. 7. The
semiconductor package of claim 5, wherein the inner core pillar is made of copper, nickel, or other metal.
8. The semicbAddi€tof PaEREGE of cRARD viieidim fie st bahterlagecistorfied Ger the inner core

pillar and thepwetting Jayerdsfarmed oven the.bagier hayero %dhe sempiaanductar package,of claim 5,
wherein the solder material is reflowed multiple times to form the solder bump.

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 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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10. The semiconductor package of claim 5, further including: a passivation layer formed over the
substrate; a second barrier layer formed over the passivation layer; and an adhesion layer
formed over the second barrier layer and in contact with the intermediate conductive layer. 11. The
semiconductor package of claim 5, further including: a first via formed between the solder bump and
intermediate conductive layer for providing electrical connection; and a second via formed between
the intermediafe esRductiveagénand cehtdct parlifof provigingodlectrical éomeection: ©12. The

semiconduct@rigqqiagﬂgof-gam@§® whesginithednaercere-pillai-has g feunfaeter sglected from the group
consisting of rectangular, cylindrical, toroidal, and hollow cyllnder 13. A semiconductor package,
comprising: 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-4Db. 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, adhesion layer 42, and barrier 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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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 inner core pillar formed above the
contact pad; and a solder bump formed around the inner core pillar by plating solder material and
reflowing the solder material to form the solder bump. 14. The semiconductor package of claim 13,
further including a first barrier layer and wetting layer formed over the inner core pillar. 15. The
semiconduct8epacikigeefiélaint 43 further ifelging an imefmediat® eBRduétivE Riyef Bisposed above

the substratepslectrgal-contact with the sentact pad. 16; Jhe-semicandustar package of claim 13,

further including: .
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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a passivation layer formed over the substrate; a second barrier layer formed over the passivation
layer; and an adhesion layer formed over the second barrier layer and in contact with the
intermediate conductive layer. 17. A method of making a semiconductor package, comprising: 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 Claims

What is claimed:

1. A flip chip semiconductor package, comprising:

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 intermediate conductive layer disposed above the
substrate in electrical contact with the contact pad;

an inner core pillar formed over the intermediate
conductive layer;

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

a solder bump 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 being in electrical contact with the
intermediate conductive layer, the inner core pillar
extending into the solder bump at least two-thirds a height
of the solder bump.

2. The flip chip semiconductor package of claim 1, wherein
the inner core pillar is made of copper, nickel, or other

metal.

3. The flip chip semiconductor package of claim 1, further
including:

a passivation layer formed over the substrate;
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forming a solder bump around the inner core pillar by plating solder material and reflowing the solder
material to form the solder bump. 18. The method of claim 17, further including forming a first barrier
layer and wetting layer over the inner core pillar. 19. The method of claim 17, further including forming an
intermediate conductive layer disposed above the substrate in electrical contact with the contact pad. 20.
The method of claim 17, further including: forming a photoresist layer; forming a first opening in the
photoresist layer; platifg ffe et €ot€ pillar 1i¢ thef RSt opeRifRy foRFinG%E sédsrid 8pening in the
photoresist laygy over thesfirst opening, the second opening being greater than the

an adhesion layer formed over the second barrier layer

and in contact with the intermediate conductive layer.

4. The flip chip semiconductor package of claim 1, wherein
the inner core pillar has a form factor selected from the
group consisting of rectangular, cylindrical, toroidal, and

hollow cylinder.

5. A semiconductor package, comprising:

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 intermediate conductive layer disposed above the
substrate in electrical contact with the contact pad;

an inner core pillar formed over the intermediate
conductive layer;

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

a solder bump 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.

6. The semiconductor package of claim 5, wherein the inner
core pillar extends into the solder bump at least two-thirds

a height of the solder bump.

7. The semiconductor package of claim 5, wherein the inner
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first opening; plating the solder material in the second opening; removing the photoresist layer; and
reflowing the solder material to form the solder bump. 21. The method of claim 17, wherein the inner core
pillar is made of copper, nickel, or other metal. 22. The method of claim 17, wherein the inner core pillar
has a form factor selected from the group consisting of rectangular, cylindrical, toroidal, and hollow

cylinder. 23. The method of claim 17, further including: forming the first barrier layer over the inner
core pillar; arfePre pillar is made of copper, nickel, or other metal.

8. The semiconductor package of claim 5, wherein the first
barrier layer is formed over the inner core pillar and the

wetting layer is formed over the barrier layer.

9. The semiconductor package of claim 5, wherein the solder

material is reflowed multiple times to form the solder bump.

10. The semiconductor package of claim 5, further including:
a passivation layer formed over the substrate;
a second barrier layer formed over the passivation
layer; and
an adhesion layer formed over the second barrier layer

and in contact with the intermediate conductive layer.

11. The semiconductor package of claim 5, further including:
a first via formed between the solder bump and
intermediate conductive layer for providing electrical
connection; and
a second via formed between the intermediate conductive

layer and contact pad for providing electrical connection.

12. The semiconductor package of claim 5, wherein the inner
core pillar has a form factor selected from the group
consisting of rectangular, cylindrical, toroidal, and hollow

cylinder.

13. A semiconductor package, comprising:
a substrate having a plurality of active devices formed

thereon;
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forming the wetting layer over the first barrier layer. 24. The method of claim 17, further including: forming
the wetting layer over the inner core pillar; and forming the first barrier layer over the wetting layer.

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

an inner core pillar formed above the contact pad; and

a solder bump formed around the inner core pillar by
plating solder material and reflowing the solder material to

form the solder bump.

14. The semiconductor package of claim 13, further including
a first barrier layer and wetting layer formed over the inner

core pillar.

15. The semiconductor package of claim 13, further including
an intermediate conductive layer disposed above the substrate

in electrical contact with the contact pad.

16. The semiconductor package of claim 13, further
including:

a passivation layer formed over the substrate;

a second barrier layer formed over the passivation
layer; and

an adhesion layer formed over the second barrier layer

and in contact with the intermediate conductive layer.

17. A method of making a semiconductor package, comprising:

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
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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.

18. The method of claim 17, further including forming a
first barrier layer and wetting layer over the inner core

pillar.

19. The method of claim 17, further including forming an
intermediate conductive layer disposed above the substrate in

electrical contact with the contact pad.

20. The method of claim 17, further including:
forming a photoresist layer;
forming a first opening in the photoresist layer;
plating the inner core pillar in the first opening;
forming a second opening in the photoresist layer over
the first opening, the second opening being greater than the
first opening;
plating the solder material in the second opening;
removing the photoresist layer; and

reflowing the solder material to form the solder bump.

21. The method of claim 17, wherein the inner core pillar is

made of copper, nickel, or other metal.

22. The method of claim 17, wherein the inner core pillar

has a form factor selected from the group consisting of

rectangular, cylindrical, toroidal, and hollow cylinder.
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23. The method of claim 17, further including:
forming the first barrier layer over the inner core
pillar; and

forming the wetting layer over the first barrier layer.

24. The method of claim 17, further including:
forming the wetting layer over the inner core pillar;
and

forming the first barrier layer over the wetting layer.
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