SEMICONDUCTOR DEVICE AND METHOD OF FORMING A DUAL UBM STRUCTURE FOR LEAD

FREE BUMP CONNECTIONS Field of the Invention The present invention relates in general to

semiconductor devices and, more particularly, to a semiconductor device and method of forming a dual

under bump metallization (UBM) structure for lead free bump connections. Background of the Invention

Semiconductor devices are commoﬁ‘r:lg found in modern electronic groducts. Semiconductor devices vary
I

in the numBEMSHERRASTYBr Be¥dfchl S0 ptificHED DRt &N o Ad B &Rt £ §BTEEHF Eontain
one type of electrical component?g}ﬁ.,ﬁ@ﬁemﬁg%%@e &%ﬁg%%gnal 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
(CODs), solar cells, and digital micro-mirror devices (DMDSs).

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a dual under bump metallization

(UBM) structure for lead free bump connections.
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 signal processing, 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, intflstidl RORtrbRersIaMd SRt ePsqUipBne W19e SHificoAductor devices exploit

the electrical praperties ot semicondystor matetalss The atomig-stejcture of semicarduster, material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through thé PreEess of ity Bépifig TtfotLtes fhpaRfes ntd the’séitbiductor hidtéraitd
manipulatg andcontrel theconductivitysefdhe semiconductargdayviees elect A semicongtator device
contains active and passive electrical structures. Active structures, including bipolar and field effect
transistors’ conttOIThe HoWrdf SeGricicurEnt TBY vafying Ve of dopig diid application of an electric
field or basencursent, theotransistor eithar-profates of restrietsthe flow effelecttiealcurrentnPassive
structures, includi.ne resistors, c%pacitors, and inductors, create a relationsgjcp between voltage and

current nggénéns%rrl)} o Béﬁgrsn’l apvavﬁee‘?y of é]l‘é%trrl%éﬂbhcﬁg%sw. %]%Spascs?\anéo and active Structures are

electricallycconmeete dotoddrm toircuits,amhich miablecthedsemicenducter deévice fwperdorim high-speed

calculatlonslantdac%theg Uﬁ%fm futnctlons. .Semlcgn uctor devices are sqggcje_ga{ly manufactured using

Wl 1 lﬁ tﬁ Ications, .aviation, , automotive, indu
two compiex manurac Nng Processes, I.e., ront-end

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 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 individual die from the finished wafer and
packaging the die to provide structural support and environmental isolation. _ One goal of
semicondtitter Mahbfatiifingis do Produc Shafer dethicBhdictor 6vites:"Siallértfevices typically
consumedegss pewel, naviehighersperfarmanse s and £ap he-preduged nrereefficiently: A addition, smaller
semiconductor devices have a smaller footprint, which is desirable for smaller end products. A smaller die
size can b8achRVEa by mhprovémBhishia the Fronfefd protessiestithg i Qiekith smaller, higher
density agtive and passive craRonents Backsend processasapysresdle irsericoaddctor device
packages with a smaller footprintd%)~| improvements in electrical interconnection and packaging materials.
One comTaH EARIGULST THETcaridbing &'semEoRada0r b Witk BBrhidtPcfelit Boardbt oter
device inpalyes the usempbseldes bumpscklent shews aconventional polyimide everduBi-(BQU) solder
bump structure 1Q. An electrically conductive layer 14 is formed over an active surface of semiconductor
woter 1201 SpALTas S38 ot is. WS E5 s FApEaeirthr T SIARS cota o) An
insulatiorroprpassivatiomnilayer 8 issfiopmed ovensemicondoctor wafér 12 ahdtconductive layer 14. A
portion of insulating layer 16 is removed by.an etchi rocess to expase a portion of conductive layer 14.
Partially formed POU s)@bectl%%al?o Sr%/desrag{ég %I}ﬁlsltcggc?%bg]egrnc éoaar%t,&lﬁ éfé%trf‘c%llg:/ %oﬁaagﬁlv%elayer or
sputterecsUBM ¢8 iss formedrovet iisulationtlager 16 and lcondudtive. layer 1A eickey (Ni) UBM or
electrically candctive layes 20s formeg over and confoumally apalied ig condclive Bygfil Lo operate
as a bump pad for a later formed bump. Partially formed POU structure 10 undergoes a second scrubber
clean. A lagerofpdlyiniide serves d$ran desulativn ospasshationdayer 2z wihicls isfformed Dver
conductive;layer, 18 and Ni,UBM 20, The polyimide is coaied; aligned, deyeloped, cyred,,de-scumed, acid
cleaned, and baked before dry film resist (DFR) laminating. An opening in insulation layer 22 is formed
over Ni UBMP0: The DER 8 abdifatediiovet idsul&tioh Ryer 22 BndafeR undBRjoesaitedde finse,
alignment,polyethylene terepthalates(PEILremaval, develapment, firstderscum, hardihake, and second

