SEMICONDUCTOR DEVICE AND METHOD OF FORMING ENHANCED UBM STRUCTURE FOR
IMPROVING SOLDER JOINT RELIABILITY Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor device and method of
forming an enhanced under bump metallization structure for improving solder joint reliability. Background
of the Invention Semiconductor devices are commonly found in modern electronic products.
Semlconductor dseﬁ/ﬂfffo\f\ﬂ%&glf n 98&? Seﬁﬁ'{%ﬁSBdSﬁ”@BMEO E}gﬁemlcqnductor
devices generally corg %Ee fl% ‘g:gﬁg) Ptﬁerpfft transistor
resistor, capacitor, inductor, and power metal oxide semicon uctor d ect tranS|stor (MOSFET).
Integrated semiconductor devices typically contain hundreds to millions of electrical components.

Examples of integrated semiconductor gdeyicgs dnclude n}gl@gggt_{gulers microprocessors,
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device and method of forming an enhanced under
bump metallization structure for improving solder joint

reliability.

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field
effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical
components. Examples of integrated semiconductor devices
include microcontrollers, microprocessors, charged-coupled
devices (CCDs), solar cells, and digital micro-mirror devices
(DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating

visual projections for television displays. Semiconductor



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power generation, networks, computers, and consumer products.
Semiconductor devices are also found in electronic products including military, aviation, automotive,
industrial ccg)ntrollers, and ogf(ij%en%quliﬁn%\é . Se iconguct,ggger\éice exploit the electrical

S. '

. V1iCes ' are . ields Of entger nmen . . .
propertles 0? semlcondructor materia e aftomlc structure ofesemlconguc ()I’ material allows its electrical

conductivitydorbenmaaipidated bydive appiicationtofcan eleetricfigie or timopgh ¢hes pracess of doping.

Doping introdicesITPulilesintq the semiconductor mateig) fenanipulals and png (g conductivity of
the semiconductor device. " A semiconductor device contains active and passive electrical
structures cAetiverstructuespitieftiding  transistors, controt theyflow of efettrival euirent By earying levels

of doping g&%agg@cﬁ@n @éﬁ@r‘%?ﬁt&i? ;i,(.eldarlil&e gﬁﬁiggoreegg%ggq{gqtes or restricts the flow of electrical

current. Passive structures, including resistors, diodes, and inductors, create a relationship between
voltage and current nec€s3ary 6 pedoan adRifiety 6f elcetrical funetions.STHe passive and active

structures §‘£% lectrically connegied 30 dorm sircyits, which gnabledhe segjigonductar deyjce ggperform
c

high-speed calculations and other useful functions. Semiconductor devices are generally
manufactuted uSirgivetcomplex prarmuifactliting processes Sicd I froatles® RtaHtfactifing, tehdFack-end

manufacturing; gaah, inveiving patentially hundreds of steps. EE@B%“"@EJQ@&UHPQ:EW%W?E the
formation of a plurality of die on the surface of a semiconductor wafer. Each die is typically identical and
the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including
transistors, control the flow of electrical current. By
varying levels of doping and application of an electric field,
the transistor either promotes or restricts the flow of
electrical current. Passive structures, including resistors,
diodes, and inductors, create a relationship between voltage
and current necessary to perform a variety of electrical
functions. The passive and active structures are electrically
connected to form circuits, which enable the semiconductor
device to perform high-speed calculations and other useful
functions.

Semiconductor devices are generally manufactured
using two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing
involves the formation of a plurality of die on the surface of

a semiconductor wafer. Each die is typically identical and



contains circuits formed by electrically connecting active and passive components. Back-end
manufacturing Involves singulating individual die from the finished wafer and packaging the die to provide
structural support and environmental isolation. One goal of semiconductor manufacturing is to
produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller fOOCtBQQta thsiChcif’ dcedsirggleffgg rggga\lligr egq é’é%%ucé%'ﬁ smcallgr gicetsi%e maaéltb% gcgieged by
Improvements in the front-end process resul |ﬁ/g in die with smaYIer,%iéher dlen%ity active and passive
componernts: Backeenb prorvesses maybesutt énsemicondacton devige ipackages with a smaller footprint
by Improvesrygn%sligtei%ctri(i I 'r{t\ggépnanfc%gre] apgcprgcgggin%rp&teﬁigg.waf + One common technique
of interconnecﬁng a semiiconductor die with a printed circuit board or other device Involves the use of
solder bunpes: G 1shons acenventionalsoldesbumptstrieiure uAonduetive layer 3 is formed over
substrate 2. Gondyctive layer 3 is.a metal pad. An insulating or dielectric layer 4 is formed over substrate
2 and conductive layer 3. A portion of insulating layer 4 is removed by an etching process to expose
conductive layer 3. An ifSifatifgpdr pdssivritiordayers: isrforned over eonductive |&yerd afd fitsulating
layer 4. A portion of insulating,layer. 5Js rermoved by an,etehing piacassdo expgse gonductive layer 3. A
conductive layer 6 is formed over conductive layer 3 and insulating layer 5. Conductive layer 6 is a
redistributi®fl&yéio Y6 Gte dlettrital Sigivals Frowt esndsctivelayércS o aatetdBréd solder bump. An

insulating P&B@%ﬁé@i%%e‘r@% isiformed nyer copductivedayer,6 apd insulatinglayeha.A portion of
insulating layer 7 is removed by an etching process to expose conductive layer 6. A conductive layer 8 is

formed ovEForttitiVe Y& et 6587 iRtilating 1ayer. Conthichive Fayd? 818 drliinde? bump metallization

(UBM) layerior the-selder pump.UBM 8 ia syhstantiallyyfiat. FiG lbshpws-a srassesactiopal view across
UBM 8. Solder bump 9 is formed on UBM 8.

improvements in the front-end process resulting in die with
smaller, higher density active and passive components. Back-
end processes may result in semiconductor device packages with
a smaller footprint by improvements in electrical
interconnection and packaging materials.

One common technique of interconnecting a

semiconductor die with a printed circuit board or other device

involves the use of solder bumps. FIG. 1 shows a conventional
solder bump structure. A conductive layer 3 is formed over
substrate 2. Conductive layer 3 is a metal pad. An insulating

or dielectric layer 4 is formed over substrate 2 and conductive
layer 3. A portion of insulating layer 4 is removed by an
etching process to expose conductive layer 3. An insulating or
passivation layer 5 is formed over conductive layer 3 and
insulating layer 4. A portion of insulating layer 5 is removed
by an etching process to expose conductive layer 3. A
conductive layer 6 is formed over conductive layer 3 and
insulating layer 5. Conductive layer 6 is a redistribution

layer to route electrical signals from conductive layer 3 to a



The joint interface area between UBM 8 and solder bump 9 is important to the solder joint reliability. A
large UBM pad size generally results in more metal contact area and better solder joint reliability.
However, if the UBM pad is too large in comparison to the solder bump height, the solder joint can
develop voids which can cause product defects. In addition, a large UBM pad consumes area which is

counter to the general goal of smaller feature size. Summary of the Invention A need exists to

minimize ttﬂe UBMgootIQri twh'I% mai%taining sglder}jjointlrejtiability. Accordingly,.in one embodirpent, the
. ater—-rorine SOH.r er, . unép. n (]j S U % l.Dg or assf’%tjton li‘;l [SA

present invention is a method of making a semiconductor devic comﬁDrlsmgt e steps o 5rowd|ng a

substrate, fernfingaditstinsulating dayetr over theysubdiratefoimmglart underllburap ndetallization layer
(UBM) over the first insulating layer, and.forming-a build-up structure over the UBM, The build-up
or% n'ﬁ%‘lnékfg%an l%¥ fiﬁg rg%%§$ﬁ;§¥ ag %kCH#P o%%ss

structure i$ confined within a ootprint of th UBM. The me er includes t estgﬁo orming a
solder bunye ovecthecUBNrahvd:bdilts up svrecture. A condmahother emisodiient the presént invention

is a methogof making 3 senyiconductor devige compiising; e sfeps.of providing, g.supstrate, forming a

first insulating layer over the substrate, forming a first conductive layer over the first insulating layer,
forming a UBKEbuitd-up structure ovepbthiecfirse tedductive layer (HRY forhdiiga soddertimp over the first

conductiveslaygr ang, UBM byild-up SIUCIUEe, « ant 5 217 gNOther embogliment, the, pasent invention is a

method of making a semiconductor device comprising the steps of providing a substrate, forming a first
insulating Rayer svércthesubatratel $orniifg aSfirsUEShductive Pay&t over e first istifitgdayet, forming a
UBM buildmggstgucture over the first conductive layer, and forming an interconnect structure over the first

conductive layer and UBM build-up structure.
The joint interface area between UBM 8 and solder

bump 9 is important to the solder joint reliability. A large
UBM pad size generally results in more metal contact area and
better solder joint reliability. However, if the UBM pad is
too large in comparison to the solder bump height, the solder
joint can develop voids which can cause product defects. In
addition, a large UBM pad consumes area which is counter to the

general goal of smaller feature size.
Summary of the Invention

A need exists to minimize the UBM footprint while
maintaining solder joint reliability. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
substrate, forming a first insulating layer over the substrate,
forming an under bump metallization layer (UBM) over the first
insulating layer, and forming a build-up structure over the
UBM. The build-up structure is confined within a footprint of
the UBM. The method further includes the step of forming a

solder bump over the UBM and build-up structure.



