SEMICONDUCTOR DEVICE AND METHOD OF FORMING BUMP STRUCTURE WITH
MULTI-LAYER UBM AROUND BUMP FORMATION AREA Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor
device and method of forming a bump structure over a semiconductor wafer with multi-layer UBM
around a bump formation area. 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 ceEMETENDUE JORIghECDTR NgNDOME THED ) cem bR trBUNB @ TREKI TOREC HIETHO!
inductor, and power meMIDRDIEL2MRR CUBMCRRGEID e BuMP r mORMAT (0D ARER). Integrated
semiconductor devices typically contain hundreds to millions of electrical components. Examples of
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CODs), solar cells, and digital microFaedt defiddeeDIM@ention  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 televisibA¥isplays SerhitcPitét devicesSare foufia e Bise fiElls of entertainment,

semiconductor devices and, more particularly, to a semiconductor
device and method of forming a bump structure over a
semiconductor wafer with multi-layer UBM around a bump formation

area.
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), small signal 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

devices are found in the fields of entertainment,



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials. The
atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the
application of an electric field or base current or through 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
structuresoAgtive structures, ipchuding-bipotar anshfjeld effest trapsistarsucentsgl thadlow of electrical
current. %gr\llal%ilgg levels of 1(gl(s)pingsand ggglication of(fn electric field olrsbglsg current, the transistor

either promo‘?es OF rdiCts Thé flow of Blecticar curren " Passive’structures, melu mé‘ fesistors,

capacitorsi Andanguetors, icreateca selatonstip detweeh vottage @ndicuireritmeckessary to perform a
variety of electrica functions,The ﬁaégiv%%q%ﬁgg\ée structures are electrically connected to form
le th i evi '

circuits, which enable the semiconductor ce to perform high-speed calculations and other useful

functions. Senfiesidrctoraevices aré geperally manufdtturedasing 886 complex

manufaciyring-processes: i nfrentand manyfacwring; and back-endmanufacturing, acheinvolving
potentially hundreds of steps. Front-end manufacturing Involves the formation of a pluralit% of die on

the surface b SPEEMICoMtiuCirSvafer. EdciPli istypicafyidettical &0 ¢8htains Circdits fofmed by
electricalhy sopnectingaciiverard pagsive £omponents.rBack-end matufacturing Ipyekves singulating

individual die rom the fiished wafer and packaging the die to proyide stuctural sypport and
environmentalisolation.

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 bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, 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



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 footprint, which is desirable for
smaller end products. A smaller die size may be achieved by 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. FIG. 1 shows a conventional bump structure formed
over semiganducioswaiarcl G eontatiag aibasehsubsiaie matesiabsueh as sijicone gatraaniim, gallium
arsenide indiurgephot?hi e, or silicon car ideﬁéor structural su%g?rt.. A(pllurtali;[)y of semiconductor die
is formed’ b semicondUctor water T8 HEAch SEMicOhdUCtor die has an active Strface 12 containing
analog or digital circuits:enplementéd asraictive dlevices, passive devicesy conductiverlagers; and

dielectric layens formed;within the die and glectrically iterconpected according 1o fhe electrical design
c ! g .

and function of the die. Metal interconnect pads 14 are formed over active surface 12. Metal pads 14
are electfieaRPEENAEGED RO CREUitiYOIF abthidE surfRcE 12r RusSivation |ayér b6 iforriedssver active

surface 12 and metal.pads 14. A portign of passivation 1ayer 16.isirepeved:y-an&ighing process to
expose metal pads 14. An electrically conductive layer 18 is formed over metal pads 14 and
passivationigyér £8'°CofdudtRetByeria opeiatts 53 & fetisiiblfion By IRPIS 0¥ tend horizontal
interconpeci@f metal padstdlAqassivationdayer 20ds fanwned evar sgndugiivedayentd and
passivation layer 16. A portion of passivatian layer 20 is removed by an etching prqcess to expose
conductive ?ay¥err(i%. Eeulgﬁgp§ 23%ré oFrﬁgélo%n\C/érX donductive |§§,§?‘ 1 Ipr?r!h?eerre{m%\? Sgrtions of
pa}ssiyatk@ﬁda}ieryzeact_ive arngé Mac'tt\ziete:rta@bequ_bm@%@n@%%wembjgcﬁ to
rejection.or fgijure, patticylarly dyring manufacturing reliahility, jesting, Rassivationdayer,20,is intended

to maintain the seal for the contact interface between bumps 22 and RDL 18. However, if passivation
layer 20 BElahfinafesfiemisurhps 228 atdisttre can fpenetrate tirotghane sepakaidbBetween the
passivatiggdpaterial and bump and cause oxidation around the contact interface between bumps 22

and RDL 18. The oxidation weakens the contact interface. The device can be rejected by
post-reliability inspectfoh® or the® BiVige Totf & 1h thE Field> Btimmiary of e IfvertisH ©Ver A need

exists to seduce failure 6F bump-structures er semicondusicrderices. AEcOraingly ik ONeuch
embodiment, the present invention is a m(ﬂmd of making semiconductqr device comgrising the
steps of providing & Stibstratd 2otig SFirst cBhdtictive 1ayer over the sUBStAR: f6rming a first
insulating 1ayier @ver théd sdbstraterarddt first conductiveclayet, renfouvingiagortign of the first insulating

layer to exposedhe st concuctive vty orming a.second-conductive layer yer th st conductive
layer and first insu ating layer, and forming a UBM layer around a bump formation area over the
second coHBLEHVE Tfer r THe sekord Tonddttives|ayer iregpdsedipithe by fergdtich area. The

nmﬁhOdtyﬂgﬁfgﬁjww%%ﬁ¥%§e@§§iemented as active devices, passive devices,

conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. Metal interconnect pads 14 are
formed over active surface 12. Metal pads 14 are electrically
connected to circuitry on active surface 12. A passivation
layer 16 is formed over active surface 12 and metal pads 14. A
portion of passivation layer 16 is removed by an etching process
to expose metal pads 14. An electrically conductive layer 18 is
formed over metal pads 14 and passivation layer 16. Conductive
layer 18 operates as a redistribution layer (RDL) to extend

horizontal interconnect of metal pads 14. A passivation layer



forming a second insulating layer over the UBM layer and second conductive layer, removing a portion
of the second insulating layer over the bump formation area and a portion of the UBM layer, and
forming a bump over the second conductive layer in the bump formation area. The bump contacting
the UBM layer to seal a contact interface between the bump and second conductive layer. In
another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a substrate, forming a first conductive layer over the substrate, forming a first
insulating layer over the substrate, forming a second conductive layer over the first conductive layer
and first insulatingpleyer angeformingladmuklidayermetalization pattermaround areiptercesnect
formatio%area over the second,conductive layer. Iqe second conguctive Iayetr i%exposed in the
interconnedt formation area. The method further includés the" gfé%s 0 yforanrwlin% a second insulating
layer overtthe enultidayermmetallizatiohugdtiera ard/secorfd. cofdugtiveladyereutSiderthe interconnect

formation. grea, gnd forming an ﬂ%te!i%lo%ee‘“ SUHStG gyl e, second gondycrive;lgyen in the

interconnect formation area. n another embodiment, the present invention is a method of
making &8emiconductor device comprising the steps of providing a substrate, forming a first

conductive layer over the substrate: forming amultislayge metallization patigrn aroungdsan, interconnect
formation area over the first conductive layer, forming a first insulating layer over the multi-layer

metalliza‘filéﬁ%%ﬁférﬁ%nﬂefprgf:&}r‘?&h&ﬁeqaﬁéﬁ%ﬁtsid%atﬁ'éjiﬁfé]ré&Jrﬁe&‘fSﬁﬁgtion area, and forming an
interconnectovet the firsh coadueativel layer etheiintercopaectfornaton argadnzamother embodiment,
the present inverét(i?%r]cis a s.emiconstJ tor devifefcorm rising a %gm!:conducto]ggiee a_Bgtfirst conductive

intend Qo maintail e 0O he tonta inter ween .
layer formed over the Semiddnductor die. ATirst indlila ing layer iRF6rmad over tife semiconductor die.