de-scum. Solder material is plated over of Ni UBM 20 and within an opening in the DFR layer. The DFR is
stripped, PrasTHA Bsh & AFSlicth NiRFEN P0Ris €lEmsd) entipartiBRFKorRplétéd PERF Sdctlife’ 10
undergoes:a third scrubber clgan A flux cgating is appliegtodhe plated selder naaterial, epd the solder
material is reflowed to form spherical ball or bump 24, which is formed over and electrically connects to Ni
UBM 20.he d&Aice GigErgdes a MAEAEAN Bump MéEdstirement ‘did i vistiakRidpBetion (FVI)
resulting 4 POM strdcture 10. Conventional POU structures like POU structure 10 Include a risk of tin
(Sn) from bump 24 traveling along a side wall of Ni UBM 20 to react with UBM copper (Cu) to form an
inter metallic compoundINEP™TON LB GHGWE & cIhvehioRA HPotyifidé and lead free bump
structure 28n Arceleciticalty carductive layes:32nisdarmed overamastive surfacenefrsemiconductor wafer
30 and operates as a contact pad, Wafer 30 is Inspected for. 1QC. insulation or passivation layer 34 is
formed 048 SO E BT Etor St 30 a1 COEITLS Sideial of boRUEIV I EP S ARy formed
bump strocture 28 dmdergoesuaKcrubbe) cleahdnd islaked tAdayearof polyimidenserves as an insulation
or passiva&i%rg: éq_yeé g,fland (i)sn @émgdv%ve{ acl:ongucitiélveilay r \’13:% ggd(i)nseulationn Igggri \% The polyimide is
coated, a%gne , deve oﬁ’ecf cured, dle-scumé/(i ard acid cfeaned suchthafa portion of conductive layer
32 is expesed.cAr eteCtrically conductiverlayer 88 islformeddver and wonfermally apptied to a portion of
conductive layer 32 and a portion .of insulation layer 36..In.one embodiment, conducti yer 38 is
sputterectp %gdperﬁfae%g a UBMfor Ssré’t%?%&ﬁe%gﬁunﬁﬁ%%ha?fcﬁéég %)F% o%brﬁl%rreogygr%% )tiianium (T,
Cu, and Wi Thesdehddel thenamdergees’a strubbkr viean] and s DPRayecigdaminated over insulation
layer 36 and, conductive Jayer 38, The-DER jayer.undergoes ag edge beam jinse, alignmeryt, PEI removal,
development, first de-scum, hard bake, and second de-scum. Solder material is plated over conductive
layer 38 amd withiniaw opering in the PRReBgERTHeYDER is 'stlippedl, ebadaectivetiayérB® cetehed, and
the devicg lindergoesca thig;scrubber ¢legn, a first nitpagen: gas (N2)freatment:2 second.giching, a
fourth scrubber clean, a hard bake, and an oxygen gas (02) plasma treatment. A flux coating is applied to
the plated SoléR? Pratefial, and He Sokier widteralds Feffowed td HASPhEFiRAIDAIFGMISHRB ¥0S which is
formed over and electrically connects to conductive layer 38. The device then undergoes a flux clean, a
second N2 treatment, bump measurement, a fifth scrubber clean, and FVI resulting in the polyimide and

lead free bump structure 28. 4



Concerns regarding the reliability of solder joints are more acute for flipchip bonding with lead free solder,
such as those presented in FIGs. 1 and 2. Lead free solders include Sn-based alloys with Cu and silver
(Ag) which have higher melting points than traditional eutectic SnPb solders. The higher temperatures
and higher Sn concentrations lead to more severe reactions between the SnPb solders and the UBMs
which can lead to excessive INC formation that may cause dewetting on the UBM and result in weak
solder joinfs! SunthafPoitheliRdertidh 18 15 AMeBaexiststo improva sotderiGne reliabilify fbr lead
free bumpseaneetians. Acgerdingly, inzoneiembodiment, thevpreseatinventionsis a,method of making a
semiconductor device comprising the steps of providing a substrate with a contact pad, forming a first
insulatior?%‘glg}l85é‘rvt?1els%%§ﬁa1%0aﬁ(f cépﬁfé@?Sa(?,vf%ﬁn%da firgt UBMDVLY tiPfivst Mdulating layer and
electricallyconnectedstoltheconiact pado fosrming asecand ingylation layer everdbe firstdBMd and
forming a second UBM qver the second insulation layer after the second insulation layer is cured. The
second pelectﬁ@é]ﬁll@o%h ct g 1Re firstUBM SR that Eh% élélc%%ﬁqﬁ?lﬁaﬁoﬁc’ ?a%é?ﬁjs between and
separates pottignsrofdhe first and Secpad WBMsoThe miethod durtleer ineludes thessteps of foraing a