In another embodiment, the present invention is a semiconductor device comprising a substrate and first
insulating layer formed over the substrate. A first conductive layer is formed over the first insulating layer.
A UBM buildup structure is formed over the first conductive layer. An interconnect structure is formed over
the first conductive layer and UBM build-up structure. Brief Description of the Drawings FIG. 1 illustrates a

conventional solder bump structure; FIG. 2 illustrates a printed circuit board (PCB) with different
types of packages mour?ed to it% surface; FIGs. 3a-3¢ iIIustr%te further detail of the representative
n_anag the present invention 1Is a

. r _em iment,
semiconductor packages mounte(}:}?o the B%%l
method of making a semiconductor device comprising the steps of

providing a substrate, forming a first insulating layer over
the substrate, forming a first conductive layer over the first
insulating layer, forming a UBM build-up structure over the
first conductive layer, and forming a solder bump over the
first conductive layer and UBM build-up structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first insulating layer over
the substrate, forming a first conductive layer over the first
insulating layer, forming a UBM build-up structure over the
first conductive layer, and forming an interconnect structure
over the first conductive layer and UBM build-up structure.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and first
insulating layer formed over the substrate. A first conductive
layer is formed over the first insulating layer. A UBM build-
up structure is formed over the first conductive layer. An
interconnect structure is formed over the first conductive

layer and UBM build-up structure.
Brief Description of the Drawings

FIG. 1 illustrates a conventional solder bump
structure;

FIG. 2 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

FIGs. 3a-3c illustrate further detail of the

representative semiconductor packages mounted to the PCB;



FIGs. 4a-4b illustrate a UBM build-up structure with sloped sidewalls; and FIGs. 5a-5b illustrate
an alternate embodiment of the UBM build-up structure with sloped sidewalls. 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 thoseﬁgled in the art. that it is intende ver alternatives, modificatians, and
equivalents as may be inc uded gv‘?th(iznbthleqjsj?‘pl‘llr:?ttéfnadt gcoapgjﬁfr%%\%%tiu ass%éjffn%%lrgy %len%ippended
claims andsthesirestjuivialemts lalsssuppodted by the following disclosure and drawings.

Semiconductor devices g, generally manufaciuied using tyg complex manuiaciing placesses:
front-end manufacturing and bac -eng manulfacturlng. Front-end manu acturing involves the formation of
a plurality oBdieloni thé-surfacernfe sermicondictol weder. Eadhwhid oa the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors, have the ability to control the flow of electrical current.
Passive electrical componentBe$igxhlesicRessoiPtaenctoh, ¥ssPrawirfansformers, create a
relationship between voltage and current necessary to perform electrical circuit functions.

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.

Semiconductor devices are generally manufactured
using two complex manufacturing processes: front-end
manufacturing and back-end manufacturing. Front-end
manufacturing involves the formation of a plurality of die on
the surface of a semiconductor wafer. Each die on the wafer
contains active and passive electrical components, which are
electrically connected to form functional electrical circuits.
Active electrical components, such as transistors, have the
ability to control the flow of electrical current. Passive
electrical components, such as capacitors, inductors,
resistors, and transformers, create a relationship between
voltage and current necessary to perform electrical circuit

functions.



Passive and active components are formed over the surface of the semiconductor wafer by a series of
process steps including doping, deposition, photolithography, etching, and planarization. Doping
introduces impurities into the semiconductor material by techniques such as ion implantation or thermal
diffusion. The doping process modifies the electrical conductivity of semiconductor material in active
devices, transforming the semiconductor material into a permanent insulator, permanent conductor, or
changing the semicondLbcatl%r m{;lteeri,jarl1 5ong:géclti\\7/ietyéré response to aaPeel%%t]rfir% éi Id(j Ter%nsci%tgrs contain
regions of varying types andséegrees of %oplng arran(fednas necessary to ena 16 {ié tranSistor to promote
or restrict therfilovwe of electrival cemertaupbnctherappliCatiorbef an etectrcsfieldl. procesActiveeaisd passive

components arlef rmed Iax rs of materials vrgith err nt; I% trical propertie hTh layers can be
formed by %nvcar}'le% of dé%lgslltio%n’ te%%%?qﬁagldjetér ine ?ljn ﬁeért%@rtﬁg%%e of r%a%gr%dl baeﬁ%ag deposited.
For exampie athincfilrpdépusitiorPrayriavalve chemicat vapordéposition (CWD), lphysical vapor deposition

(PVD), e'eggﬁ'i/@%H@}@Qo@”%ﬂ%%ﬁoé%s%@aﬂ%%ﬂﬁg%éégs-s!%%‘lﬂ‘ layer, 15 generally paferpgd to form

portions of active components, passive components, of electrical connections between components.
The layersceart-be pagérrédiising phoetolithoyrasig wehieh vl sthe depositibhof light sensitive

material, &.9.. PROWLESISt, guar.the:layerfobe patterned«h patiernistransierred from a.photomask to the

photoresist using light. The portion of the photoresist pattern subjected to light is removed using a solvent,
exposing pHtlics 8f thetiditetyiyAgetthe pateired U The feMalriiet df the pRotdresist is removed,

leaving bepind.a Ratterneddayer: Alternatively, sametypes ot materials arg patternedly directly
depositing the material into the areas or voids formed b%/ a previous deposition/etch process using

techniqueSIcH 48 SRCHDTe BRI dRrENRE PRithG Y 11 PRPBSHIAG axhirtfint 6Fmiakéral over an

existing pattesn gan exaggerate Hiesunderhing patigroand ereate aynonsurifarady Hatsurface. A uniformly
flat surface is required to produce smaller and more densely packed active and passive components.

PlanarizatidfhCan e Gfed B reétode it fiotn BRESGITaCe ofthe WARRTI &nd BFoduce a uniformly flat

surface. Planafzatianbinvelyespatishingdhe sugaee ot thenwafer withoa pelishing padi1An abrasive
material and corrosive chemical are added to the surface of the wafer duyring, polishing. The combined

mechanical ActiGh of 1R Abralivedid ¢6iPdsiVe altiort Bf fhecHemicalremdVes any irregular topography,

resulting in a uniformly flat sutfacend passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example,
thin film deposition may involve chemical vapor deposition
(CVD), physical vapor deposition (PVD), electrolytic plating,
and electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material,
e.g., photoresist, over the layer to be patterned. A pattern
is transferred from a photomask to the photoresist using light.
The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying

layer to be patterned. The remainder of the photoresist is



Back-end manufacturing refers to cutting or singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental isolation. To singulate the die, the wafer is
scored and broken along non-functional regions of the wafer called saw streets or scribes. The wafer is
singulated using a laser cutting device or saw blade. After singulation, the individual die are mounted to a
package substrate that includes pins or contact pads for interconnection with other system components.
Contact pads forrggd oyer the sergi&gnggctor di%%rertggg annected tglcggtact ‘11)995 within the package.

The electrical connections can be made with Sof erebumps, stud ]E)Umps, conduc |veeplafvs’te,séjrmv$irebonds.