A se_con@cmpdu@tﬁle;ha@efiislfomed dixemheﬁrsti:bnld@eti\iefmymranbla‘;rstringmating layer. A
multi-layer metallization patiemis fpumed arqund an interconnect, formation area oyer he second

conductive layer. A second insulating layer is formed over the multi-layer metallization pattern and
second coheliEive tayeritsiae theé duRfs forifrltioPrareat ARlaterédsndttdrueiiste 48 f6itned over the

second conductive layer in the intercoppegtiormation area. Bref,Lescripfignobihe Drawings

FIG. 1 illustrates a conventional bump structure formed over a semiconductor wafer;
18. The oxidation weakens the contact interface. The device

can be rejected by post-reliability inspection, or the device

could fail in the field.
Summary of the Invention

A need exists to reduce failure of bump structures on
semiconductor devices. 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
conductive layer over the substrate, forming a first insulating
layer over the substrate and first conductive layer, removing a
portion of the first insulating layer to expose the first
conductive layer, forming a second conductive layer over the
first conductive layer and first insulating layer, and forming a
UBM layer around a bump formation area over the second
conductive layer. The second conductive layer 1is exposed in the

bump formation area. The method further includes the steps of



FIG. 2 illustrates a 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-4h illustrate a process of forming a bump structure with two-layer UBM around a bump

formation area; FIG. 5 illustrates another bump structure with three-layer UBM formed
around a base of the bump; FIG. 6 illustrates another bump structure with the passivation
layer contacting the bump; and FIG. 7 illustrates another bump structure with continuous
two-layer UBM formed around a base of the bump. Detailed Description of the Drawings The

present inyentionyissdescribed inronelermose embadimests irhibeuBliowingdesatiptioswwithireference
to the figures, in which like numerals re&r}esent the same or sigﬂlgr eIergggtsi Whikﬁ gchie invention is

described i (flélr%sl OftheBest'mode for aéhigviﬁﬁ]iﬁé ?rrllveon%on S obsjggtlves, it will be aﬁﬁreciated by

those skilledam theyart thatit lisuimpe ddedhto- coveraaiternative ss neadificationst andeedibvalents as may
be included within the spirit and scope ot the inyention as defined ty the.appenped claims and their
equivalents as supported by the following disclosure and drawings.

the bump formation area. The bump contacting the UBM layer to

seal a contact interface between the bump and second conductive

layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first conductive layer over the
substrate, forming a first insulating layer over the substrate,
forming a second conductive layer over the first conductive
layer and first insulating layer, and forming a multi-layer
metallization pattern around an interconnect formation area over
the second conductive layer. The second conductive layer is
exposed in the interconnect formation area. The method further
includes the steps of forming a second insulating layer over the
multi-layer metallization pattern and second conductive layer
outside the interconnect formation area, and forming an
interconnect structure over the second conductive layer in the
interconnect formation area.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first conductive layer over the
substrate, forming a multi-layer metallization pattern around an
interconnect formation area over the first conductive layer,
forming a first insulating layer over the multi-layer
metallization pattern and first conductive layer outside the
interconnect formation area, and forming an interconnect over
the first conductive layer in the interconnect formation area.

In another embodiment, the present invention is a



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 and diodes, 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
functionsemiconBPassive angdactive-campopents arefermedovet the suface ofithei semiconductor
wafer by 8.series of process steps including doping, deposition, photoliiography. stching, and
planarlzacilo . Doping intfoduces impurities into the semiconductor materia by techniques such as ion
implantatios ot #temaal tiffesion sT e dopihgoprocess enedifies thelelectrical conduétivatycaind

semicondugtor materakin active deyiges, fransiorming the semicondyetar; material into gninsulator,
conductor, or dynamically’changing the semiconductor material conductivity in response to an electric
field or bas& Turrent rahsiztorsacttitain regiohstof varying theEs ahd dtgrees pRE6pINg arfanged as
necessapto.eRakle dhe dragsistortoRromate or Festrict the.flaw of elgctricalcurient Lipgn the

application of the electric field or base current. Active and passive components are formed by

layers of fhatdiials With ifférent efectiical Popérties 2 Fhe ayet Tan'se fothidt oy 4S/ariely of
depositioniteehnicugsrdeternined4a pashby the bipe efinatesiab beingrdepesited: Fos gxample, thin
film deposition may involve chemical vapor deposition (CVD), physical vapor depgsition (PVD),
electrolyﬁél EFathr?{\]%, 5&8 ékfélgf?olg]% rﬁﬁsﬁiﬁ%npr%gggsie;‘aéqacﬂll)%%?éréll%néleence%raﬁ‘f;“ 63&%%%% t%sform
portions bbactive componkeatss passivecomiparients, dreglectrical cornectionsdoetween components.
The layeks 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 he;jaslying-lgyes i be patiesned-aliig gynainder of the photoresist is
removed, leaving behind a patterned layer. Alternatively, some types of materials are patterned by

directly depositing the material into the areas or voids formed by a previous deposition/etch process

using techniques suchras electrolesssand electeolyisnplatingonal bUagpesiting adbin film of material
over an e istin%pattern can exa%g)ergte the und%rlying pattern and create a non-uniformly flat surface.
er;

A uniformﬁ/rf%? surface iéaresqelﬂt}rle gructor wa

FIG. 2 illustrates a 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-4h illustrate a process of forming a bump
structure with two-layer UBM around a bump formation area;

FIG. 5 illustrates another bump structure with three-
layer UBM formed around a base of the bump;

FIG. 6 illustrates another bump structure with the
passivation layer contacting the bump; and

FIG. 7 illustrates another bump structure with

continuous two-layer UBM formed around a base of the bump.



produce smaller and more densely packed active and passive components. Planarization can be used
to remove material from the surface of the wafer and produce a uniformly flat surface. Planarization
involves polishing the surface of the wafer with a polishing pad. An abrasive material and corrosive
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 dimetha MadeDie seoigt abe bodkemalmgandndenctional regions of the
wafer called saw streets or scribes. The wafer is singulated using a laser cutting tool or saw blade.
After singulation, the i@gié/idurael dieen greimpeur%el% toa éaagkag% %ggtra%e tohrgé i%crlucrin%s gins or contact
pads for interconnection with other system components.ec,sontact pad13 formed over the semiconductor
die are teerpeonnected to cohtact patsavithin thie package.crher eldctrical €oanectidies c&re be made
with solder bymps, styd hymps, eenductive-paste, orwirebonds..An encapsylanter.other molding
material is deposited over the package to provide physical support and electrical isolation. The finished
packageds #HER insertetlintcart dfectficd Sys&m shdtheFanctichality bEHeSsérhiconduet device is
made availaklesg the othersystemomperentson’ s od&:2illustrates elegtronie device 50 having
a chip carrier substrate or printed circuit board (PCB%SZ with a plurality of semiconductor packages

mounted®6 Tt§ SUFREE. BectidnftCdévice 50 may haVe dHe typeadt sEmitondi&Grpackdge, or
multiple types:of sermricanductes packages; depending amthe @pplication.sThes diffeyemttypes of

semicondyctor pagkages are shiown n FIG- 2 for purposes of ilustration, o, Eleglronicdevice 50
may be a stand-alone sys%em at (ses the semiconductor packages to per]form one or more electrical
functionsxAlterrativahe relectrodie devicen80 nhayi be ecsubcohepdrrert of aulapgertsystém. Fbeexample,

electroni¢ deyice. 50 may.be @nggghgaca&gamwk Interface card, or other signal processing card

that can be Inserted into a computer. The semiconductor package can Include microprocessors,
memories, application°SFecHid ftedrate d BiréGsS(ASIC) IRfE Gitduitst anafcy CiFciis, RE! @i cuits,
discrete dguices@nethensamicenductordie.orelecttical gampenents. manuradt FiGnd, BEH 52

provides a general substrate for structural support and electrical interconnect of the semiconductor
package8éuited SiffhePEBLEHluCtiVE SiYnat HAckE BATAe ormed oVe¥ a'siirface6r within layers
of PCB 52-using evaporation, electialytic platingcelestrolessplating;sscseenr printing, or other suitable

metal deggslygg Process. Swlg@%IrtpslceﬁsaSCAPl p&owde for %gctnc I comml{rggatlonalggty\\/]een %Igr(;t é);‘ t5h4e

