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 itesas.prxkeiom heradusiaRorcsneneiaAnaket sEvmiconduiosraEAorAdin 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 aiigednefoassey eTadrrensipeyforming 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 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 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 fQr Kes-demanding:high speed.tigh density, and-greater i sounts: Elip chip style
packaging involves mountin%tthe active side of the die facedown toward a chip carrier substrate or printed

circuit boaFP IPCEY: e lectrical&rd Afdchifical MtEIitoAndE BEtHBER THE Sctive d&iceé<on the die
and condugtion fracks ondhe sawies substratedis aghieved thepughta seldern bumprstricdidre comprising a
large number of conductive solder bumps or balls. The solder bumps are formed by a reflow process
applied t8' 25ftact Bads Hi¥posBa b tHE Senfiddndtittor BB THe SBidér surips af€then soldered to
the carriesistibstrates Thedlip ehip semiconduction packagerprovides iaasharhelectrical conduction path

from the active devices on the die to the carrier substrate in ordgr to reduce signal pro agé?tion, lower
. .One\%ga 8 semlconductor manu act¥ﬁlng.%y.t é?o u??
capacitance, and achieve overall better circuit performance. e reliability and integrity of the

solder bump iscirppstant ta testiag fomanttacturing yieldi antldongenity 1o the preduct yihie-in service.
Device r%igggi%is a fucnction 1g)f yecinterconne&afr’? tegigl ﬁnd gtrructur%l .inte?Eit%/ of each solder bump and

its effectiveéness as an elettrical mterlc%cn%leté : prior art devices have a ten‘?pté: & modify the basic

structure i thex gelder bumpf écluding enpapsudating d first bume witheed sgcend behpf as described in
SrUren ore KA i A SOer e, porGIEHY witk 1t AL Splcator. n &ddiion.
some priérlamn bampestaictdesrcontinge tg have higrejpimaesistanget Whichdhdreases power
Consumpyﬁgqygé"%ﬁ&@ﬁ@%ﬁmpoward a chip carrier substrate or printed

circuit board (PCB). The electrical and mechanical interconnect

between the active devices on the die and conduction tracks on

the carrier substrate is achieved through a solder bump

structure comprising a large number of conductive solder bumps

or balls. The solder bumps are formed by a reflow process

applied to contact pads disposed on the semiconductor substrate.

The solder 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
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A need exists for a solder bump structure with enhanced strength and reliability and lower joint resistance.
Summary of the Invention In one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a semiconductor wafer having a plurality of active
or passive devices formed on the semiconductor wafer, forming a first conductive layer over the
semiconductor wafer electrically connected to the active or passive devices, forming an insulation layer
over the first gandugtivedayerand semicondyctos wader, remwing:a, pertion of the insulating layer to
expose the first conductive layer, forming a second conductive layer over the first conductive layer and

insulatior? Pa&i™ fdrHiily & thirE cBRGGctveTaliéiosier the SEEGHY Eorfthiictive Sayi™ forfiiig-& fourth
conductiyeslayeraverthe third sonductivieilayer, apg farming sncore pilkar haying a hpllewrirterior region
over the fourth conductive layer and centered over first conductive layer. The core pillar has a width less
than a widti-8F thd"expBsBE first'ConbtEfive BYRF THE mEthaFflnther ftiutiesthe steps of forming a fifth
conductive=layer averdhedaurth condueitvedayeroand-corerpillaranicbinta the helkow interior region,

forming a _sixth.conductive layer over the fifth conductive layer and core pillar and into the hollow interior
region, an&?g’rﬁ%ﬁg %aqrglu’mp material over the sixth conductive layer. In another embodiment, the

present invention is a methesdofanaking afsemiconducior deviee comprising thevsteps of providing a
semlcondu%oarnscueb&trate f%rgl}gg a férst c%%%c%lve la er ovey the semlc.ondu](_;tGOSr lsgpgtrg%tg, forming an

insulationeféyer over tﬁ%%ﬁst conduictive Fayer an(]:lls% iconduc?gregub]s?r%i% removing a portion of the

insulating layer to expose the first conductive layer, forming a UBM layer over the first conductive layer,