An encapsuiart or ofhera mofding snateriabis tdeposited byedthequackage ¢o psovide physieal support and
electrical i%%l%té'(%nl. (,j'é’lheﬂi’gr&igh%ql gagl%%qfle%s OIQEQ/_ g)nlsgﬁteg OiglI;Qe%p E(Ifcgi%a% g)ésltglrpsand the functionality of
[ abl

the semiconductor device is made available to the other system components. FIG. 2 illustrates
electronic device 10ilvavig alchipr carties substrate ot printathciec uitivbard {PEB) d2rwitls asplurality of

semicondugtar packages i’g}%lir'ggg ngtisn%u.rface. Electronic device 10 may have one type of

semiconductor package, of multiple types of semiconductor packages, depending on the application. The
different types of semicdirivefortpatkages hic sHAW i FIGAZ forigukposeEs ofillustiatipni ng

Electronic device 10 may he.a standsalone systeny that 1sas the, semicondygtor packages ip,perform an

electrical function. Alternatively, electronic device 10 may bé a subcomponent of a larger system. For
example, éleétForit Hévicealo may s graphidsiéarel Retivork dteffaEé ard, ot oflfersigital processing

card that cap heringared intg Breomputer nHhe semicondyucior package can include pucropracessors,
memories, application specific integrated circuits (ASICs), logic circuits, analog circuits, RF circuits,

discrete dEREEY B btfer settiddAductaidieTorEéctitaltefpdients™ove MahE &2, PEE™2 provides
a general suhstrate forstrusturahsupportand elechicalinterconngetrofithe semieendictarpackages
mounted on_the PCB. Conductive signal traces 14 are formed over a surface or within layers of PCB 12

using evaporafiah, ‘dédirsiftic: Pating SeleBrdIe 88 pRfing R EcreBh it mEing TP YRS oF fifer stithBle metal
depositiongprpeasss 1Signal teagces rprovidedor electicat cammunicalion-osive chemical

are added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in
a uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and
broken along non-functional regions of the wafer called saw
streets or scribes. The wafer is singulated using a laser
cutting device or saw blade. After singulation, the individual
die are mounted to a package substrate that includes pins or
contact pads for interconnection with other system components.
Contact pads formed over the semiconductor die are then
connected to contact pads within the package. The electrical
connections can be made with solder bumps, stud bumps,

conductive paste, or wirebonds. An encapsulant or other



between each of the semiconductor packages, mounted components, and other external system
components. Traces 14 also provide power and ground connections to each of the semiconductor
packages. In some embodiments, a semiconductor device has two packaging levels. First level
packaging is a technique for mechanically and electrically attaching the semiconductor die to a carrier.
Second level packaging involves mechanically and electrically attaching the carrier to the PCB. In other
embodiment%&sem;gg gugtgﬁdgvic(ﬁ m%ysoglgeraé/e thegi}rlsét Ie\éecl'i]pgcka%igg V\gg)evr?éhe die is
mechanicgl]l?/ andnéjjlectricaﬁy mounte 8ﬁectﬁy o the PCB. PAPSrthe purBose 0 |ﬁustration, several
types of finshlevélpackagimg, iricladidg svirschond packagel 86 and flip ¢hip 18] mieshawn on PCB 12.
Additionall veral types of secand level packaging, i ing ball grid array (BGA) 20, bump chip
carrier (Bcgé)%%fgia¥?n-ﬁr1% ISr}ac nasgeer&%%) ﬁktlgén gri ;é%rg)? %L%A% ggasr%%%%lghr}% n%c%?ule (MOM) 28,
quad flat nonleadedrpackage ¢OFN) 805 and quadUiat package 32, are sholen Atouhieddr PCB 12.
DependingLHgo%yhee;}ysg%@tr&gugg%ghse@pg combination of semiconductor packages, configured with
any combination of first and second level packaging styles, as well as other electronic components, can
be connected to PCB 121 somelembadinidrits, €léewrsmietieviceelO preludeshasingle attached
semicondyctor, packagey,while pther.embadiments.call for iyltiple integeqnnected pagkages. By

combining one or more semiconductor packages over a single substrate, manufacturers can incorporate

pre-made ESpBRénts iffo SIBBHEHIE Hevices arricdatatis "Becd iR the sehficeidici6repackages

include sophistieated funcliopality, eteciiopicdemices,can bgmaputachured using eheaper components
and a streamlined manufacturing process. The resulting devices are less likely to fail and less expensive
to manufa&tfife FEETtirtfin1BWEF Edsts FaPEohstimets 1 CONAULR 3 PRGEFARS fuivét-detail 8f DIP 24

mounted aprPEBRL 2 dY P24 inchudes semicanducierdie 34/hawving coptagt padsi36+ Semiconductor die
34 includes an active region containing analog or digital circuits implemented as active devices, passive

devices, cBARTANETayErs, Sh¢URIecti€ Hyers forite dWAA Leficdnducter dic 3414ttt are electrically

interconnected accordingite the electricad designiaf the diexd-as example,dhe ircdiy srasnineluge one or
more transistors, diodes, inductors, capacitors, resistors, and gther circuit elements formed within the
active regiBfi of die*84.5EBntaRl pads 36 aré et witlh @ donatiehile AtatértalCSdctas aluminum (A1),
copper (Cu)utint{Sa), nickel (N ngald(Auy; orsilver(Ag)iandate electricatly gopeected to the circuit
elements forrﬁed within diéa 34f Corltact%pads 36 are formEed by PVD, CVD, glect{olgtic lating, or
electrolesssbl aﬁﬁgm %?61§enss. uri%g ass r%]f)lysgfs I5ﬁ5nZ4, sémiconductor ie™34 is mounted to a carrier 38
using a goliksilicen e0tectie layer or adhpsive anateridl suchcas thermat epaxy: T hespackage body
includes an insulative n%clkaging rggterial such as ﬁg%émera or %(%ragé%eqr%réd&lctor leads 40 are connected

to carrier 38-and wire borids 42 are formed between Teads 4b and contac padsl %%f%ie 34 as afirst level

packagingcEnpapsitant 443 deposited dver the packegedorenviformiestal protection by preventing

oot SIS O e L oo conelia e sy o e
circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 2, PCB 12 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 14 are formed over a surface or within layers of PCB 12
using evaporation, electrolytic plating, electroless plating,

screen printing, PVD, or other suitable metal deposition

process. Signal traces 14 provide for electrical communication



Solder material 46 is flowed around leads 40 and into the holes to physically and electrically connect DIP
24 to PCB 12. Solder material 46 can be any metal or electrically conductive material, e.g., Sn, lead (Pb),
Au, Ag, Cu, zinc (Zn), bismuthinite (Bi), and alloys thereof, with an optional flux material. For example, the
solder material can be eutectic Sn/Pb, high-lead, or lead-free. FIG. 3b illustrates further detail of
BCC 22 mounted on PCB 12. Semiconductor die 47 is connected to a carrier by wire bond style first level
packagingbBCC 22 is mogmgefd tcohPCB 12 with ng:rsrt‘lglae %econd Ie\{neol @gglé%giggm%micqtnguctor die

. etween ea emliconduc . cKages,. ens .
47 haVIng contac?pags ﬁ IS moun?edgover a carrier using an uﬁ&erﬁll or epoxy-resm%d%eswe’materlal

50. Semicanductohdie 4¥=ineludes aswyadtive regiopccommaining dhalog or digital siccuitsampfemented as
active devicg%éga%sﬁ\é? er\(/)ilci%sd co Hgt&'\{elc?ggrsc (%ng dciglegtrric Iggerg ef%rin:% &vliltlléljcno%emiconductor die
[ i the die.