. q E ﬁe on,t warer $on ns e a
semiconauctor packages, mounted components, and other externa system components.

also prp\nde@bvx@r@lfmiogmundlcmepﬂOﬂgt@eawhmm@semmwaﬁquagegnegted In some
embodiments . semigonductar device has twe packaging.levels. First level packaging is a technique

for mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second
level packagiifRvbResTHeehamicafpand eletificaliPattacting thermterntédiafPéartiey té the PCB. In

other embogirpgnts; Asemisonductor devicednay onhr-Bave thefirst lexel pagkagingyhere the die is

mechanically and electrically mounted directly to the PCB. _
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,



For the purpose of illustration, several types of first level packaging, including wire bond package 56
and flip chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including
ball grid array (EGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array
(LGA) 66, multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat
package 72, are shown mounted on PCB 52. 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 52. In some
embodimenis selectionig davicesbhl includes asinglewattachedisetwicandueton package, while other
embodimenta cajcl for multipée inter.con{lfcteqqpackalgﬁesﬂli%é/ combininr%on or more se.mifonductor
packageg Qvera scfﬁgIeosﬂbs{/r%?élflrﬁgnuf‘éc?ur%?géa incorpgrear% (f)(r)e-rﬁlé: e ]éorl%o%reﬁ?s into
electronic devicesiand systems: Becasase the senedeductor gackagestintlade sophisticated
functionaity, electronic devices;Gan be manufactured ysing cheaper components anda streamlined
manufacturing process. The resulting devices are less likely to fail and less expensive to manufacture
resultingdrlower €osPfR Consurresssary MGIN8RIT: shsw exenflai serhvoRboERr packages.
FIG. 3a ilustrales further. detail f PIR64 maunted on RGB,%2,Serpiconduetos dia 74 inglydes an

active region containing analog or digital circuits implemented as active devices, passive devices,
conductive 1dyets i tietécttic Fyers fofied withir tHedie and are electrically interconnected
according to the electrical desigmaf thesdievEorexampia, the gireuit mayimnchidel ape os mare
transistors, diodes(l:,l induc;ct rs, C gacitors, re_Lsistors, and other cir%uit elem% ts fgrmed within the active
region of Semiconduictor die %. OhtAL p%d% are oné E?%&el%@érs of Gonductive material, such
as aluminemt@tneopper (Cu) tingSn) cickel(®h);, tgotch (Ak); lon Silvers(Aty) Famdc ane @lectrically
connected. i the, cirauit elements-formed within semicopduclor die, 74. Pupng assembly of DIP 64,

semiconductor die 74 is mounted to an intermediate carrier /8 using a gold-silicon eutectic Tayer or
adhesive nbite il Ut htasthehmal puRy VEhespaekeatfel baay ficldeeEan instlative/ Backaging material
such as palymeror ceramic. fondugctarleads B9 and wirehonds-82 pﬁq\éggﬁé‘%d%@ interconnect

between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package for

environnferRalprotédio Py préteriting Roitire arftRpartitieéSFomefenAg e Yackage and

contaminafingedie 4 eowirehonss:82.ons of FiGt3bdlustiates Brther detaikof,BCC 62 mounted on

PCB 52. Semiconductor die 88 is mo.unt?d over carrier 90 %%lg% an underfill or egoxy-resin adhesive

material 93™WIRS BoRds 84 provide Tirstevelpacking Mtdreannect Befwddin 85Atatt pads 96 and 98.

Molding compound orBncapsukant 100ris ldeppsited onerdsemicondeictaradie 88canch wirg, bonds 94 to
provide physical Sppertand glectrical issff’éal%%? fop the gﬁyics@] Gonfactp §,t]e012i%5]e formed over a

surface of PCB 52 using a suitable metal deposition such as electrolytic plating or electroless plating to
prevent eXigatore Ceortacopads 102 are ¥tectricalBecmmicctad ¢l oneforaasdieceanduitive signal traces

|53£é; Il?r: :;%%ﬁ%@?édl%@rﬁ formedhatween.contact Rads8-0EBCC 62 and contact pads 102 of
‘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
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-

uniformly flat surface. A uniformly flat surface is required to



In FIG. 3c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed
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 within active region 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
EGA 60 is electrically and mechanically connected to PCB 52 with a EGA style second level
packagingrusingdusips 122, Semicenduciendie 58 iselecttically cornectedda conductive signal
traces 54 in PCB 5% throu If bumps 1%0, signal Ii%es 114,dand bumrﬁ)s 112. ,AEmo.IdiTgfcompound or
encapsuFafl)ﬁui(i%elrs1 dse|°o05| ed over Semicohduttor die 58 and cafrier 106 fgapr%]\flfb‘sé phfs?glal support
and electrical sotdtiorefor the ldevicef Fhedhgl chiposemiconductor device providesia Shor electrical
conclction et fiom i, agiug dedces g samiggndudou die:5 o condyaliofiracks, 00 PGB 52 in

order to reduce signal propagation distance, lower capacitance, and Improve overall circuit
performatfeel il anethier @mbddiment ahe \serfiebfductor dit58 eandsel e chnitafly andtdectrically

connectegidicectiytorRE B2 Hsing flip chip.style-first igwel packagingiwithput integmediate carrier 106.

FIGs. 4a-4h illustrate, in relation to FIGs. 2 and 3a-3c, a process of forming a bump structure with a

two-layef OBV AF6uMtt 2 BUmp forniatiorParedl FIES43'3hows"s seficSitfuctsrwiafet A28 Containing a

base substrate enairealk such assiicen, gegmanivay gedlium asseridenindiura phosphigle; or silicon

carbide, f%r .s],:tructtir%al ﬂtg@ort. A plurality of semiconductor die 122 is formed on semiconductor wafer
A

120 sepélraf‘ed) 5§/n S feets 1 4aucsﬁr'lg the processes described above. Each semiconductor die or

component 12_2 has aﬁaﬁﬂvemrw@emmamgaﬁgm arOdigitattdimmi_tsqmplemgnted as act?ve
devices, @flé&kY?ad&Vr'z%escr?Q”Q%ﬂVs%!&ye&%@é}d diglectric layers;formed within the die.gnd electrically

interconnected according to the electrical design and function of the die. For example, the circuit may
include gnecsRmbRE transistors, divdest and otier cifciiislements farmed Rithiractive surface 126 to

implementanalpgsircuits or digital ciredits,suchsas digital sigral-processer-(RSRL A aemory, or
other signal processing circuit. Semiconductor die 122 may also contain integrated passive devices

(IPDs), stitA™ ittictors Caiicitors, Shtresistorst f6 P Signdl procsbsing, streets or

scribes. The wafer is singulated using a laser cutting tool 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 molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 2 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 may have one type of semiconductor package,

or multiple types of semiconductor packages, depending on the



In FIG. 4Db, an electrically conductive layer 130a and 130b is formed over active surface 126 of
semiconductor wafer 120 using a patterning and deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive layer 130a and 130b can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 130a and
130b are metal interconnect pads, which are electrically connected to circuitry on active surface 126.
An insulating or passivation layer 132 is formed over active surface 126 of substrate 120 and
conductive layer 130 using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidations dheiinsulating layercl 32 ear berone: opmore fayers of siicontdiexide b2y ssikeen nitride
(Si3N4), sjlicon oxynjtride ( iON}r{At/antalum entaxide (Ta205), aluminum oxide(Al203),photo sensitive
polymer a%?g&ri%é.g.?gdly%igg, Bﬁ%é)SB&)}o?rl&ﬁgF%{ajtgﬁal having similar insulating and
structural properties.AEpertionof insyatmg tayed 182visvemoveddyd-alone system that

uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 2, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 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
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate 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.