photoresist layer over the.second UUBM and removing a portion of the photoresist layer to form an opening
i the oG oINS b e cortack JAd. Hegbsine & SoRdarive BUmE FtBriaf itin Ihe opening i

the photaresistilayggNemovingthe photoresistitayes, renoving a petipherdl potionlofithe second UBM
such that the condyctive bump material averhangs the second UB moving a petipheral partion of the
first UBMcéllfc%%hatg%esscélc%en%’ingﬁéﬁoﬁ: \Faeyae?%%érhaa%%s% e %%st%gl\g/l?gn§ J?Ié/ﬂovefmg the conductive
bump maté¥id to fermi asphedical Bumprening |hranotherlernbodimentsthetesentfinvenstidn is a
method of making a-semisgnducior. deyice gomprising.the teps.of Aroviding & sybstiate, with a contact
pad, forming a first UBM over the substrate and electrically connected to the contact pad, forming an
insulatiorilayet bear thedisAIBN, FornsiAg @ sedond UBNMiasrehe insedatichtiayéicalter the insulation

layer is cuced. apd Jouniod BymP.ues e seennib B e seaandUBM glegtically ggnnects to the

first UBM such that the second insulation layer separates portions of the first and second UBMs.

In anothé?&nthodifént IRe prestt FiEhtion 38 adfhéthea (G making a sehie8Ad@cte dévicd tomprising

the stepsghprovidinga substrate yith,g caniact padformingea figsf44BM over the-gubstrate and
electrically connected to the contact pad, forming an insulation layer over the first UBM, forming a second
UBM ovet the Risetationiaysicaftetthé instititiorfrayeMNis df&d, ahd-formirty'a Bunid 6ver the second

UBM. partially completed POU structure 10 undergoes a third scrubber
clean. A flux coating is applied to the plated solder material,
and the solder material is reflowed to form spherical ball or
bump 24, which is formed over and electrically connects to Ni
UBM 20. The device undergoes a flux clean, bump measurement,
and final visual inspection (FVI) resulting in POU structure 10.
Conventional POU structures like POU structure 10 include a risk
of tin (Sn) from bump 24 traveling along a side wall of Ni UBM
20 to react with UBM copper (Cu) to form an inter metallic
compound (IMC).

FIG. 2 shows a conventional polyimide and lead free
bump structure 28. An electrically conductive layer 32 is
formed over an active surface of semiconductor wafer 30 and
operates as a contact pad. Wafer 30 is inspected for IQC. An

insulation or passivation layer 34 is formed over semiconductor



In another embodiment, the present invention is a semiconductor device comprising a substrate with a
contact pad. A first UBM with an area larger than an area of the contact pad is formed over the substrate
and electrically connected to the contact pad. An insulation layer is formed over the first UBM. A second
UBM is formed over the insulation layer and electrically connected to the first UBM such that the
insulation layer is between portions of the first and second UBMs. A bump is formed over the second

UBM. Bri&t5escriptiBn of i Brswings FIeIe ifustratds & CoRv&itioral Etrdéture; FIG. 2
illustrates-a conyentionad palyimisienwith teadfrea solder stidetdiies a sddGpBdiusinatesa printed

circuit board (PCBZ}WIth dlfferent tg}p/)g? o(g Pagléa%elsmrfggntseedrtg e|tss. %usrfaé:rtle insulation or
passivation layer 36, and is formed over conductive layer 32 and
insulation layer 34. The polyimide is coated, aligned,
developed, cured, de-scumed, and acid cleaned such that a
portion of conductive layer 32 is exposed. An electrically
conductive layer 38 is formed over and conformally applied to a
portion of conductive layer 32 and a portion of insulation layer
36. In one embodiment, conductive layer 38 is sputtered to
operate as a UBM for a later formed bump and includes one or
more layers of titanium (Ti), Cu, and Ni. The device then
undergoes a scrubber clean, and a DFR layer is laminated over
insulation layer 36 and conductive layer 38. The DFR layer
undergoes an edge beam rinse, alignment, PET removal,
development, first de-scum, hard bake, and second de-scum.
Solder material is plated over conductive layer 38 and within an
opening in the DFR layer. The DFR is stripped, conductive layer
38 is etched, and the device undergoes a third scrubber clean, a
first nitrogen gas (N2) treatment, a second etching, a fourth
scrubber clean, a hard bake, and an oxygen gas (02) plasma
treatment. A flux coating is applied to the plated solder
material, and the solder material is reflowed to form spherical
ball or bump 40, which is formed over and electrically connects
to conductive layer 38. The device then undergoes a flux clean,
a second N2 treatment, bump measurement, a fifth scrubber clean,
and FVI resulting in the polyimide and lead free bump structure
28.