47 and are electrica y interconnected according to the electrical design o or example, the circuit

may includererr@ oemore transistors, diodes, inductors, capacitors, resistors, and other circuit elements

formed within the active yggign of dé?nééd@ﬂ@'i%& pags 48 are (grgl%qlec\elglg aeQnductive gqatt%al, such as

Al, Cu, Sn, Ni, Au, or Ag, and are electrically connected to the circuit elements formed within die 47.
Contact pats48: die forieddhsPVDE CVY, dlestrdlyticplatifigner éléctroless platiigpréedss. Wire bonds

54andbomg8ﬁgﬁ§§é¥¥&5%nd electrically attaching the semiconductor die

to a carrier. Second level packaging involves mechanically and
electrically attaching the carrier to the PCB. 1In other
embodiments, a semiconductor device may only have the first
level packaging where the die is mechanically and electrically
mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20,
bump chip carrier (BCC) 22, dual in-line package (DIP) 24, land
grid array (LGA) 26, multi-chip module (MCM) 28, quad flat non-
leaded package (QFN) 30, and quad flat package 32, are shown
mounted on PCB 12. Depending upon the system requirements, any
combination of semiconductor packages, configured with any
combination of first and second level packaging styles, as well
as other electronic components, can be connected to PCB 12. In
some embodiments, electronic device 10 includes a single
attached semiconductor package, while other embodiments call
for multiple interconnected packages. By combining one or more
semiconductor packages over a single substrate, manufacturers
can incorporate pre-made components into electronic devices and
systems. Because the semiconductor packages include

sophisticated functionality, electronic devices can be
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electrically connect contact pads 48 of semiconductor die 47 to contact pads 52 of BCC 22 forming the
first level packaging. Molding compound or encapsulant 60 is deposited over semiconductor die 47, wire
bonds 54, contact pads 48, and contact pads 52 to provide physical support and electrical isolation for
the device. Contact pads 64 are formed over a surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable metal deposition process and are typically

plated to prevent oxlcdatiog. Contact gﬁ\gs 64 el%%tricalgl connect to one or more cogguctive signal traces

14. Solder materiaf is eeposﬂgé Peétweern tontact ;Sngt(fs 52 of BCE 2 a%%rceo%l?aétnpads 64 of PCB 12. The

solder matesinhisaeflowed ¢o forntbumps 66hwhich $orit armpedeanical sandreledtrisal dariettion between

BCC 22 and P .12. In FIG. 3¢, se ico er[J] tor die 18 is mo tel%fag dowrhto carrier 76 with a
flip chip styg fljgs%eve npotlslc géi%g.eﬁ%eA 56 Yrsgl aﬁé?cheg 0 PC ufzewﬁ%l%uB A §yl%ensec%%8ﬁevel
packagingcAetive fegiorr 70 €ontaining analog or digital circuits implemented as active devices, passive

devices, conductive layerscand dielgctric layers tormed within gepugondiicteyrdie 18 i slectrcally
interconnected according to the electrical design of the die. For example, the circuit may include one or
more transistoRs; Bliddes, inthuictets, éapacitors resistors rahd-tper eircuitélenrants forfirath-within active

region 70 of semiggnducior, die;18; Samiconductey dig, 18 electrigally. and mechanigally attached to
carrier 76 through a large number of individual conductive solder bumps or balls 78. Solder bumps 78 are
formed ovEPBUMpPEES GHiAtePchritiect sites-80, WhiER até dispbReatrracedegdnt20/Bump pads 80

are made with a.candustive materiah, such as AbGucsnNi, A, or Ag, and age electrically connected to

the circuit elements formed in active region 70. Bump pads 80 are formed by PVD, CVD, electrolytic
plating or%ﬁ%ﬁﬁﬂbé@ﬂﬂéﬁﬁb‘”ithin semiconductor die 34 and are electrically

interconnected according to the electrical design of the die.
For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 34. Contact
pads 36 are made with a conductive material, such as aluminum
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements
formed within die 34. Contact pads 36 are formed by PVD, CVD,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a
carrier 38 using a gold-silicon eutectic layer or adhesive
material such as thermal epoxy. The package body includes an
insulative packaging material such as polymer or ceramic.
Conductor leads 40 are connected to carrier 38 and wire bonds
42 are formed between leads 40 and contact pads 36 of die 34 as
a first level packaging. Encapsulant 44 is deposited over the
package for environmental protection by preventing moisture and
particles from entering the package and contaminating die 34,
contact pads 36, or wire bonds 42. DIP 24 is connected to PCB

12 by inserting leads 40 into holes formed through PCB 12.
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process. Solder bumps 78 are electrically and mechanically connected to contact pads or Interconnect
sites 82 on carrier 76 by a solder reflow process. BGA 20 is electrically and mechanically attached
to PCB 12 by a large number of individual conductive solder bumps or balls 86. The solder bumps are
formed over bump pads or Interconnect sites 84. The bump pads 84 are electrically connected to
Interconnect sites 82 through conductive lines 90 routed through carrier 76. Contact pads 88 are formed
over a surface of PCB 12 using eyaporation, electrolytic plating, electroless plating, screen printing, PVD,
or other su%%%fger%e?ﬁtd%ﬁ)gl io%\éprécses%sqéjﬁif érea@%ﬁlc%%y ‘I;L)?a%gg tc% t[é)ré‘jvne%nt (l)%jgtig%ecgr%ﬁ pads 88
electricallytconmegttiocend pr aiote €baductivessigvaldravesctid. The sblderdbufips 88 are electrically and
mechanicaglglcggne%teg to.contagt pads ebog inqn%%qas@% on PCé‘%tlz.b ) olde&ggﬂo process.
Molding compounrd or eﬁgalpa}sulant 9%%5 géposf?gd over semfcio?u%]ucto?élf:ééll8f an carrlllecﬁmv% provide
physical suppcrt and electrical isohatiorefod thé devicduThélip ¢hip semicontéicior device provides a
short electgeal candutian paiiy rom.(hg active devicgs onusemienguctar dis 48 fp.qondugfion racks on
PCB 12 in order to reduce signal propagation distance, lower capacitance, and Improve overall circuit
performanéé tiararfother émbodintant lthe semicenda@sr dirtEs éan be nediranicHily dhbcelectrically

attached dirgetly,to RCB,13 using flip chip_style first level packaging without carrier 76. FIG. 4a
shows solder bump structure 100 formed using the semiconductor manufacturing processes described

above. A substrate or wafer 1024s Hadeswith aSserhieshdGitof Base matéridl Such assiieore germanium,

gallium arsgnige;ndipm phesphids, rsiliconcatbide. One ofpere-semicgnductgr dig, asydescribed
above, are formed on or mounted to substrate 102. Each semiconductor die includes analog or digital
circuits implehferted as Aetive ahd palssive deviddCEardidive 187érs2and Biclettic fets formed over

its active suitface angielectrcalbhrintercornected agcarsing tathereleatrigal design ebthedie Jror example,
the circuit may include one or more transistors, diodes, and other circuit elements formed within the active

surface to fhplefrieritbasBBan@ahdfoy dirsits 6F digitaleirdtits s hs Higitdl Sigial Protedsor (DSP),

memory, of Othelsigral processintgeircuit Ihe semmieenductandiermay alsp.contain IPD, such as
inductors, capacitors, and resistor, for RF signal processing, An electrically ¢conductive layer 104
is patterned ahd G85oEited over Sub<trate 105 CortflichVe laer 189 ¢ah Be*6é bf tittfe layers of Al, Cu,
Sn, Ni, AuaAg,oother suitahle electreallycontuptivenmaterdal acoaductive layeril4sis formed using
PVD, CVD, electrol tig é:)‘;allt(i:n oé%scstplagnq process, or 8th £SL_Hiéact))EI§ ]]:‘r(]:et?| deposition process.

, electr

Conductivé ?és’ysélr‘i 47S a m%%a’l pgarhawngléflectrlcg%ésﬁne%%on o the active and' Eﬂ%sslve devices, IPDs,

and conduttivendayers disposeeini thensemiconduddter dié. and are electrically
interconnected according to the electrical design of the die.
For example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements formed within the active region of die 47. Contact
pads 48 are made with a conductive material, such as Al, Cu,
Sn, Ni, Au, or Ag, and are electrically connected to the
circuit elements formed within die 47. Contact pads 48 are
formed by PVD, CVD, electrolytic plating, or electroless
plating process. Wire bonds 54 and bond pads 56 and 58
electrically connect contact pads 48 of semiconductor die 47 to
contact pads 52 of BCC 22 forming the first level packaging.