-10-



an etching process to expose conductive layer 130a and 130b.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. 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 52. In some
embodiments, electronic device 50 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 manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 3a-3c show exemplary semiconductor packages.
FIG. 3a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die 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 semiconductor die 74. Contact pads 76 are one or more
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In FIG.4c,a seed layer 134is

layers of 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
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 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 80 and
wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 3b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such as electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 3¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
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formed over conductive layer 130 and insulating layer 132 using a patterning

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 within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 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 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 4a-4h illustrate, in relation to FIGs. 2 and 3a-
3c, a process of forming a bump structure with a two-layer UBM
around a bump formation area. FIG. 4a shows a semiconductor
wafer 120 containing a base substrate material such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon
carbide, for structural support. A plurality of semiconductor
die 122 is formed on semiconductor wafer 120 separated by saw
streets 124 using the processes described above. Each
semiconductor die or component 122 has an active surface 126
containing analog or digital circuits implemented as active

devices, passive devices, conductive layers, and dielectric
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layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
126 to implement analog circuits or digital circuits, such as
digital signal processor (DSP), ASIC, memory, or other signal
processing circuit. Semiconductor die 122 may also contain
integrated passive devices (IPDs), such as inductors,
capacitors, and resistors, for RF signal processing.

In FIG. 4b, an electrically conductive layer 130a and
130b is formed over active surface 126 of semiconductor wafer
120 using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layer 130a and 130b can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 130a and 130b are metal interconnect
pads, which are electrically connected to circuitry on active
surface 126.

An insulating or passivation layer 132 is formed over
active surface 126 of substrate 120 and conductive layer 130
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. The insulating layer 132 can be one or
more layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum
oxide (A1203), photo sensitive polymer dielectric (e.g.
polyimide, WPR, PBO, BCB), or other material having similar
insulating and structural properties. A portion of insulating
layer 132 is removed by an etching process to expose conductive
layer 130a and 130b.

In FIG. 4c, a seed layer 134 is formed over conductive

layer 130 and insulating layer 132 using a patterning and
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deposition process such as electrolytic plating and electroless plating. Seed layer 134 can be Ti/Cu,
TiW/Cu, Ta/Cu, Cr/Cu, Ni, Ti(TiW, Cr, Al)/NiV(Cr, TaN)/Cu, nickel vanadium (NiV), Au, or Al. A
photoresist layer 136 is deposited on seed layer 134. A portion of photoresist layer 136 over
conductive layer 130a and 130b and seed layer 134 is patterned by exposure and removed by an
etching process. An electrically conductive layer 138 is formed over seed layer 134 in the removed
portion of photoresist layer 136 using a deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 138 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or othepsuitalile eleatricalscendirctive rﬁat@dsiafcﬁ@mdmtgx/edaye]rgls&@penaiesmeDL to

extend th 1 %r}cercopne tIVI'g/ (if mtercggr%es% pads 1% dﬂ élecjtn %ond&;ctg\ée Iaygr 88 can. be

continuotis betwden interconret aand 'isolated’ betwéen the interconnect
pads. In Bmeiéﬂﬂbodimerﬁ,lddmduttme layernl38is, selectively plated Cunin (fhe'pattekned ghotoresist
layer 136, ,Seed layer 134 operates as a barrier layer and wetting layer for Cu conductive layer 138.

In FIG. 4d, photoresist layer 136 is removed. An electrically conductive layer 140 is formed over
conductive layer 138 &robh@tisurap be intercttinets forifatidPrarehtrad @asighatedLfor fater formation of

interconnegt bumps, An electricallyconductive layerJ42 is fermed pver ganductiye layer.140.
Conductive layers 140 and 142 can be one or more layers of suitable electrically conductive material

deposited UG A pattething BhdPE0osifdiT brdckss sudPad PVES € VB, SFERERG él8Ctrolytic
plating, arshelestrolessalatingrGendyctivedayers 140 and d42ifeania mudtirtayer metallizatien pattern
or UBM T%Jdlng?barr rla erand a %hf:alon Ia¥§r Ino eéembodlme%t conductive layer 140 is the

barrier layer contalnlng TWe miam copper?Cr u) p?a?r‘ﬁ?m (B?)r o%%%llg ium (Pd).

Conductivedayerb4zis th@yai:thelsi?én lagyengoatairipg Al titamigmdd9 s shomiuma €CHYOY, titanium
nitride (Tiyh UBM. 140442 prowides a oy esistyeJptargonage as wellana barierip gy o solder

diffusion into’active surface™1
Conductive layer 138 can be one or more layers of Al, Cu, Sn,

Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 138 operates as an RDL to extend the
interconnectivity of interconnect pads 130a and 130b.
Conductive layer 138 can be continuous between interconnect pads
130a and 130b or electrically isolated between the interconnect
pads. In one embodiment, conductive layer 138 is selectively
plated Cu in the patterned photoresist layer 136. Seed layer
134 operates as a barrier layer and wetting layer for Cu
conductive layer 138.

In FIG. 4d, photoresist layer 136 is removed. An
electrically conductive layer 140 is formed over conductive
layer 138 around bump or interconnect formation area 144
designated for later formation of interconnect bumps. An
electrically conductive layer 142 is formed over conductive
layer 140. Conductive layers 140 and 142 can be one or more
layers of suitable electrically conductive material deposited
using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.

Conductive layers 140 and 142 form a multi-layer metallization

—-15-—



FIG. 4e shows a top view of UBM 140-142 with bump formation area 144. In one embodiment, UBM
140-142 is patterned and deposited as a ring completely around, or as an enclosing structure with
respect to, bump formation area 144. Bump formation area 144 is thus central to UBM 140-142.
Alternatively, UBM 140-142 is deposited over area 144 and then etched from area 144 to form the ring
or enclosing structure. In other embodiment, UBM 140-142 is formed partially around area 144.

In FIG. 4f, an insulating or passivation layer 146 formed over conductive layers 138 and UBM 140-142
and substrate 120 using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidations dithesinsulatingday emt46: can he-one ot more layers of 502 Fid3N4o SiQlyda2051AI1203, or
other material h vir&glsimiltar insulgtin% and structura %op.erti . A}gortio.n of iPsuIating layer 146 is
removedol51ye an etc |nr§11 %?oéescsot% élfpols\éeconadﬁe(:]five ayelrsl in area 144 and %ef):ortion of UBM
140-142 awotnad therpebimet@riof,aréaild4; EtGndgrs hovwsoa top Viehwn of insltatingdaydit46 covering a
portion of EM 40143, Thetemalaingpartian.of YBM 140-142, nol couered g insulafing layer 146,
forms the ring completely around bump formation area 144. The insulating layer 146 is'then cured. In
FIG. 4h, apréleétrically edndiicthvaBump Materiab!is eepositdd bVer ared 144 0siiy ad evageration,
electrolytie plafing, glagtroless plating halkdrop, of sereensprnting-pracess-tha bump material can be
Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For

example‘,’“ﬁ'ﬂelbﬁﬁp%hf’éﬂé}%ﬁntb% &ltetlic SrPBhighicdd soltet"6rIeddtteé soidet 2 Fe bump
material i2lsanded to conductive layer 138 and UBM 140-142 using a suitable attachment or bonding
process. In one emboﬁ'%entll the Egr\p material is reﬂowfeczfg}éI hf%r_]% e matﬁrigl above its melting

point to form spherical balls orebﬁmps @.?ﬁ%o%leegpp ications, bumps 4858 réfioWed a second

time to Improvecelectricat eontaét to conductiverlayperl 188 andWBBM11B40-142. Thedumips oad also be

compression %%%doesdi@e%"%dsucé“’]?i'%er 36 20d UBM_149:142. Bumps 148 E%PJ?%%%%‘G type of

interconnect structure that can be formed over conductive layer 138 and UBM 140-142. The
interconrféct sfruetift e tanalse TReStud Hunpsiimit s Bampsh conddctivedpillaBsL®P other electrical

InterconneGt, st ion ERESIrGUIY QN aglive swiace 126 is elggtrically connected through Interconnect
pads 130a and 130b, RDL 138, and bumps 148 to external devices. Bumps 148 contact UBM