and forming a core pillar over the UB ngd geptere first conductive layer. The core pillar
Sg? FEPIRLCT QVERE
has a width less than a width of the exposed Tirst conductive Layer. The method further includes the steps

of forming a second conductive layer over the UBM layer and core pillar, forming a third conductive layer

over the second condugfive -ayer, and farming 4 hump.aver fhe third.canduictive layer, g _In another

embodiment, the present invention is a method of making a semiconductor device comprising the steps of
providinged semlicor@lueto? Subseary forating aviirStecoriietive layer vber thesseimiednductor substrate,

forming a,UBM layer, oyerthe first candustive, laver, and farming g core, pillar, over the YBM lgyer and

centered over first conductive layer. The core pillar has a width less than a width of the first conductive
Layer. THEmeticd flethef fftlddesnhe steps becaBimamPasplging e sedondicoritiuetive layer over the

UBM layer;angd corerpillar: and farming ajurpp-over the.second.canductive layetiectrically

connected to the active or passive devices, forming an
insulation layer over the first conductive layer and
semiconductor wafer, removing a portion of the insulating layer
to expose the first conductive layer, forming a second
conductive layer over the first conductive layer and insulation
layer, forming a third conductive layer over the second
conductive layer, forming a fourth conductive layer over the
third conductive layer, and forming a core pillar having a
hollow interior region over the fourth conductive layer and
centered over first conductive layer. The core pillar has a
width less than a width of the exposed first conductive layer.
The method further includes the steps of forming a fifth
conductive layer over the fourth conductive layer and core
pillar and into the hollow interior region, forming a sixth

conductive layer over the fifth conductive layer and core pillar
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In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor substrate, forming a first conductive layer over the semiconductor
substrate, forming a UBM layer over the first conductive layer, forming a core pillar over the UBM layer
and first conductive layer, and forming a bump over the core pillar. The core pillar has a width less than a
width of the first conductive layer. Brief Description of the Drawings FIG. 1 is a flip chip

semicondycior; packageavithhsaldar bumps previding;elgctrisalinteseannest betwegn an astive area of the
die and a chip carrier substrate; . FIGs. 2a-2d illustrate the formation of an inner core pillar in a
solder butWFand'saipporting trrtte-ive 1aERSs. 3a-3b illustrate formation of an inner core pillar in a

solder bump using screen pridtedsolderbandment, FlGSpda-dbritustrate the fosmation of a hollow
cylinder irrglg%rh%ore pillar in a solder bump and supporting structure.

of making a semiconductor device comprising the steps of
providing a semiconductor substrate, forming a first conductive
layer over the semiconductor substrate, forming an insulation
layer over the first conductive layer and semiconductor
substrate, removing a portion of the insulating layer to expose
the first conductive layer, forming a UBM layer over the first
conductive layer, and forming a core pillar over the UBM layer
and centered over the first conductive layer. The core pillar
has a width less than a width of the exposed first conductive
layer. The method further includes the steps of forming a
second conductive layer over the UBM layer and core pillar,
forming a third conductive layer over the second conductive
layer, and forming a bump over the third conductive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor substrate, forming a first conductive
layer over the semiconductor substrate, forming a UBM layer over
the first conductive layer, and forming a core pillar over the
UBM layer and centered over first conductive layer. The core
pillar has a width less than a width of the first conductive
layer. The method further includes the steps of conformally
applying a second conductive layer over the UBM layer and core
pillar, and forming a bump over the second conductive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor substrate, forming a first conductive
layer over the semiconductor substrate, forming a UBM layer over

the first conductive layer, forming a core pillar over the UBM
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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, modifications, and equivalents as may be included within the spirit and scope of the invention

as definedRytheappendediclaimisand thelr equjvalentsas supperted Ry thedfellewing discosure and
drawings. . The manufacture of semiconductor devices involves formation of a wafer having a
plurality SIHi€. Bdch-ae contdifis Fehardédsldrtholiéands SftrasisteiSand othet attide Bndhassive
devices pefformingene ehmre slectnealdunctions. 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 compBidris. BaskebgtianfaEtuting rbieds imauetting or singulating the finished
wafer into the individual die and then packaging the die for structural support and/or environmental
isolation. A semiconductor wafer generally includes an active front side surface having
semiconductor devicesdisposed thetedn,iand-a backside surface tarmechwith dhallkvderniconductor
material. ¢.0., slicgn, The active,frant side surface. cqntajne. 2 pluality of semiconductor die. The active
surface i$ formed by a}\D/aring of semiconductor processes, inc u&ng ayering, paﬁernlng, oping, and
heat treatment. &f thehlayerirg pratess céemicoadudter materdals are grown or deposited on the substrate