Molding compound or encapsulant 60 is deposited over

semiconductor die 47, wire bonds 54, contact pads 48, and
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A dielectric or insulating layer 106 is formed over substrate 102 and conductive layer 104. The dielectric
layer 106 can be one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (1a205), zircon (Zr02), aluminum oxide (Al203), polyimide, benzocyclobutene
(BCB), polybenzoxazoles (PBO), or other material having suitable electrical insulating properties. The
dielectric layer 106 is patterned or blanket deposited using PVD, CVD, printing, spin coating, sintering
with curingd or 1Eherqual é)é(i%%ignté pé)rtion 81‘@ die{]ectric Iai/er 106 is remO\éFde?%gg etching process to

expose conductive Tayer 1 "An’ optiona ¥§6§sa5|va%(1)%pc§jrr|ﬁsﬁ3tlng ayer 1088 formed over

dielectric layerlkO6iamnd ComdudtvedayerckD4. Therpassivatiod tayet 1D8cambeene oremore layers of
Si02, S|3NS41,/1 ]:Sf(glél éngogc%Q?g, B%%@d%%%%%’%g?al%%d, dlgheecg%% gigl%@leé, P§ ), or other material

having insulating and structural properties. The passivation layer 10 atteried or blahket deposited
using PVDs BMD noririting, spintcoating sSinteringowitm tarigg, dt\tRermal oxidetions Algertidr of passivation

layer 108 fsseqipvad byan eishing jocess taxse cndctive Iyer 404y vo g BpAgtional

electrically conductive layer 110 is patterned and deposited over passivation layer 108 and conductive
layer 104. Cordutctive layer 210 @ah eacite oA noke fdyers ot A CIRISIE NI, A, AGSTRTIVWOBE other

suitable elegfrigally gonductive materigl. Conductiveslayst 110 typically;has.a top Iayer with good wetting
capability to solder material. For example, conductive layer 110 can be multiple layers of Tiw/Cu, Ti/Cu,

li/NiV/Cu, BETNEANIVIOR tCsHiductive |ayeral 0RisesPVBRe Ve EiectfolyarIsiafirig, dleétrdless plating

process, of gther guitableimetal depasitign pracessr Conductive layer110 gperaies ag atynner or
redistribution layer (RDL) to extend the interconnectivity of conductive layer 104. An optional

passivatioﬁ %?Iifhs%lléiﬁ'@qé?ércffz %”Férrﬁé&%%?Eéési%’t%“rﬂ%?éPTO@%EH%%ﬁdE%eZI%yéP 10. The
passivatioptayer 412 can be one or more layers of 5i02,

In FIG. 3¢, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging.
BGA 20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is electrically interconnected according
to the electrical design of the die. For example, the circuit
may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
active region 70 of semiconductor die 18. Semiconductor die 18
is electrically and mechanically attached to carrier 76 through
a large number of individual conductive solder bumps or balls
78. Solder bumps 78 are formed over bump pads or interconnect
sites 80, which are disposed on active region 70. Bump pads 80
are made with a conductive material, such as Al, Cu, Sn, Ni,
Au, or Ag, and are electrically connected to the circuit
elements formed in active region 70. Bump pads 80 are formed

by PVD, CVD, electrolytic plating, or electroless plating
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SI3N4, SION, Ta205, Al203, polyimide, epoxy-based dielectric polymer, PBO, WPR, or other material
having insulating and structural properties. The passivation layer 112 is patterned or blanket deposited
using PVD, CVD, printing, spin coating, sintering with curing, or thermal oxidation. A portion of passivation
layer 112 is removed by an etching process to expose conductive layer 110. An electrically
conductive layer 114 is patterned and deposited over passivation layer 112 and conductive layer 110.

Conductive %ag/eeréLM caéwol%%gnek% mosreﬁy%r%eofe ,e%%,rsll’é, I\IlLi Auéﬁk : rgregwaeﬂisug?@e electrically
conductive material with a op Irayer Fn]gvmg good wetting capaBLl |t%/yto solder materlai:, e.g.yCu or Au.
Conductive tayer d14dises setectivetCupetéttroplatingeelectroless platingsprogess) oratherssuitable metal

deposition_%ro%ess Csom&lgg_jve IGa%/%%lé operates as an under bump metallization layer (UBM) or bump

pad for con uct?\//eélayer 110. In one emboc iment, UBM 114 has a footprint or diameter of 50-300

micrometers (pm). UBMEL#4 eah éé aaiqanitmfetmhiacmiﬂh adhésion Wekybmi@a_@y@d,_m seed or
wetting layersThe agdhesion layer is formed over condyctive layer. 1,10, apd canbe, Ji. fitaqiym nitride

(TIN), titanium tungsten (TIW), Al, or chromium (Cr). The barrier layer is formed over the adhesion layer
and can bemaueldfNid pickeln AN P pbatinun® (PQ P R divrm {PERTHWE & £hedmium copper

(CrCu). The-harpiep layet inhibitsthe giffusion of Gyrintq the acgive area of the die The seed layer can be

Cu, Ni, NIV, Au, or Al. The seed layer is formed over the barrier layer and acts as an intermediate

conductiveRyBPBERfeercortiuRti¢e TayRF 1 10 dmiSsubsegle At Solderhanps by dtHeriftercdhnect

structure. UBM 134 provides alow registives interegnpecto.conduetivelayer-110,a5 well as & barrier to
solder diffusion and seed layer for solder wettability. An electrically conductive layer 116 is

patterned &Hd @p6sitdd 6¢et UBM E14 ds fithnauaipctions 6Fséctivhs 16 ar1 86d. onductive layer

116 can be pagor meredayarstof A, CUcSBNI, Atk A 9§ Othersuitablegleetricaliy eenductive material.
Conductive layer 116 uses selective Cu electroplating, electroless plating process, or other suitable metal

depositionBrbes<I CHNHLhivE 1dyer 136 Ts AT Parfdta buid-6p Stickure oF 4réd obEFUBRF 114. FIG. 4b

is a top vieyk ofeendictive dayes ddba-kiod ard UBM dd4cConduetiveniayer 116 can beramiselated island

at a top edge of UBM 114. The qverall size of conductive layer 116 is similar to the size of UBM 114.
conductive signal traces 14. The solder bumps 86 are

electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 to provide physical support and electrical
isolation for the device. The flip chip semiconductor device
provides a short electrical conduction path from the active
devices on semiconductor die 18 to conduction tracks on PCB 12
in order to reduce signal propagation distance, lower
capacitance, and improve overall circuit performance. 1In
another embodiment, the semiconductor die 18 can be
mechanically and electrically attached directly to PCB 12 using
flip chip style first level packaging without carrier 76.

FIG. 4a shows solder bump structure 100 formed using
the semiconductor manufacturing processes described above. A
substrate or wafer 102 is made with a semiconductor base

material such as silicon, germanium, gallium arsenide, indium
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An electrically conductive solder material is deposited over conductive layers 114 and 116 using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The solder
material can be any metal or other electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi, and alloys
thereof, with an optional flux material. For example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the material above its melting point to form
spherical baHI og?t??uirg% 11§. In sqme a‘;iplicatg)n%soldgr bump %18 is reflowed a second tgne to improve

. . t .
electrical conta ocoﬁduélvseﬁayecr% 14°and 116. Solder Bumpgrle_LSSreerB%ecs%I}l?%%e(ﬂ/:pe of interconnect

structure that caaslbe fdramedadverd) BMrEL 4 dieddtercormmnectstructere tan alsgstiseabend Wares, 3-D
interconnegs cong ctive paste, stug bgmp ic(rjp bu or other eci)e trig Illngerc nnect.
. ¢ a1 . .
Conductive ayersll “enhances rBMlll4lftc1>r etter solder j%%t?élla il § 1ghe sidewalls 122 of conductive
layer portioms1$6e116d are stopedvandchvertticals exteadibgirfrom UBMILLE toya heigterof 2-20 pm. In

one embodiment,; sidgwalls 122 are B pre - peight; Ihe additianal helght copdugtive,lgyer 116a-116d

Increases the metal contact area for better solder joint reliability without increasing the footprint of UBM
114. Condaétive layer116a-11bardsobefféredhe stresd edAcEstration &lthe top edde &F &/BM 114, which

is typically jhe point maest susgeptile fo,eracking. Theenhanced UBM strugturg 1145116, iedistributes the

stress from the edge of the contact area of solder bump 118 and UBM 114 to the center area so as to
Improve sél8@Ppirtrekability 1 PRE height 6f S6IdeF bGmp LS cal BBIRcreased Mitholt ffakihg the UBM

footprint larger and without Joss ot selder jpintdgliahility, The gags or £xits; 129 befween gonductive layer
portions 116a-116d provide a flux vapor escape path, away from the sloped sidewalls of conductive layer

116, to mifikfize fornfatibA bt Vordsiider 3didtt buhdds £ignal Prages sarshowFamother embodiment

of the enhapged-solder-burpstrusiurgaA stbstratesamwater 1304 made with asemisanducier base
material such as silicon, germanium, gallium arsenide, indium phosphide, or silicon carbide. One or more

semicondtt6r didYasd deScritsdd-atdvel e foied 617 of RTBUNEED fy sulsstate 136 SEaéh Semiconductor

die Includes-analeg oy digital sircuitsyinylementeskas active and passive devices, conductive layers, and
dielectric layers formed over its active surface and eIect,ricaII;i Interconnected accordin% to the electrical

e
design of the die. For exXaiingleSthecitcait Tiay Onductive tayer 104 is patteriied and

deposited over substrate 102. Conductive layer 104 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 104 is
formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 104 is a metal pad having electrical
connection to the active and passive devices, IPDs, and
conductive layers disposed in the semiconductor die.