140-142 23Ut msGitatingUaYer £46 by drmagiut toRtad Bempe 248 LihiariPeadd delamination
of insulating layer dA6:ds nodengerateliahility issue besause-theneneesing structreefdJBM 140-142
around bum%st 38 rgaigga’qs thetse%d %jl‘ tli]% &9%&&ct {r;te%face bc?twgggibﬂrips %ér18 an cornedéjctive
layer 138 CSNdUctiveaysr 140 s the bartier layer td inhibit B difftision"and c6AGUVe 55 er 142 is
the adhesibh.layer to form a moisture tight seal against bumps 148. UBM 140-142 Increases reliability
by preventlng. m0|stur§ I(I‘OELT} ggngggtlg% tQ ﬁg%gg@tgg&mg%rf%%es Q?%‘%%%Q“@Qfe%‘si g@d conductive
layer 138, which could cause

formed over conductive layers 138 and UBM 140-142 and substrate

120 using PVD, CVD, printing, spin coating, spray coating,

sintering or thermal oxidation. The insulating layer 146 can be

one or more layers of Si02, Si3N4, SiON, Taz205, Al1l203, or other

material having similar insulating and structural properties. A

portion of insulating layer 146 is removed by an etching process

to expose conductive layer 138 in area 144 and a portion of UBM

140-142 around the perimeter of area 144. FIG. 4g shows a top

view of insulating layer 146 covering a portion of UBM 140-142.

The remaining portion of UBM 140-142, not covered by insulating

layer 146, forms the ring completely around bump formation area

144. The insulating layer 146 is then cured.

In FIG. 4h, an electrically conductive bump material
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oxidation and weakening of the contact Interface. UBM 140-142 reduces inspection rejection or failure
of the device. In another embodiment, continuing with the structure described up to FIG. 4c,
photoresist layer 136 is removed and an electrically conductive layer 150 is formed over conductive
layer 138 around bump or Interconnect formation area 144 designated for later formation of
Interconnect bumps, as shown in FIG. 5. An electrically conductive layer 152 is formed over
conductive layer 150, and an electrically conductive layer 154 is formed over conductive layer 152.
Conductive layers 150-154 can be one or more layers of suitable electrically conductive material
deposited sisirg a pattesninganddepositian pracesssuchvasBVAY, 1CMD, sputtering,electrolytic
plating, anld %Iectroles%ol%tin : CondLictive layers 11510-%54 form a multi-lap{er metgllization pattern or
UBM inclii mglré%arﬁer Icay]é(r) efiveédn gaﬁgﬁbnkfgyers. n bfhe embodiment, conductive layer 154 is
an adhesiondaymer contaiainguAk TaCr N} or FWpeohductire layér 152 is adarHer layer containing
Ni, NIV, TIW, Crey, NIV, B or bk and. qonductive layer 150, is,an adhesion layer cqntaining Al, Ti, Cr,
TIN, or TIW. The top view of UBM 150-154 is similar to FIG. 4e. UBM 150-154 provides a low resistive
Interconriéctuas Well ad' abarier o Cu of koldediffision it lactive seefaeetEzs-1c Sn/Aprinsulating
or passivafion layer136 isstormeg,over condugtive layers 138-and YBM, 159-154:using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. The insulating layer 156 can be
one or mMoré {&yers of 5102USIN, él@ﬁﬁgé@&a&l@og?% other Miatetiat Ravifg SirhidFinsulating
and structutal qrepertiesr Arportion ©f pissdating. layen 1664s semeveddygn etehing:process to expose
conductive Jayer 138.in area 144 and a portion of UBM 150-154, similar to FIG. 4g. The insulating
layer 156" %gvér}saa@pérstiornec?f]ﬁ@ﬁ%l(éé- %@gﬁ? re%ginrlnr?gt (55r i—gh SFUBM igé-l‘%%}g%)?govered by
insulating dalyer 156, fornms thehrmg cemnpletehsarounousump Tétnatiomareant44. The insulating layer
156 Is thepoured.. ;o AL slectically conductive pume,material ds depasited oy, g 144 using

an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump
material €af PerAl Sh, NinAaCAgEPbCBR I tsolder! andcomiSinationd Merédt withban opfienal flux

solution. frgrexample sthebwop material can bepuigetic 5o/Rb,high-ead selder,onlead-free solder.

The bump material is bonded to conductive layer 138 and UBM 150-154 using a suitable attachment
or bonding Prdcess! fif one BHBSHiMENt, TRBBUTRP maRFalistefiGlved By RERIHY the material above
its melting:peint to-formrsphesical balls erhumps/AH8.d8:seme applicatipns, bempsntb8are reflowed a

second tlm% E(?L !lrgiprovTeheelectrgtcgl ggntglctc }':o (S:c%nductiveela er 138 and U%MS%B%- 54. Tge bumps can
also be compression bolded to coiTductive 1ayer 38 aRd %ﬁwaﬁ'ﬁlgi. BiMmps 158 Fétresent one
type of intércomnechstsuctoren that tcanche fdrimedseverrcanduetive layerr1i38and UBM 150-154. The
interconnl%cgé%}rgg}luggcc,@p §|SO. use stud .bumps, micro bgmps, cpnductive pillars, or other electrical
Interconnect. The circuitry on active surface 126 is electrically connected through Interconnect

pads 130a and 130b, RBL ¢38canid buntps B58 iy externdladeyides? Bumps 258 contdctyUBM

15_0'154¢%'Ph%@59_1?%i89&ﬁyqn3@%@ My Qi-nay Nt COBEACt HUMBS; $98. lgrany gase, delamination
of insulating layer 156 is no longer a reliability issue because the enclosing structure of UBM 150-154

around DRIMAES 158 $ndiftirs tHe 8dalds the tontadt YRteFraté hetrBeA Dumpd! 158 Gnti*conductive
layer 138, 1WBM.3p0-154Unereases reljakilitydsy preyestingdyoistire feom penetratipg ta 48 .

In any case, delamination of insulating layer 146 is no longer a
reliability issue because the enclosing structure of UBM 140-142
around bumps 148 maintains the seal of the contact interface
between bumps 148 and conductive layer 138. Conductive layer
140 is the barrier layer to inhibit Cu diffusion and conductive
layer 142 is the adhesion layer to form a moisture tight seal
against bumps 148. UBM 140-142 increases reliability by
preventing moisture from penetrating to the contact interface

between bumps 148 and conductive layer 138, which could cause

-17-



the contact interface between bumps 158 and conductive layer 138, which could cause oxidation and
weakening of the contact interface. UBM 150-154 reduces inspection rejection or failure of the device.
In another embodiment, continuing with the structure described up to FIG. 4c, photoresist layer 136 is
removed and an electrically conductive layer 160 is formed over conductive layer 138 around central
bump formation area 144 designated for later formation of interconnect bumps, as shown in FIG. 6. An
electrically conductive layer 162 is formed over conductive layer 160. Conductive layers 160-162 can
be one or more layers of suitable electrically conductive material deposited using a patterning and
depositiasxpracesssueh @aswRY Re €M, sputtetings elecirotyticyplatifig.cand elegtroless-plating.
Conductiv%#%%rs 160-162 form a multi-la}/er meta%igat_’l%r}gagg%gr Ugl\glincluding a barrier layer

1

r S Anspection rejegtion or e device.. .
between adhesion Ihye?s. none émpodiment, condictive layer is an adhesion layer containing Al,
Ti, Cr, TiN, or TiW, antércaonduictive |aydrcbOnisra: barrier tayericontainirig NheNivE it @r€u, NiV, Pt,
or Pd. UBM.160,,162 ngovﬂ%e% gdow gesisgiye interconnect, as.well as a batrier 10 Gy g, solder
diffusion into active surface 126. In one embodiment, UBM 160-162 is patterned and
depositedl 64 Fihgacbhiple el afGunts ofr3sSan eRelosingt Sttatreotith réspectadlsemp formation

area 144; Bump formation areasldd isthus centrabto, VBM 460:162. Alterpatively,,UBM 160-162 is

deposited over area 144 and then etched from area 144 to form the ring or enclosing structure.