by techniques invoIvingP {[Qjesrmai g)_(@(?tiorﬂ,lni%itdraéigg, %Iﬁeemiggl vapor odnepogiti&q, %%%orraggn,eand
sputtering. Patterning involves use o pllﬁotollllt ography to mask areas of the surface and etch away
undesiret rateralito ferns speeific lstruptures Fhecgoping processunjeetssconcentrations of dopant

material by thermal dif@f@gp@ign i@p@ﬁt&o& Jpg %cgyﬁasy[fgﬁe (g% sgplst%g%ly @gg@r and uniform
d

with electrical interconnects, such as bond pads.
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 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, 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
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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
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

interconneshis:aghieved-threugh a soldesbumpsstrecture-20 somprisinga targe umher of {ndividual
conductive solder bumps or balls 22. The solder bumps are formed on bump pads 24, which are disposed

on active®digal®s fntffe Predertexafpie®blnipdpatiee2s halie aFire fitcht 857 Mot tHEErddr of 150
micrometess: (gm)y ikhenbump padsd-eonnest ta-the activewciredits byconductonptacks-inactive area
12. The salder bumps 22 are electrically and mechanically connected to contact pads 26 on carrier
substrate"16 b§ ¥ €olGerrefibwGstocdsE TheFip chip SethicoRduldr PAdkigE providEs E ERdrt Electrical
conductiarepathsfrar the active daviees ondlie d4ie conduetion tiacks-en cattiet Isubgts&ierl6 in order to
reduce si RO aggtion, lower capacitance, and achieve overall better circait performance.

al
FIGs. 2a-2llustrat c(?c()jss"gaeceti]i)na?\?ie\?v% Stthé Yormeation cﬁ‘OanstuaplpnolrJEl S ﬁretﬁ)?réssloﬁéjrrﬁs’ump. Note

that for Fi@s. 2-4lthe waferiiscorentebwith itgcactivesorface sacin® apk ekl n2a; nietak caritact pad 32 is
formed on sjlicon substrate 34. Contact. pad 32 is made of aluminum (A1), copper (Cu), or
aluminun%/%gs&-sr a %yg.uégﬁfla%t Bgd %32% %?gc%ﬁgﬁlyt%%)%r?éé%hs%éeé@igé %%% ﬁa%%?vetdgeevices through
conductidmttasksiorlayers=foamed Oresulstrake: 84 14 solderdieng will laterbetformeéd<oronnéct to the
metal contagt %q:d. Aﬁ{]irist ggl%%ix%té'(in llaé'gﬂ g% .i% gormed over substrate 34 with an opening to expose
metal contac{pad 32 The opening is realize lby removing a portion of passivation layer 36 through a
photoresist mask definéd stching processr The fiest passiatidn Yayer 6uckrsbe madetwitk silicon nitride

(SIN), siliepp gioxide, (5102) csilicon, gxynitride (31QN). plyigyde, henzocyglobutene (BOB),

polybenzoxazole (PBO), or other insulating material. A second passivation layer 38 is formed over
passivatibh $329136. Padsivationr kyed 88 vanise mablerukiny Sintitar prdterialas- deschibedsor passivation

layer 36. Again, amopening is formed by remoying apogtion-ptpassivationdayer;38 to.expose wetal
contact pad 32. In another embodiment, passivation layers 36-38 are formed by repassivation. The under
bump metafizatich. (UBMY isESBURESIOH Tyt 40! BptiotalbarfierildgesaZ taftPsedd ByErad. An

adhesiondayer %EfQEWeQPV%H%%M@ﬁ%@’%@% frhonding to-baier layes 42 Adhesion layer 40
can be titanium (II), Al, titanium tungsten (TIW), and chromium (Cr) Barrier layer 42 inhibits the diffusion
of Cu int® e &etive drea ke die. Bifrieidayel- 422 A PR made Bf hitke@if Nilfloy, platinum (Pt),