A dielectric or insulating layer 106 is formed over
substrate 102 and conductive layer 104. The dielectric layer
106 can be one or more layers of silicon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum
pentoxide (Ta205), zircon (Zr02), aluminum oxide (A1203),
polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or
other material having suitable electrical insulating

properties. The dielectric layer 106 is patterned or blanket
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include one or more transistors, diodes, and other circuit elements formed within the active surface to
implement baseband analog circuits and digital circuits, such as DSP, memory, or other signal processing
circuit. The semiconductor die may also contain IPDs, such as inductors, capacitors, and resistors, for RE'
signal processing. An electrically conductive layer 132 is patterned and deposited over substrate
130. Conductive layer 132 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrically condugg\é% muaterlal. \%du Ia;]\éer. 1%2 is formed u5|cnoqa|1r:’v

epas sin 2L B n ey IE) CVS[:)L,n |g%t£%| tic plating,
electroless pI%ﬁng process, or other suitablé metal' epgéltloﬁ)process. éoﬁductlve ayer £32 is a metal

pad having électrical tognectionttbeneattive add passive devioest IRDs,andidenductive tayers disposed
in the semiconduc ie. ielectric or insulating layer 134 is form er substrate 130 and
r Lspgéj 1S I?moﬁ%ﬁae}g}/lgg elCCiHlD I%CGJS? ’éo e?%%%gs%?ﬁlfué 1V

conductive I%{/er 132. The dielectric laye can be one or more layers o N, Ta205,
Zr02, Al2032Z02, 1203, polyimide, BCB, PBO, or other material having suitable electrical insulating

properties. The dielectri%@ygﬁg%lﬁ% Paggwgsqr\pﬁqlg% dg]poﬂli%% ygi@gﬁ?}vga é/P' Pigting, spin

coating, sintering with curing, or thermal oxidation. A portion of dielectric layer 1324 is removed by an
etching précesaad expose ¢ondactivellayery3z, 106 angh eptichet repasshation orddsulatifglayer 136

is formed oyer dielectric layer, 134 and cendugtive layer 132, Jhe passivatiop fayerdl36 camnhe one or
more layers of 5i02, Si3N4, SION, Ta205, Al203, polyimide, epoxy-based dielectric polymer, PBO, or
other matetiPHavihgdRsulafidg 8Ad skOéiitaliptepekieSXYhe passivatcn RyeF 136 ¥ patterhed or

blanket depgsited, using (D G VD PLNtiIRG, SRR, coating, Sintgring with-quring, gt thermal oxidation. A
portion of passivation layer 136 is removed by an etching [l)rocess to expose conductive layer 132.
properties. The passivation layer 108 is patterned or blanket
deposited using PVD, CVD, printing, spin coating, sintering
with curing, or thermal oxidation. A portion of passivation
layer 108 is removed by an etching process to expose conductive
layer 104.

An optional electrically conductive layer 110 is
patterned and deposited over passivation layer 108 and
conductive layer 104. Conductive layer 110 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, or other suitable
electrically conductive material. Conductive layer 110
typically has a top layer with good wetting capability to
solder material. For example, conductive layer 110 can be
multiple layers of TiW/Cu, Ti/Cu, Ti/NiV/Cu, or TiW/NiV/Cu.
Conductive layer 110 uses PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 110 operates as a runner or
redistribution layer (RDL) to extend the interconnectivity of
conductive layer 104.

An optional passivation or insulating layer 112 is
formed over passivation layer 108 and conductive layer 110.

The passivation layer 112 can be one or more layers of SiO2,
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An optional electrically conductive layer 138 is patterned and deposited over passivation layer 136 and
conductive layer 132. Conductive layer 138 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW,
or other suitable electrically conductive material. Conductive layer 138 typically has a top layer with good
wetting capability to solder material. For example, conductive layer 138 can be multiple layers of TiW/Cu,
Ti/Cu, li/NiV/Cu, or TiW/NiV/Cu. Conductive layer 138 uses PVD, CVD, electrolytic plating, electroless
plating progess, or ather suitab, etal sition process, Conductive layer 138 operates as a runner or
RDL to exté(:eln%?\{ﬁé i%é?@nn@%é&@ o?’ clgzﬁtg:gbti%j ﬂ lerrnﬁ%.’ epoxyA%%% |gna lpe?;es?\%aﬂ%)ﬁ or insulating
layer 140 isdormed pve@BpassiERiondayert136-and tonductivedayeryl 38 Sihkapassivation layer 140 can
be one or more layers 9f i02, Si3N4, SiO 20 Al20 p IL}/ir[nde epo )é—ba ed djelectric polymer,
B0, WP b S b e P oulat i Al St F ol Brobe s, The pabo At ey 140 f
patterned orblahkekeepoited UsirglPVEL BY B Vprintingh spiprcoating gsintering withe tdrigg, or thermal
oxidation. A;partion of passivation layer 140 isiemaved hy.an etehing process,to expose conductive layer
138. An electrically conductive layer 142 is patterned and deposited over conductive layer 138 as
individual peions af sesticyE42a-142d.sCoractive |&yerai 2¢ahba dnet ¥a6re lagers of Al, Cu, Sn,
Ni, Au, Ag.Qrather suitable electrically. conductive material, with a top layer having good wetting
capability to solder material, e.g. Cu or Au. Conductive layer 142 uses PVD, CVD, electrolytic plating,
electroless plating process, 6i-6tHef stitablE reatdepasifor pittess lih drie embbaimest, édrductive
layer 142 igselectively pigted with, TIW.arilGu s a seed Jayer including the sloped.area 146. Conductive

layer 142 is a UBM build-up structure or area over conductive layer 138. FIG. 5b is a top view of
conductivé-RyeH £4249 428 Y Ednduttive 1y er 4380 and pasivation 1Ey/ef 126. THe shipe oF conductive
layer 142 ¢an be linked;islandsawith cosnedtionline-pretecting passivatian layer140nda opening edge on
conductive layer 138. An electrically conductive solder material is deposited over conductive
layers 138 142 bSgldYEvapbtEtdly dleGroticbiatify caBetra1das BlatingSBafarop, or screen
printing precess: The soldes material-cambe anyraetat o ethes glactricallycondustive-material, e.g., Sn,
Ni, Au, Ag, Pb, B1, and alloys, thereof, with an_optional flux material. For example, the solder material can

be eutectic 8nBt: HigiPhezd: b fradtes “Five S61deP htterisl i& FSHowEH by heSfity the material above
its melting pointdd fermsphericad pal o bompié4.dasome apglications, selgerbump 144 is reflowed a

second time to Imé)rove electrical ontabct to condu%i e layers 13? and 14 Ider bumps 144O[epresent
??%ra es aﬁ an un%%r um% @eta glzatlon ?yef % ?ﬁl%%%?(?a
one typeo nterconnect structure that can be formed over conductive ayer . e Interconnect
structure canralsouse dohdavitesy 8xD intérconnectsy eondiiciivenpaste, sigt bump, imisrcabump, or other
decnmaH@%%g%¥¥¥% or diameter of 50-300 micrometers (pm). UBM 114 can

be a multi-metal stack with adhesion layer, barrier layer, and

seed or wetting layer. The adhesion layer is formed over

conductive layer 110 and can be Ti, titanium nitride (TiN),

titanium tungsten (TiW), Al, or chromium (Cr). The barrier

layer is formed over the adhesion layer and can be made of Ni,

nickel vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or

chromium copper (CrCu). The barrier layer inhibits the
diffusion of Cu into the active area of the die. The seed
layer can be Cu, Ni, NiV, Au, or Al. The seed layer is formed

over the barrier layer and acts as an intermediate conductive
layer between conductive layer 110 and subsequent solder bumps

or other interconnect structure. UBM 114 provides a low
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Conductive layer 142 enhances solder joint reliability. The sloped sidewalls 146 of conductive layer
portions 142a-142d increase the metal contact area between UBM 142 and solder bump 144 for better
solder joint reliability. The enhanced UBM structure 142 redistributes the stress from the edge of the
contact area of solder bump and UBM to the center area so as to improve solder joint reliability. The
height of solder bump 144 can be increased without making the UBM footprint larger and without loss of
solder join% reesligg'li:‘%e'l'he gaps or exits 14C8Obetwe N ccolnducg\ée la@'eﬁ E@rtions 1#%_142d rovide a flux

T :
vapor escape path, awa;l/?ron% e gl%(f)ed sidewalfs of conductive ayer 42,at% minimize Tormation of

voids undérssatdertbumps 244er dif Whilemneral merdembpdimentts of thedpresent invention have
been iIIust‘rNaet%(g (lj%d%tla” the skilled artisan will appreciate that modifications and adaptations to those

embodiments maylbe made without departing from the scope of the present invention as set forth in the
following claims. Claim&n electrically conductive layer 116 is patterned and

deposited over UBM 114 as individual portions or sections 1ll6a-
116d. Conductive layer 116 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 116 uses selective Cu
electroplating, electroless plating process, or other suitable
metal deposition process. Conductive layer 116 is a part of a
build-up structure or area over UBM 114. FIG. 4b is a top view
of conductive layer 1l6a-116d and UBM 114. Conductive layer
116 can be an isolated island at a top edge of UBM 114. The
overall size of conductive layer 116 is similar to the size of
UBM 114.