An insul&tiiy O pasSivdtih EyEF164 %S frmet ofdr cOHdRICHva 15yers 188 8nd BBM1862162 and
substrate 426 using PVIyCVDe printing, 1Spin €oating,tspray toating 1sintermgror-theamal,exidation.
The insulatilggulg}{er 164_1L can be Qne or mdoraenlag/frs of 5i02 §I3N4, ION, Ta295, AIZOi%%r other

. Q 1ve la .1 a ectrica onduyctive.layer .
material ﬁavmg similar msfﬁ?a{;ung and Strticttiral propeﬁles. %\ b’or(f’lon of insulating Yayer is removed

by an etching proeessaosexposedondictive dayer 1880in areéarididcand a portiem of UBM1160-162. The

insmaﬂn@%ﬁyq&;6§ﬁ§tg%nﬁgpgilayers of suitable electrically conductive
material deposited using a patterning and deposition process
such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layers 150-154 form a multi-
layer metallization pattern or UBM including a barrier layer
between adhesion layers. In one embodiment, conductive layer
154 is an adhesion layer containing Al, Ti, Cr, TiN, or TiW;
conductive layer 152 is a barrier layer containing Ni, NiVv, TiW,
CrCu, NiV, Pt, or Pd; and conductive layer 150 is an adhesion
layer containing Al, Ti, Cr, TiN, or TiW. The top view of UBM
150-154 is similar to FIG. 4e. ©UBM 150-154 provides a low
resistive interconnect, as well as a barrier to Cu or solder
diffusion into active surface 126.

An insulating or passivation layer 156 is formed over
conductive layers 138 and UBM 150-154 using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.
The insulating layer 156 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. A portion of insulating
layer 156 1is removed by an etching process to expose conductive

layer 138 in area 144 and a portion of UBM 150-154, similar to
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An electrically conductive bump material is deposited over area 144 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni,
Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For example, the
bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 138 and UBM 160-162 using a suitable attachment or bonding process. In
one embodiment, the bump material is reflowed by heating the material above its melting point to form
spherical balls or bumps 166. In some applications, bumps 166 are reflowed a second time to improve
electricaFgantaetto conductive layer i3s3 and BN sl60-162 rEhe bgeyasican alsodmicampression

bonded to_conductive layer 138 and UBM 160-16 %u represent one type, of interconnect
Structure At can £ AT cORButiG Bye 148 mol UM 160062 THe e fonnect structure

can a_llso i;se@ad mmn;iaynhcr_d b&mp@pwad@d@apmars; @n@l_hae:reélgctatcahmweﬂcumpect. The
circuitry en aelive syriace 1265 electyjcally connected ”IYQ%P Integcqnneqt pads, 130a and 130b, RDL

138, and bumps 158 to external devices. The insulating layer 164 contacts bumps 166. However,
delamination of insulatifg ¥yt 64 st i lRWgEr Avielidbiliy Bske beeauses UBNMABO-$62

maintaing the sgakof the contactjnterface hetweendhumps 166.and candystive Jayer 138. UBM

160-162 increases reliability by preventing moisture from penetrating to the contact interface between

bumps 1864Hd- Earrduttive ayer 38 nticH cotild CAusEoKiTatBR ARt Weakering of the Coftact
Interfacen bizMd60-162 reducesaejectionser, faiture afithexdgvice;, Bi, dn,anaiheecembediment,
continuinﬁg with th structqcrﬁ descr];:ibegqyg to FIG. 4c, Bhgtlor%iigt Ia%gﬁ%it% is rem}gved and an

electrica )?Igoﬁ ac ﬁ/%nl%yer T76 75 fored over conduciive IayerﬁB as shown in FIG. 7. Conductive

layer 17@geverscconduetivetayencdli38; exteptfor centratbumpdofmation anegii4darkich is
designated for later formatign pf lnterconnect bumps. ﬁﬂngs'eﬁg' ally conguctiye layer 172 is formed

over conductive fayer 170. Conductive layers 170 and 172 can be one or more layers of suitable
electricalfypeondictive rhatttial Heposited UBMgla Patterhitg tnd depdsiticiprocess 3akRAstPVD,

CVD, sputteting,glacirolytic.plating, and glecteolgss; plating, C&F@%H%?'W@Eéﬁfgllﬁ?sform a
multi-layer metallization pattern or UBM including a barrier layer and adhesion layer. In one
embodintétt; e8Tductivenagér 170 I theGartiet flyet cotfaining NiS NIV FIWCErEUERIV OB or Pd.
Conductiverayerchi2 issthesadhesiginiayer sontainingAindi, L TINaer W, UBMAZ01582 provides a
low resistive Ir}teeﬁ%nne t, as well a{; a barrier to Cu or solde¥ diffusjion 5;“0 active surface 126.

An insulaatlrn% or passvf\?a ion Isa%(rj_mL 41 ¥5rmed STEFSoRaE i%%ylecr% 3AE UBM170-172 and

subsf[rat@dz_ﬁﬁmshing’VDa,xié\tDl@ﬂntmgi Sﬁﬁmwaﬂﬁg,@raymatibgn@aterm erltherial oxidation.
The insu tmgr'é‘!%ﬁ]%%‘.‘ Bé‘i%b.eedo%% OF [horg Jayers of 21Q2. $I3N4, Hl0N;\Ta20p, g&%‘?& or other

material having similar insulating and structural properties. A portion of insulating layer 174 is removed
by an etdhing pracessrersgosetcontictive fayer 138tiaraeaitdtand aysortion of UBMddD-172. That

is, the ingulating layer Lad-covgrs apartion of LBM B£0-172. The remainiag portien of UBM 170-172,
not covered by insulating layer 164, forms the ring completely around bump formation area 144. The
insMaﬂnd%ﬁﬁﬁ%ﬁQﬁ%QHeﬁEﬁﬁ&fure can also use stud bumps, micro bumps,

conductive pillars, or other electrical interconnect.

The circuitry on active surface 126 is electrically
connected through interconnect pads 130a and 130b, RDL 138, and
bumps 158 to external devices. Bumps 158 contact UBM 150-154,
although insulating layer 156 may or may not contact bumps 158.
In any case, delamination of insulating layer 156 is no longer a
reliability issue because the enclosing structure of UBM 150-154
around bumps 158 maintains the seal of the contact interface
between bumps 158 and conductive layer 138. UBM 150-154

increases reliability by preventing moisture from penetrating to
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An electrically conductive bump material is deposited over area 144 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni,
Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For example, the
bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 138 and UBM 170-172 using a suitable attachment or bonding process. In
one embodiment, the bump material is reflowed by heating the material above its melting point to form
spherical balls or bumps 176. In some applications, bumps 176 are reflowed a second time to improve
electricakeentachtosconductive fayer 138 ard &JBMdT9-152. Hael busps.car alsolkg e@empression

bonded onductive layer 138 and UBM 170-172. Bumps 176 represent one type of interconnect
Structure Tt oA B o R el byt SORGUEINE oy &7 138 b CFOBRE L70-172. The ‘MiEect structure
can also usesstid bamps]BHict® buiips, cedduetivel pitlars; or othereglectricahintercoamnécts e The
circuitry gn acfive surface 126 is electrically connected through interconnect pads 130a and 130b, RDL
138, and bumps 176 to external devices. Bumps 176 contact UBM 170-172, although insulating layer

174 may or may not céitattbbifs ET&A8 dry ¢ases detdminbtion of ifsulatng fayee 174¢s no longer
a reliabilify. isspehecayseUBM £70-472 maintaips the seakotthecontact interfacebefweenpumps
176 and conductive layer 138. UBM 170-172 increases reliability by preventing moisture from
penetratiiy o the %ﬁéct?ﬁ%%ﬁéb\é%é@ﬁ U176 ahardusibiiehce I&%’r%%%t Whfich could cause
oxidation age weakeningohiheonachinterfacer UBM (170142 eeduces inspection ajection or failure
of the device. ¢ V\/th.ile ong.or. more embodi qgts of the presgnt inventigﬁgavg beeAn illustrated in
detall, the SKiifed &rtiSan wiff a(|5prelcrllat(?i:'rtﬁa{1 modificatio %'an%lsa&aﬁgﬂoﬁél to those embodiments may
be madeawithoutideparting frodw thel scopepkbthelpresént inventidn aseset ¢orthlurr thiesfollowing claims.