palladiung (Rd)e TRV, 306 cHERMILM 60PREIH(GFEY).Seadlayer 44 is formedever harder layer 42. Seed

layer 44 can be made with Cu, Ni, nickel vanadium (NIV), . .
substrate by techniques involving thermal oxidation,

nitridation, chemical 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 surface is substantially planar and uniform with
electrical 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 involves mounting an active area 12

of die 14 facedown toward a chip carrier substrate or printed
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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-theifirstepening betyyearn phatoregist.jayars 30rky. an electrolessplatiag or glectrolytic plating
process. Core pillar 52 is made of Cu, Ni, Al, or other suitable metal. By way of example, inner core pillar
52 can h&¥d'a3eangaiar BF cifitftirRaFfofTatfor Lafugh tiBr Shafes arédotemplated as well. The
height of inner<ere pilar 524s abautwoithirgsthe thiekresscafphetaresist layer §6 armin ene- .
embodiment, about 50 gm in height and 50 gm in diameter. In FIG. 2c, photoresist layer 50 is exposed,
developel! &nd ttcHed &gHin AWithSr oISty SPibping thRI&yeravdy 16 %’r?’r?lag%EBH(q dpRning or
column oyer the-finstiopeninguthe seco epeing Hiasa width\whichuspeeaterthandhe wddtiof contact
pad 32. The ((jjistatnce from {he edg}e of the se onP ope ing in %hotorelsést Ia)éer 50 to core pillar 52 is less
than the thickness %Y%h%?orgseigt a&}&p 50.Barrier }ayer 4 is fokmet oveerrseel(l:inigﬁeraéff and core pillar 52
for metal {CuhddfusionosalatipadBattier layer &4 is reade ebNi &1, omother suitable ezetak Wetting layer
56 is forn}%d oyer barréigé layer ggm\/\geettin Iarxer 56Oilsé n?gechV%u, A%i nreA%. ilg n alternate %rgbodiment,
the sequéence can be Switche , i.e.I,D ar’rierllla)Fer%ﬁ can be formed over wetting fayer%Bg' ’ Solder
layer 58 isHermediby depositingrelecttiealtycconductiye materalihrgugbeats etectrobytia ¢atingoor

electrole lating process over wetting layer 56, The splder material can.be any metal, e.g., tin (Sn), lead
(PbY, Ni, ALCSET (K5, T T ate (55 BRd AMGya tardot, o MR oo ARGy ConduchuE materials
In one embddiment, the solderanatedakistG3ipercént weihhotBaranda37 percentweight of #b. The
barrier la er. %rédc \évettgncgsla er betwceeprslo@[q:erSIfa%esrt?ﬁ}aL %gd fge%}lzayaer S451 %?er}ancegfgability of the bump
support structure. P nFIG. 2(:1‘5,l any remaining portion of photoresis ayer%% IS s%qripped away. An
etching pracesssemovEsanylpgrtiomop semiconductor package provides a short

electrical conduction path from the active devices on die 14 to
conduction tracks on carrier substrate 16 in order to reduce
signal propagation, lower capacitance, and achieve overall
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 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



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 form a spherical
ball or bump 60 over semiconductor substrate 34. In one embodiment, solder bump 60 is about 75 pm in
height and 80 pm in diameter. Solder bump 60 electrically contacts core pillar 52, seed layer 44, and

metal contagtpadd2can be As@deature of the prasent inveption,dhe solder bumpisfornedaround
barrier layer 54, wetting layer 56, and inner core pillar 52 by plating solder material and then reflowing the

solder matetdrttr forrh the SBIdeF Buntd: 1 onéerbodinent XhB iifer dord piRY 2B into the
solder bupsa B4 l[easbtwasthirls:a height obthe)solder kiimprThe sarespilaheightis typicallyaless than the
pitch between adjacent solder bumps in bump structure 20. The core pillar width is typically about 40% to
60% of tHEHAMP dAMBLErFHE distance frofm the sofdétBotihrEdge i %h"eaédr%rbi#a?ryeed@e%@ about 20%
to 30% obtheshwmp thameteyeThese teatures reddee seldenjointriesistanceandiigiprave strength and
reliability for the, ump u?port structutre. An ?gernate embodiment of the flip chigcpack geis
shown inFiGS 38 AS described 568\?e,lrﬁgtajr gditac pad 3298 1ot et oY BBt Ste ‘32, COHERS pad 32 is
electricallyycannecteichtp activerantbpassiveodevidces through egrducivntayersifornedonsubstrate 34.
Passivation I%y%rés) 36 disggrmedi aver. %uctgsé@t% 1%14) §V§th an gpenin to expose nletal contg%t_%aéj 32. An