An electrically conductive solder material is
deposited over conductive layers 114 and 116 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The solder material can be
any metal or other electrically conductive material, e.g., Sn,
Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free. The solder material is
reflowed by heating the material above its melting point to
form spherical ball or bump 118. In some applications, solder
bump 118 is reflowed a second time to improve electrical
contact to conductive layers 114 and 116. Solder bumps 118
represent one type of interconnect structure that can be formed
over UBM 114. The interconnect structure can also use bond

wires, 3-D interconnects, conductive paste, stud bump, micro
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a substrate;
forming a first insulating layer over the substrate; forming an under bump metallization layer (UBM) over
the first insulating layer; forming a build-up structure over the UBM, the build-up structure being confined
within a footprint of the UBM; forming a bump over the UBM and build-up structure; forming the build-up
structure in sections occupying less than an area of the UBM; and

bump, or other electrical interconnect.

Conductive layer 116 enhances UBM 114 for better
solder joint reliability. The sidewalls 122 of conductive
layer portions 116a-116d are sloped and vertical, extending up
from UBM 114 to a height of 2-20 pm. In one embodiment,
sidewalls 122 are 8 um in height. The additional height
conductive layer 11l6a-116d increases the metal contact area for
better solder joint reliability without increasing the
footprint of UBM 114. Conductive layer 1l6a-116d also buffers
the stress concentration at the top edge of UBM 114, which is
typically the point most susceptible to cracking. The enhanced
UBM structure 114-116 redistributes the stress from the edge of
the contact area of solder bump 118 and UBM 114 to the center
area so as to improve solder joint reliability. The height of
solder bump 118 can be increased without making the UBM
footprint larger and without loss of solder joint reliability.
The gaps or exits 120 between conductive layer portions ll6a-
116d provide a flux vapor escape path, away from the sloped
sidewalls of conductive layer 116, to minimize formation of
voids under solder bumps 118.

FIG. 5a shows another embodiment of the enhanced
solder bump structure. A substrate or wafer 130 is made with a
semiconductor base material such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide. One or more
semiconductor die, as described above, are formed on or mounted
to substrate 130. Each semiconductor die includes analog or
digital circuits implemented as active and passive devices,
conductive layers, and dielectric layers formed over its active
surface and electrically interconnected according to the

electrical design of the die. For example, the circuit may
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forming exits between the sections of the build-up structure for flux vapor escape. 2. The method of claim
1, wherein the build-up structure extends above the UBM to a height of 2-20 micrometers. 3. The method
of claim 1, wherein the build-up structure is plated with TiW/Cu, Ti/Cu, li/NiV/Cu, or TiW/NiV/Cu. 4. The
method of claim 1, further including: forming a first conductive layer over the substrate; forming a
second insulating layer over the first conductive layer; and forming a second conductive layer over

second i”S“I'laf”&ﬁ'%ye%%”%Prsrﬁgj?gd%%tia}’ﬁs'%%%%@? S5Ugkeonductve layer belng glectrically
connected to the UBM.
elements formed within the active surface to implement baseband
analog circuits and digital circuits, such as DSP, memory, or
other signal processing circuit. The semiconductor die may
also contain IPDs, such as inductors, capacitors, and
resistors, for RF signal processing.

An electrically conductive layer 132 is patterned and
deposited over substrate 130. Conductive layer 132 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 132 is
formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 132 is a metal pad having electrical
connection to the active and passive devices, IPDs, and
conductive layers disposed in the semiconductor die.

A dielectric or insulating layer 134 is formed over
substrate 130 and conductive layer 132. The dielectric layer
134 can be one or more layers of Si02, Si3N4, SiON, Taz05,
Z2r02, Al1203, Zr02, Al203, polyimide, BCB, PBO, or other
material having suitable electrical insulating properties. The
dielectric layer 134 is patterned or blanket deposited using
PVD, CVD, printing, spin coating, sintering with curing, or
thermal oxidation. A portion of dielectric layer 134 1is
removed by an etching process to expose conductive layer 132.

An optional repassivation or insulating layer 136 is
formed over dielectric layer 134 and conductive layer 132. The
passivation layer 136 can be one or more layers of Si0O2, Si3N4,
SiON, Ta205, Al203, polyimide, epoxy-based dielectric polymer,
PBO, or other material having insulating and structural

properties. The passivation layer 136 is patterned or blanket
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5. The method of claim 4, wherein the second conductive layer is a redistribution layer to extend
interconnectivity of the second conductive layer. 6. A method of making a semiconductor device,
comprising: providing a substrate; forming a first insulating layer over the substrate; forming a first
conductive layer over the first insulating Layer; forming an under bump metallization (UBM) build-up
structure over the first conductive layer; forming a bump over the first conductive layer and UBM
kaﬁupS%%%%gﬁggg using PVD, CVD, printing, spin coating, sintering

with curing, or thermal oxidation. A portion of passivation

layer 136 is removed by an etching process to expose conductive

layer 132.

An optional electrically conductive layer 138 is
patterned and deposited over passivation layer 136 and
conductive layer 132. Conductive layer 138 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, Ti, TiW, or other suitable
electrically conductive material. Conductive layer 138
typically has a top layer with good wetting capability to
solder material. For example, conductive layer 138 can be
multiple layers of TiW/Cu, Ti/Cu, Ti/NiV/Cu, or TiW/NiV/Cu.
Conductive layer 138 uses PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 138 operates as a runner or RDL to
extend the interconnectivity of conductive layer 132.

An optional passivation or insulating layer 140 is
formed over passivation layer 136 and conductive layer 138.

The passivation layer 140 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al203, polyimide, epoxy-based dielectric
polymer, PBO, WPR, or other material having insulating and
structural properties. The passivation layer 140 is patterned
or blanket deposited using PVD, CVD, printing, spin coating,
sintering with curing, or thermal oxidation. A portion of
passivation layer 140 is removed by an etching process to
expose conductive layer 138.

An electrically conductive layer 142 is patterned and
deposited over conductive layer 138 as individual portions or
sections 142a-142d. Conductive layer 142 can be one or more

layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
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forming the UBM build-up structure in sections with exits for flux vapor escape. 7. The method of claim 6,
wherein the UBM build-up structure extends above the first conductive layer to a height of 2-20
micrometers. 8. The method of claim 6, wherein the UBM build-up structure is plated with Tiw/Cu, Ti/Cu,
[i/NiV/Cu, or TiW/NiV/Cu. 9. The method of claim 6, further including: forming a second conductive
layer over the substrate; forming a second insulating layer over the first conductive layer; and forming

the first poglgg%t{vei!gﬁr ov%roseﬁggg iiqfséul%tincgela}/eﬁang] is%gond Eondlicatil\//grla%%rvghnegs%cgg

conductive ayer Eelng e][é/Ctl’ICgI ) connectedato '[Jﬁeafll'ét con ucﬁve PFR/GF.
wetting capability to solder material, e.g. Cu or Au.
Conductive layer 142 uses PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. In one embodiment, conductive layer 142 is
selectively plated with TiW or Ti/Cu as a seed layer including
the sloped area 146. Conductive layer 142 is a UBM build-up
structure or area over conductive layer 138. FIG. 5b is a top
view of conductive layer 142a-142d, conductive layer 138, and
passivation layer 140. The shape of conductive layer 142 can
be linked islands with connection line protecting passivation
layer 140 via opening edge on conductive layer 138.