(ja”nsvyg§%§(%%ﬂp?d:Conductive layers 160-162 can be one or more layers
of suitable electrically conductive material deposited using a
patterning and deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. Conductive
layers 160-162 form a multi-layer metallization pattern or UBM
including a barrier layer between adhesion layers. In one
embodiment, conductive layer 162 is an adhesion layer containing
Al, Ti, Cr, TiN, or TiW, and conductive layer 160 is a barrier
layer containing Ni, NiVv, Tiw, CrCu, NiV, Pt, or Pd. UBM 160-
162 provides a low resistive interconnect, as well as a barrier
to Cu or solder diffusion into active surface 126.

In one embodiment, UBM 160-162 is patterned and
deposited as a ring completely around, or as an enclosing
structure with respect to, bump formation area 144. Bump
formation area 144 is thus central to UBM 160-162.
Alternatively, UBM 160-162 1is deposited over area 144 and then
etched from area 144 to form the ring or enclosing structure.

An insulating or passivation layer 164 is formed over
conductive layers 138 and UBM 160-162 and substrate 120 using
PVD, CVD, printing, spin coating, spray coating, sintering or

thermal oxidation. The insulating layer 164 can be one or more
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1. A method of making a semiconductor device, comprising: providing a substrate; forming a first
conductive layer over the substrate; forming a first insulating layer over the substrate and first
conductive layer, removing a portion of the first insulating layer to expose the first conductive layer;
forming a second conductive layer over the first conductive layer and first insulating layer; forming
an under bump metallization (UBM) layer around a bump formation area over the second conductive
layer, the second conductive layer being exposed in the bump formation area,; forming a second
insulating layer over the UBM layer and second conductive layer; removing a portion of the second
insulating dayer over tize bampsfosmation arga ansba pprtioreobtheddBMlayerantkrial

having similar insulating and structural properties. A portion
of insulating layer 164 is removed by an etching process to
expose conductive layer 138 in area 144 and a portion of UBM
160-162. The insulating layer 164 is then cured.

An electrically conductive bump material is deposited
over area 144 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 138 and UBM 160-162 using a suitable attachment
or bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 166. In some applications, bumps 166
are reflowed a second time to improve electrical contact to
conductive layer 138 and UBM 160-162. The bumps can also be
compression bonded to conductive layer 138 and UBM 160-162.
Bumps 166 represent one type of interconnect structure that can
be formed over conductive layer 138 and UBM 160-162. The
interconnect structure can also use stud bumps, micro bumps,
conductive pillars, or other electrical interconnect.

The circuitry on active surface 126 is electrically
connected through interconnect pads 130a and 130b, RDL 138, and
bumps 158 to external devices. The insulating layer 164
contacts bumps 166. However, delamination of insulating layer
164 is still no longer a reliability issue because UBM 160-162
maintains the seal of the contact interface between bumps 166
and conductive layer 138. UBM 160-162 increases reliability by

preventing moisture from penetrating to the contact interface
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forming a bump over the second conductive layer in the bump formation area, the bump contacting the
UBM layer to seal a contact interface between the bump and second conductive layer. 2. The method
of claim 1, wherein forming the UBM layer includes: forming a third conductive layer over the
second conductive layer; and forming a fourth conductive layer over the third conductive layer, the
fourth conductive layer being in contact with the bump. 3. The method of claim 2, wherein the fourth
conductive layer includes a material selected from the group consisting of aluminum, titanium,
chromium, titanium nitride, and titanium tungsten. 4. The method of claim 1, wherein forming the UBM
layer incligleseen fotming adbird canduetive-layee overthe sendeonductive layerause

oxidation and weakening of the contact interface. UBM 160-162
reduces rejection or failure of the device.

In another embodiment, continuing with the structure
described up to FIG. 4c, photoresist layer 136 is removed and an
electrically conductive layer 170 is formed over conductive
layer 138, as shown in FIG. 7. Conductive layer 170 covers
conductive layer 138, except for central bump formation area 144
which is designated for later formation of interconnect bumps.
An electrically conductive layer 172 is formed over conductive
layer 170. Conductive layers 170 and 172 can be one or more
layers of suitable electrically conductive material deposited
using a patterning and deposition process such as PVD, CVD,
sputtering, electrolytic plating, and electroless plating.
Conductive layers 170-172 form a multi-layer metallization
pattern or UBM including a barrier layer and adhesion layer. 1In
one embodiment, conductive layer 170 is the barrier layer
containing Ni, NiVv, TiwW, CrCu, NiV, Pt, or Pd. Conductive layer
172 is the adhesion layer containing Al, Ti, Cr, TiN, or TiW.
UBM 170-172 provides a low resistive interconnect, as well as a
barrier to Cu or solder diffusion into active surface 126.

An insulating or passivation layer 174 is formed over
conductive layers 138 and UBM 170-172 and substrate 120 using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 174 can be one or more
layers of Si02, Si3N4, SiON, Taz205, Al1l203, or other material
having similar insulating and structural properties. A portion
of insulating layer 174 is removed by an etching process to
expose conductive layer 138 in area 144 and a portion of UBM
170-172. That is, the insulating layer 164 covers a portion of
UBM 170-172. The remaining portion of UBM 170-172, not covered
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forming a fourth conductive layer over the third conductive layer; and forming a fifth conductive
layer over the fourth conductive layer, the fifth conductive layer being in contact with the bump. 5. The
method of claim 1, wherein the second insulating layer contacts the bump. 6. The method of claim 1,
wherein the UBM layer covers the second conductive layer outside the bump formation area. 7. The
method of claim 1, further including forming a seed layer over the first conductive layer and first
insulating layer prior to forming the second conductive layer. 8. A method of making a semiconductor
device, comprising: providing a substrate; forming a first conductive layer over the substrate; forming a
first insulafingdayar-ovietdhe sybstrate, forms the ring completely around bump

formation area 144. The insulating layer 174 is then cured.

An electrically conductive bump material is deposited
over area 144 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 138 and UBM 170-172 using a suitable attachment
or bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 176. In some applications, bumps 176
are reflowed a second time to improve electrical contact to
conductive layer 138 and UBM 170-172. The bumps can also be
compression bonded to conductive layer 138 and UBM 170-172.
Bumps 176 represent one type of interconnect structure that can
be formed over conductive layer 138 and UBM 170-172. The
interconnect structure can also use stud bumps, micro bumps,
conductive pillars, or other electrical interconnect.

The circuitry on active surface 126 is electrically
connected through interconnect pads 130a and 130b, RDL 138, and
bumps 176 to external devices. Bumps 176 contact UBM 170-172,
although insulating layer 174 may or may not contact bumps 176.
In any case, delamination of insulating layer 174 is no longer a
reliability issue because UBM 170-172 maintains the seal of the
contact interface between bumps 176 and conductive layer 138.
UBM 170-172 increases reliability by preventing moisture from
penetrating to the contact interface between bumps 176 and
conductive layer 138, which could cause oxidation and weakening

of the contact interface. ©UBM 170-172 reduces inspection
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forming a second conductive layer over the first conductive layer and first insulating layer; forming
a multi-layer metallization pattern around an interconnect formation area over the second conductive
layer, the second conductive layer being exposed in the interconnect formation area; forming a
second insulating layer over the multi-layer metallization pattern and second conductive layer outside
the interconnect formation area; and forming an interconnect structure over the second conductive
layer in the interconnect formation area. 9. The method of claim 8, wherein forming the multi-layer
metallization pattern includes: forming a third conductive layer over the second conductive layer;
and foeming a dourth conductive layer vertheitbird conductive layer, the fourth conductive layer
being in contact with t@g ltheerconnect structure,

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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10. The method of claim 9, wherein the fourth conductive layer includes a material selected from the
group consisting of aluminum, titanium, chromium, titanium nitride, and titanium tungsten. 11. The
method of claim 8, wherein forming the multi-layer metallization pattern includes: forming a third
conductive layer over the second conductive layer; forming a fourth conductive layer over the third
conductive layer; and forming a fifth conductive layer over the fourth conductive layer, the fifth
conductive layer being in contact with the interconnect. 12. The method of claim 8, wherein the
interconnect structure includes a bump. 13. The method of claim 8, wherein the multi-layer
metallization pattern covers the second conductbzealiwer outside the interconnect formation area. 14.
The method of claim 8, further including forming a seed layer over the first conductive layer and first
insulating layer prior to forming the second conductive layer.