adhesionci%}era ig formed over passivation layer thlr)nrelzr)lorfdir‘Enjg]al osl%gﬁier?élyer%é.eﬁ%mer layer 42

inhibits therdiffiisionssf Cyinte tles adtivetarea .of thé dienSeed layew ddqs farmechaoverrbattieiMayer 42.
Seed layer 44 is an intermediate conductive layer farmed between_metal contact pad 32 and the solder
us(%% a%%s 0 ‘1% =gongy! }é%tlorﬁiﬁ r%%rgzl.er ePaygp%%grb S%}%ﬁa Qe%%a

bump. Seed layer 4 electrically conneéts to contact pa yer 50 is first coated,
exposed ldevatoped, antireteldén: tolformla fisst opening dracohawinoas deseribedviatFlGn 2bakiaving a

width whigh isJgss 10an {hat of coptact pad 32, Jhe first opening Ls; Ipgated Ahout ¢eptrgl tg.contact pad

32. Aninner core pillar 52 is deposited in the first opening between photorésist layers 50 by an electroless
plating ortéleetralytic plating préeedst Theihsightiafdsiarcolte Pillar 52rid apduPtvotthirdsithe thickness of

photoresist layer 504 Bhatoresistlayer 30 is again gxpesed. devetoned, and etehed, withoyt completely

stripping the layer away, to form a second opening or column over the first opening. The second opening
has a widthe@hieh is gfedtéfthanfthewisith ofctttactdaerdn, s shvitn MEFIG: 3 ThéeMtistance from the

edge of the segand opgningin photaresist layen 30 e corespillar 84 ig legs tham thethigkness of
photoresist layer 50. Barrier layer 54 is formed over seed layer 44 and core pillar 52 for metal (Cu)
diffusion FoRatin. WettiHg tayet 8s t6MTed 8erFarfieFIa§er 84er Parraspldetygyeris formed by

depositingalectiigglibrconduetive pratedaldhrough a s¢reen printingdrocesssomarwetting jayer 56. The
solder material can be any metal, e.g., Sn, Pb, Ni, Au, Ag, Cu, Bi, and alloys thereof, or mixtures of other

conductivé’matétidls. 1fitbhe éhbbdimentShie stldsimateriaPis'e3 ferfceft Weihtof Shfand 37 percent
weight of Rl ARertplating, 4he seldes layer is\reflowedtofora ball or Hump.64 betweemphotoresist layers

50. 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
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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 selder bumapung-inaer care pillar 220y plating seldes matgrialand;thenrellewing the
solder material twice to form the solder bump reduces solder joint resistance and improves strength and

reliability T8FI UG sGPPORRRLEUTE. Prie et core piflar’s2 @Rfends intothe soRfet bump at least
two-thirdg aiheight=of the salden bumps It Radition:barrien layer 54 anskwetingdayey 56 foraedrover the
inner core pillar also enhance strength and reliability for the bump support structure. ~ Another
embodim%&t BF the'flip Thip FALRIGE IS 2howRSAREIG 4alAs Hes Sbéve! métat'Boritact pad 32 is
formed on syhstrate 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 cbritict p&d 32N RhUheSHdN [4F&F40 RYformed’SvaP Bdssivation layer 36 for
bonding barsier tayen 42aBarriar dayer 4ianbibjtswthe giffusienbeibCu trivsthe eetive arep ohthe die. Seed
layer 44 is formed over barrier layer 42. Seed layer 44 is an intermediate conductive layer formed
between nietaF cottadt pad 32 ahtt the SGARP DU SEed 18er 24 BB tfRARY ¢ ﬁe(ﬁg% ‘ontact pad
32. A phatpeesistdayeria first coatetl, expased; developed; and etehed-to foemactirst epeningror column
hawngathe 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 isclation. Barrier layer 54 is 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