An electrically conductive solder material is
deposited over conductive layers 138 and 142 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The solder material can be
any metal or other electrically conductive material, e.g., Sn,
Ni, Au, Ag, Pb, Bi, and alloys thereof, with an optional flux
material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free. The solder material is
reflowed by heating the material above its melting point to
form spherical ball or bump 144. In some applications, solder
bump 144 is reflowed a second time to improve electrical
contact to conductive layers 138 and 142. Solder bumps 144
represent one type of interconnect structure that can be formed
over conductive layer 138. The interconnect structure can also
use bond wires, 3-D interconnects, conductive paste, stud bump,
micro bump, or other electrical interconnect.

Conductive layer 142 enhances solder joint

reliability. The sloped sidewalls 146 of conductive layer
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10. The method of claim 9, wherein the first conductive layer is a redistribution layer with adhesive,
barrier, and solder wetting layers to extend interconnectivity of the second conductive layer. 11. A method
of making a semiconductor device, comprising: providing a substrate; forming a first insulating layer
over the substrate; forming a first conductive layer over the first insulating Layer; forming an under
bump metallization (UBM) build-up structure over the first conductive layer; forming an interconnect

S e oy i g LB PR e, Lo e copdve e
142 and solder bump 144 for better solder joint reliability.
The enhanced UBM structure 142 redistributes the stress from
the edge of the contact area of solder bump and UBM to the
center area so as to improve solder joint reliability. The
height of solder bump 144 can be increased without making the
UBM footprint larger and without loss of solder joint
reliability. The gaps or exits 148 between conductive layer
portions 142a-142d provide a flux vapor escape path, away from
the sloped sidewalls of conductive layer 142, to minimize
formation of voids under solder bumps 144.

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 the first conductive layer over second insulating layer and second conductive layer, the second
conductive layer being electrically connected to the first conductive layer. 12. The method of claim 11,
further including forming the UBM build-up structure in sections with exits for flux vapor escape. 13. The
method of claim 11, wherein the UBM build-up structure extends above the first conductive layer to a
height of 2-20 micrometers. 14. The method of claim 11, further including forming a connection line
between edge islands to protect a via opening edgﬁgfime second insulating layer on the first conductive
Layer. 15. The method of claim 11, wherein the first conductive layer is a redistribution layer to extend
interconnectivity of the second conductive layer.

What is claimed:

1. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first insulating layer over the substrate;
forming an under bump metallization layer (UBM) over the
first insulating layer;
forming a build-up structure over the UBM, the build-up
structure being confined within a footprint of the UBM;
forming a bump over the UBM and build-up structure;
forming the build-up structure in sections occupying less
than an area of the UBM; and
forming exits between the sections of the build-up

structure for flux vapor escape.

2. The method of claim 1, wherein the build-up structure

extends above the UBM to a height of 2-20 micrometers.

3. The method of claim 1, wherein the build-up structure is

plated with Tiw/Cu, Ti/Cu, Ti/NivV/Cu, or TiW/NivV/Cu.

4. The method of claim 1, further including:

forming a first conductive layer over the substrate;

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

forming a second conductive layer over second insulating
layer and first conductive layer, the second conductive layer

being electrically connected to the UBM.
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16. A semiconductor device, comprising: a substrate; a first insulating layer formed over the substrate;
a first conductive layer formed over the first insulating Layer; an under bump metallization (UBM)
build-up structure formed over the first conductive layer; and an interconnect structure formed over
the first conductive layer and UBM build-up structure, wherein the UBM build-up structure is formed in
sections with exits for flux vapor escape.

5. The method of claim 4, wherein the second conductive layer
is a redistribution layer to extend interconnectivity of the

second conductive layer.

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

providing a substrate;

forming a first insulating layer over the substrate;

forming a first conductive layer over the first insulating
layer;

forming an under bump metallization (UBM) build-up
structure over the first conductive layer;

forming a bump over the first conductive layer and UBM
build-up structure; and

forming the UBM build-up structure in sections with exits

for flux vapor escape.

7. The method of claim 6, wherein the UBM build-up structure
extends above the first conductive layer to a height of 2-20

micrometers.

8. The method of claim 6, wherein the UBM build-up structure
is plated with Tiw/Cu, Ti/Cu, Ti/NiV/Cu, or TiW/NiV/Cu.

9. The method of claim 6, further including:

forming a second conductive layer over the substrate;

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

forming the first conductive layer over second insulating
layer and second conductive layer, the second conductive layer

being electrically connected to the first conductive layer.
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17. The semiconductor device of claim 16, wherein the UBM build-up structure has a sloped sidewall. 18.
The semiconductor device of claim 16, wherein the interconnect structure includes a bump. 19. The
semiconductor device of claim 16, further including: a second conductive layer formed over the substrate;
and a second insulating layer formed over the first conductive Layer, the first conductive layer being
formed over second insulating layer and second conductive layer. 20. A method of making a
SEHHCOHd%%Qfd%%ﬁPWEthOd of claim 9, wherein the first conductive layer
is a redistribution layer with adhesive, barrier, and solder
wetting layers to extend interconnectivity of the second

conductive layer.

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

providing a substrate;

forming a first insulating layer over the substrate;

forming a first conductive layer over the first insulating
layer;

forming an under bump metallization (UBM) build-up
structure over the first conductive layer;

forming an interconnect structure over the first
conductive layer and UBM build-up structure;

forming a second conductive layer over the substrate;

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

forming the first conductive layer over second insulating
layer and second conductive layer, the second conductive layer

being electrically connected to the first conductive layer.

12. The method of claim 11, further including forming the UBM
build-up structure in sections with exits for flux vapor

escape.
13. The method of claim 11, wherein the UBM build-up structure

extends above the first conductive layer to a height of 2-20

micrometers.
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comprising: providing a substrate; forming a first insulating layer over the substrate; forming a first
conductive layer over the first insulating Layer; forming an under bump metallization (UBM) build-up
structure in sections over the first conductive layer with an exit port between the sections; and forming
an interconnect structure over the first conductive layer and UBM build-up structure. 21. The method of
claim 20, wherein the UBM build-up structure extends above the first conductive layer to a height of 2-20
nmxomemﬁi. The method of claim 11, further including forming a
connection line between edge islands to protect a via opening
edge of the second insulating layer on the first conductive

layer.

15. The method of claim 11, wherein the first conductive layer
is a redistribution layer to extend interconnectivity of the

second conductive layer.

16. A semiconductor device, comprising:

a substrate;

a first insulating layer formed over the substrate;

a first conductive layer formed over the first insulating
layer;

an under bump metallization (UBM) build-up structure
formed over the first conductive layer; and

an interconnect structure formed over the first conductive
layer and UBM build-up structure, wherein the UBM build-up
structure is formed in sections with exits for flux wvapor

escape.

17. The semiconductor device of claim 16, wherein the UBM

build-up structure has a sloped sidewall.

18. The semiconductor device of claim 16, wherein the

interconnect structure includes a bump.

19. The semiconductor device of claim 16, further including:

a second conductive layer formed over the substrate; and
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22. The method of claim 20, further including: forming a second conductive layer over the substrate;
forming a second insulating layer over the first conductive layer; and forming the first conductive layer
over second insulating layer and second conductive layer, the second conductive layer being electrically
connected to the first conductive layer. 23. The method of claim 22, further including forming a
connection line between edge islands to protect a via opening edge of the second insulating layer on the
f”StconducnveLgy%%cond insulating layer formed over the first conductive
layer, the first conductive layer being formed over second

insulating layer and second conductive layer.

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

providing a substrate;

forming a first insulating layer over the substrate;

forming a first conductive layer over the first insulating
layer;

forming an under bump metallization (UBM) build-up
structure in sections over the first conductive layer with an
exit port between the sections; and

forming an interconnect structure over the first

conductive layer and UBM build-up structure.

21. The method of claim 20, wherein the UBM build-up
structure extends above the first conductive layer to a height

of 2-20 micrometers.

22. The method of claim 20, further including:

forming a second conductive layer over the substrate;

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

forming the first conductive layer over second insulating
layer and second conductive layer, the second conductive layer

being electrically connected to the first conductive layer.

23. The method of claim 22, further including forming a

connection line between edge islands to protect a via opening
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24.The method of claim 22, wherein the first conductive layer is a redistribution layer to extend
interconnectivity of the second conductive layer.

edge of the second insulating layer on the first conductive

layer.

24. The method of claim 22, wherein the first conductive

layer is a redistribution layer to extend interconnectivity of

the second conductive layer.
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