What is claimed:

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

providing a substrate;

forming a first conductive layer over the substrate;

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

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

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

forming an under bump metallization (UBM) layer around a
bump formation area over the second conductive layer, the second
conductive layer being exposed in the bump formation area;

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

removing a portion of the second insulating layer over the
bump formation area and a portion of the UBM layer; and

forming a bump over the second conductive layer in the bump
formation area, the bump contacting the UBM layer to seal a

contact interface between the bump and second conductive layer.

2. The method of claim 1, wherein forming the UBM layer
includes:

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

forming a fourth conductive layer over the third conductive
layer, the fourth conductive layer being in contact with the

bump.
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15. A method of making a semiconductor device, comprising: providing a substrate; forming a first
conductive layer over the substrate; forming a multi-layer metallization pattern around an interconnect
formation area over the first conductive layer; forming a first insulating layer over the multi-layer
metallization pattern and first conductive layer outside the interconnect formation area; and forming
an interconnect over the first conductive layer in the interconnect formation area.

3. The method of claim 2, wherein the fourth conductive layer
includes a material selected from the group consisting of
aluminum, titanium, chromium, titanium nitride, and titanium

tungsten.

4. The method of claim 1, wherein forming the UBM layer
includes:

forming a third conductive layer over the second conductive
layer;

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

forming a fifth conductive layer over the fourth conductive
layer, the fifth conductive layer being in contact with the

bump.

5. The method of claim 1, wherein the second insulating layer

contacts the bump.

6. The method of claim 1, wherein the UBM layer covers the

second conductive layer outside the bump formation area.

7. The method of claim 1, further including forming a seed
layer over the first conductive layer and first insulating layer

prior to forming the second conductive layer.

8. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first conductive layer over the substrate;

forming a first insulating layer over the substrate;
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16. The method of claim 15, further including: forming a second conductive layer over the
substrate prior to forming the first conductive layer; forming a first insulating layer over the substrate;
and forming a seed layer over the first conductive layer and first insulating layer. 17. The method
of claim 15, wherein forming the multi-layer metallization pattern includes: forming a second
conductive layer over the first conductive layer; and forming a third conductive layer over the
second conductive layer, the third conductive layer being in contact with the interconnect.

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

forming a multi-layer metallization pattern around an
interconnect formation area over the second conductive layer,
the second conductive layer being exposed in the interconnect
formation area;

forming a second insulating layer over the multi-layer
metallization pattern and second conductive layer outside the
interconnect formation area; and

forming an interconnect structure over the second

conductive layer in the interconnect formation area.

9. The method of claim 8, wherein forming the multi-layer
metallization pattern includes:

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

forming a fourth conductive layer over the third conductive
layer, the fourth conductive layer being in contact with the

interconnect structure.

10. The method of claim 9, wherein the fourth conductive layer
includes a material selected from the group consisting of
aluminum, titanium, chromium, titanium nitride, and titanium

tungsten.

11. The method of claim 8, wherein forming the multi-layer
metallization pattern includes:

forming a third conductive layer over the second conductive
layer;

forming a fourth conductive layer over the third conductive

layer; and
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18. The method of claim 15, wherein forming the multi-layer metallization pattern includes: forming
a second conductive layer over the first conductive layer; forming a third conductive layer over the
second conductive layer; and forming a fourth conductive layer over the third conductive layer, the
fourth conductive layer being in contact with the interconnect. 19. The method of claim 15, wherein
the interconnect includes a bump. 20. A semiconductor device, comprising: a semiconductor die; a
first conductive layer formed over the semiconductor die; a first insulating layer formed over the
semiconductor die; a second conductive layer formed over the first conductive

forming a fifth conductive layer over the fourth conductive

layer, the fifth conductive layer being in contact with the

interconnect.

12. The method of claim 8, wherein the interconnect structure

includes a bump.

13. The method of claim 8, wherein the multi-layer
metallization pattern covers the second conductive layer outside

the interconnect formation area.

14. The method of claim 8, further including forming a seed
layer over the first conductive layer and first insulating layer

prior to forming the second conductive layer.

15. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first conductive layer over the substrate;
forming a multi-layer metallization pattern around an
interconnect formation area over the first conductive layer;
forming a first insulating layer over the multi-layer
metallization pattern and first conductive layer outside the
interconnect formation area; and
forming an interconnect over the first conductive layer in

the interconnect formation area.

16. The method of claim 15, further including:
forming a second conductive layer over the substrate prior
to forming the first conductive layer;

forming a first insulating layer over the substrate; and
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layer and first insulating layer; a multi-layer metallization pattern formed around an interconnect
formation area over the second conductive layer; a second insulating layer formed over the
multi-layer metallization pattern and second conductive layer outside the bump formation area; and
an interconnect structure formed over the second conductive layer in the interconnect formation area.
21. The semiconductor device of claim 20, further including: a third conductive layer formed over the
second conductive layer; and a fourth conductive layer formed over the third conductive layer, the
fourth conductive layer being in contact with the interconnect structure.

forming a seed layer over the first conductive layer and

first insulating layer.

17. The method of claim 15, wherein forming the multi-layer
metallization pattern includes:

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

forming a third conductive layer over the second conductive
layer, the third conductive layer being in contact with the

interconnect.

18. The method of claim 15, wherein forming the multi-layer
metallization pattern includes:

forming a second conductive layer over the first conductive
layer;

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

forming a fourth conductive layer over the third conductive
layer, the fourth conductive layer being in contact with the

interconnect.

19. The method of claim 15, wherein the interconnect includes a

bump .

20. A semiconductor device, comprising:
a semiconductor die;
a first conductive layer formed over the semiconductor die;
a first insulating layer formed over the semiconductor die;
a second conductive layer formed over the first conductive

layer and first insulating layer;
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22. The semiconductor device of claim 20, further including: a third conductive layer formed over the
second conductive layer; a fourth conductive layer formed over the third conductive layer; and

a fifth conductive layer formed over the fourth conductive layer, the fifth conductive layer being in
contact with the interconnect structure. 23. The semiconductor device of claim 20, wherein the
interconnect structure includes a bump. 24. The semiconductor device of claim 20, wherein the
multi-layer metallization pattern covers the second conductive layer outside the interconnect formation
area. 25. The semiconductor device of claim 20, further including a seed layer formed over the first
conductive layex anglifirst nsutatingdayer praentoderming therseconaeepndustive layer.

interconnect formation area over the second conductive layer;

a second insulating layer formed over the multi-layer
metallization pattern and second conductive layer outside the
bump formation area; and

an interconnect structure formed over the second conductive

layer in the interconnect formation area.

21. The semiconductor device of claim 20, further including:

a third conductive layer formed over the second conductive
layer; and

a fourth conductive layer formed over the third conductive
layer, the fourth conductive layer being in contact with the

interconnect structure.

22. The semiconductor device of claim 20, further including:

a third conductive layer formed over the second conductive
layer;

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

a fifth conductive layer formed over the fourth conductive
layer, the fifth conductive layer being in contact with the

interconnect structure.

23. The semiconductor device of claim 20, wherein the

interconnect structure includes a bump.
24. The semiconductor device of claim 20, wherein the multi-

layer metallization pattern covers the second conductive layer

outside the interconnect formation area.
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25. The semiconductor device of claim 20, further including a
seed layer formed over the first conductive layer and first

insulating layer prior to forming the second conductive layer.
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