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 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 togaidal insshapeq Theheight of inngycore pillag 49 is ahaut two-thirds the thieknessf the
photoresist Layer. The photoresist layer is again exposed, developed, and etched, without completely
stripping 1 1258 aRRy Oto folh &8 @ﬁé?ﬁn@gi“dﬁlﬁﬁﬁ?ov eF#EBPENING! The second opening
has a widtppwhiehds greatenthas theavidthvoficoptact paek32.dl heodistanege feory the edge of the second
opening in the photoresist layer to core pillar_ 70 is less than the thickness of the phatoresist layer. Barrier
layer 72 RISfNER bvEPSEET 1ayBIRE and % otE Plilat TOFbr mbtai{CUF tiftisish [<¥1atioA Witting layer 74
is formed-onerbatderdayer’hat er i a 1A sblsies layes iscformeddypdepasiting electiically conductive
material by electroless plating, electrolytic plating, or screen printing over. wetting layer 72. The solder
material ((%Dr%l bé %%?/%é’?%? ie.é)f S%uﬁg/ é(ij,pﬁl]’,e%g,Sﬁ&fﬁn%%é:ﬁg@sstﬁgﬁe%fao%rem%(%u'res of other
conductivenmaterialsl iineamne, erabadimerisuihe sodderanatesiatisB3 percent weight of Snaarkb37 percent
weight of Pb.. . __Any remaiping portion of the phatoresist layer is stripped away. An etching process
removes alrﬂylpI%)rtOllolr?l of styeeé:d Iayg?jlﬁigﬁ{,é 6ar$i%??a3r;ée%r) 45?85%55%3?%% Iac)?eﬁr)zlabcglfts%%rtﬁe region of the
solder bumip $tructdive. Salder Bump644id refiowlechby hikating the topductive .material above its melting
point to form a sphericglsb |l o b%rplgemodrjs%%sed (%vesresnemi(l;%r\}%%cégro%ubsé@ée ggﬁgpe&%mp 76
electrically contacts core pillar %8 seed layer 42, an metatﬂ contact pad 32. In summar}f/, the
process éffofmingetie sofderdupay aficundlay ineb torevpitiari by platingsofder matériahard then
reflowing (e solder mateqal apee.ormultiple. imes o far ihe solderbumpiequgs spidgpidipiJesistance

and improves strength and reliability for the bump support structure. The inner core pillar éxtends into the
solder bug deleasetvrs-trirdstee héightofthe soldelsurhpmp-additiorntife Pakret Iarsrtandowetting layer

formed oyer.the inper.core pillar also enhancesstiengih and relighility far,the bymp SUpPOKL Syucture.

While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appredigtedRatmbaifigaiors afd adaptativhs ' ihivse embBodiffeht® aye hfad@hwithcut departing

from the scope-gfithe presentinuentionas.setforthdn the following.elaims.c1der 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 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

-10-



Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer having a plurality of active or passive devices formed on the semiconductor wafer;
forming a first conductive layer over the semiconductor wafer electrically connected to the active or
passive devices; forming an insulation layer over the first conductive layer and semiconductor wafer;
removing a portion of the insulating layer to expose the first conductive 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.

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, 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 1is
formed over seed layer 44 and core pillar 52 for metal (Cu)
diffusion isoclation. 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
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forming a second conductive layer over the first conductive layer and insulation layer; forming a third
conductive layer over the second conductive Layer; forming a fourth conductive layer over the third
conductive Layer; forming a core pillar having a hollow interior region over the fourth conductive layer
and centered over first conductive Layer, the core pillar having a width less than a width of the exposed
first conductive layer; forming a fifth conductive layer over the fourth conductive layer and core pillar and

into the holjowdnterier geaian:feEping a sixth conductive Jayey pves ths,fith sapductive layersand core
P e e L TS O 300 i & e e OVEL s S Soncbictive faver.
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 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
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2. The method of claim 1, further including reflowing the bump material to form a spherical bump. 3. The
method of claim 2, wherein the core pillar extends into the spherical bump at least two-thirds of a height of
the spherical bump. 4. The method of claim 2, wherein the core pillar has a width 40-60% of a width of a
diameter of the spherical bump. 5. The method of claim 1, wherein forming the core pillar includes:
forming a photoresist layer; forming an opening in the photoresist layer; and depositing conductive

material igitheopeping-of the photaresist ldyehat of contact pad 32. The first
opening in the photoresist layer has the form of a cylinder with
its 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 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
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6. The method of claim 1, wherein the core pillar includes copper, nickel, or other conductive material. 7.
A method of making a semiconductor device, comprising: providing a semiconductor substrate;

forming a first conductive layer over the semiconductor substrate; forming an insulation layer over the
first conductive layer and semiconductor substrate; removing a portion of the insulating layer to
expose the first conductive layer; forming an under bump metallization (UBM) layer over the first

conductivgylayek 1 nformieg asere illar overthe UBM layetand centesed over filst sendugtive layer, the
R R S G .

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 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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forming a second conductive layer over the UBM layer and core pillar; forming a third conductive layer
over the second conductive Layer; and forming a bump over the third conductive layer. 8. The method of

claim 7, wherein forming the UBM layer includes: forming a fourth conductive layer over the first
conductive Layer; forming a fifth conductive layer over the fourth conductive Layer; and
Claims

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a semiconductor wafer having a plurality of
active or passive devices formed on the semiconductor wafer;

forming a first conductive layer over the semiconductor
wafer electrically connected to the active or passive devices;

forming an insulation layer over the first conductive layer
and semiconductor wafer;

removing a portion of the insulating layer to expose the
first conductive layer;

forming a second conductive layer over the first conductive
layer and insulation layer;

forming a third conductive layer over the second conductive
layer;

forming a fourth conductive layer over the third conductive
layer;

forming a core pillar having a hollow interior region over
the fourth conductive layer and centered over first conductive
layer, the core pillar having a width less than a width of the
exposed first conductive layer;

forming a fifth conductive layer over the fourth conductive
layer and core pillar and into the hollow interior region;

forming a sixth conductive layer over the fifth conductive
layer and core pillar and into the hollow interior region; and

forming a bump material over the sixth conductive layer.

2. The method of claim 1, further including reflowing the bump

material to form a spherical bump.
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forming a sixth conductive layer over the fifth conductive Layer. 9. The method of claim 7, wherein the
core pillar extends into the bump at least two-thirds of a height of the bump. 10. The method of claim 7,
wherein the core pillar has a width 40-60% of a width of a diameter of the bump. 11. The method of claim
7, further including forming the core pillar with a hollow interior region. 12. The method of claim 11,
further including: forming the second conductive layer into the hollow interior region of the core pillar;
and forming the third conductive layer over the second conductive layer and into the hollow interior

region of the core pillar. , , , ,
3. The method of claim 2, wherein the core pillar extends into

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

spherical bump.

4. The method of claim 2, wherein the core pillar has a width

40-60% of a width of a diameter of the spherical bump.

5. The method of claim 1, wherein forming the core pillar
includes:
forming a photoresist layer;
forming an opening in the photoresist layer; and
depositing conductive material in the opening of the

photoresist layer.

6. The method of claim 1, wherein the core pillar includes

copper, nickel, or other conductive material.

7. A method of making a semiconductor device, comprising:

providing a semiconductor substrate;

forming a first conductive layer over the semiconductor
substrate;

forming an insulation layer over the first conductive layer
and semiconductor substrate;

removing a portion of the insulating layer to expose the
first conductive layer;

forming an under bump metallization (UBM) layer over the
first conductive layer;

forming a core pillar over the UBM layer and centered over
first conductive layer, the core pillar having a width less than

a width of the exposed first conductive layer;
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13. The method of claim 7, wherein the core pillar has a rectangular, cylindrical, or toroidal shape. 14. A
method of making a semiconductor device, comprising: providing a semiconductor substrate; forming
a first conductive layer over the semiconductor substrate; forming an under bump metallization (UBM)
layer over the first conductive layer; forming a core pillar over the UBM layer and centered over the
first conductive layer, the core pillar having a width less than a width of the first conductive layer;

conformally apphine a:s¢cand cepductivenlayeraver the W BMdayer andcergwpillar;,and feraing a bump
over the second conductive layer.
core pillar;
forming a third conductive layer over the second conductive
layer; and

forming a bump over the third conductive layer.

8. The method of claim 7, wherein forming the UBM layer
includes:

forming a fourth conductive layer over the first conductive
layer;

forming a fifth conductive layer over the fourth conductive
layer; and

forming a sixth conductive layer over the fifth conductive

layer.

9. The method of claim 7, wherein the core pillar extends into

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

10. The method of claim 7, wherein the core pillar has a width

40-60% of a width of a diameter of the bump.

11. The method of claim 7, further including forming the core

pillar with a hollow interior region.

12. The method of claim 11, further including:

forming the second conductive layer into the hollow
interior region of the core pillar; and

forming the third conductive layer over the second
conductive layer and into the hollow interior region of the core

pillar.
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15. The method of claim 14, wherein forming the UBM layer includes: forming a third conductive layer
over the first conductive Layer; forming a fourth conductive layer over the third conductive Layer; and
forming a fifth conductive layer over the fourth conductive Layer. 16. The method of claim 14, wherein the
core pillar extends into the bump at least two-thirds of a height of the bump. 17. The method of claim 14,
wherein the core pillar has a width 40-60% of a width of a diameter of the bump. 18. The method of claim

14, furtherincluding faeringdhe €ora pillar with.a.bellow, inteiordegionsi 11ar has a

rectangular, cylindrical, or toroidal shape.

14. A method of making a semiconductor device, comprising:

providing a semiconductor substrate;

forming a first conductive layer over the semiconductor
substrate;

forming an under bump metallization (UBM) layer over the
first conductive layer;

forming a core pillar over the UBM layer and centered over
the first conductive layer, the core pillar having a width less
than a width of the first conductive layer;

conformally applying a second conductive layer over the UBM
layer and core pillar; and

forming a bump over the second conductive layer.

15. The method of claim 14, wherein forming the UBM layer
includes:

forming a third conductive layer over the first conductive
layer;

forming a fourth conductive layer over the third conductive
layer; and

forming a fifth conductive layer over the fourth conductive

layer.

16. The method of claim 14, wherein the core pillar extends

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

17. The method of claim 14, wherein the core pillar has a width
40-60% of a width of a diameter of the bump.
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19. The method of claim 18, further including conformally applying the second conductive layer over the
core pillar and into the hollow interior region. 20. The method of claim 14, wherein the core pillar has a
rectangular, cylindrical, or toroidal shape. 21. A method of making a semiconductor device, comprising:
providing a semiconductor substrate; forming a first conductive layer over the semiconductor
substrate; forming an under bump metallization (UBM) layer over the first conductive layer;

forming a gore pilkar Quer they UBM layer and firsteondustive layerdhe sore pillan having a-wicth less than

a width of the first conductive layer; and forming a bump over the core pillar.
pillar with a hollow interior region.

19. The method of claim 18, further including conformally
applying the second conductive layer over the core pillar and

into the hollow interior region.

20. The method of claim 14, wherein the core pillar has a

rectangular, cylindrical, or toroidal shape.

21. A method of making a semiconductor device, comprising:

providing a semiconductor substrate;

forming a first conductive layer over the semiconductor
substrate;

forming an under bump metallization (UBM) layer over the
first conductive layer;

forming a core pillar over the UBM layer and first
conductive layer, the core pillar having a width less than a
width of the first conductive layer; and

forming a bump over the core pillar.

22. The method of claim 21, further including forming a second

conductive layer over the UBM layer and core pillar.

23. The method of claim 21, wherein the core pillar extends

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

24. The method of claim 21, wherein the core pillar has a width
40-60% of a width of a diameter of the bump.
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22. The method of claim 21, further including forming a second conductive layer over the UBM layer and
core pillar. 23. The method of claim 21, wherein the core pillar extends into the bump at least two-thirds
of a height of the bump. 24. The method of claim 21, wherein the core pillar has a width 40-60% of a
width of a diameter of the bump. 25. The method of claim 21, further including: forming the core pillar
with a hollow interior region; and forming the second conductive layer into the hollow interior region of the

core pillaps. The method of claim 21, further including:
forming the core pillar with a hollow interior region; and
forming the second conductive layer into the hollow

interior region of the core pillar.
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