Concerns regarding the reliability of solder joints

are more acute for flipchip bonding with lead free solder, such

as those presented in FIGs. 1 and 2. Lead free solders include



FIGs. 4a-4c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 5a-51 illustrate a dual UBM structure; and FIG. 6 illustrates an alternate embodiment of the dual
UBM structure. Detailed Description of the Drawings The present invention is described in one or
more embodiments in the following description with reference to the figures, in which like numerals
represent the same or similar elements. While the invention is described in terms of the best mode for

achieving thePiRvéftichis 8B ctive<! it Will e apprétiated By thabe SkildfihtnB 53t At it is intended to
cover alteratives; medifieationsa and eguivalents asdnay be inclydedwibingtbe spiritang scope of the
invention as defined by the appended claims and their equivalents as supported by the following
msdoaﬂgﬁﬁ%ﬁﬁa gratures and higher Sn concentrations lead to more

severe reactions between the SnPb solders and the UBMs which can

lead to excessive IMC formation that may cause dewetting on the

UBM and result in weak solder joints.
Summary of the Invention

A need exists to improve solder joint reliability for
lead free bump connections. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of providing a substrate with a contact
pad, forming a first insulation layer over the substrate and
contact pad, forming a first UBM over the first insulating layer
and electrically connected to the contact pad, forming a second
insulation layer over the first UBM, and forming a second UBM
over the second insulation layer after the second insulation
layer is cured. The second UBM electrically connects to the
first UBM such that the second insulation layer is between and
separates portions of the first and second UBMs. The method
further includes the steps of forming a photoresist layer over
the second UBM and removing a portion of the photoresist layer
to form an opening in the photoresist layer over the contact
pad, depositing a conductive bump material within the opening in
the photoresist layer, removing the photoresist layer, removing
a peripheral portion of the second UBM such that the conductive
bump material overhangs the second UBM, removing a peripheral
portion of the first UBM such that the second insulation layer
overhangs the first UBM, and reflowing the conductive bump

material to form a spherical bump.



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 8feetritar c6MBBREME Suctt 48 cRpAGHIIS, inBuGDFs: 98sistors and
transformgss nergatera relatioRship betweemveltage-are curenidiegessannig pertorarelgstrisal circuit
functions. . .. Passive and active components are formed over the surface of the semiconductor
wafer by B'<8fied gt ProcetEiEp it dting ddphy” H8FEsiBaN. pHotoitiGgraphy -&tchingE dnd
planarizatioarDepingdntseducesd mpidities dtothe semjcenductordaatetial by éechniguestsuch as ion
implantation or thermal diffusion. The doping process modifies the electrical conductivity of semiconductor
material IRActive Yebides, ﬁgn%ﬁ‘ﬁﬁw the'SenTiéShdUtISr matstial ﬁg%nqﬁgula%??@ ctor, or
dynamicallycchamgirgMhevsemicarductenmaterial coaductivitytir responserioareelectric fiejcor base
current. T.ransistoré cogtnaén %egri%qs of var, inlgptyggs ang}gegrees cr)ltjd%rg&g arrﬂqged as necessary to

enable the transistof to promc?te or réstrict the flow of eleciricar current upon the app?l%gtlon of the electric

field or b&se/cerfentt r i cal l Activeand passive tdomponests BRMfosmed byhlayertshaf materiats with
different eIecH'@anCQrorpe{ties. The Iaéers can be fqtrmed by 2 vggetyf()lf dsepoggié)n Stg%%rrq ues determined

in part bylt%% type o?maté‘jﬁ/aﬁ]i:)e“‘l:'neé3 éi)‘jé:seltsedf.D For é)%gr%pi)e, thin film dreposmon can involve chemical

vapor dep®&sition (CVD), physical vapor deposition (PVD), electrolytic plating, and electroless plating
processes. Each layer s, generally patterned.to form p@ﬁt'éorgr%fsaqulye £ompanents, passive components,
14 h M

or electrical connections between components. The layers can be patterned using
photolith&grabhy, Wwhichdfidlge sthecdepositibrcdfdightsEnsitive mzterdal lag. the steps of

providing a substrate with a contact pad, forming a first UBM
over the substrate and electrically connected to the contact
pad, forming an insulation layer over the first UBM, forming a
second UBM over the insulation layer after the insulation layer
is cured, and forming a bump over the second UBM.

In another embodiment, the present invention is a
semiconductor device comprising a substrate with a contact pad.
A first UBM with an area larger than an area of the contact pad
is formed over the substrate and electrically connected to the
contact pad. An insulation layer is formed over the first UBM.
A second UBM is formed over the insulation layer and
electrically connected to the first UBM such that the insulation
layer 1is between portions of the first and second UBMs. A bump

is formed over the second UBM.



photoresist, over the layer to be patterned. A pattern is transferred from a photomask to the photoresist
using light. In one embodiment, the portion of the photoresist pattern subjected to light is removed using a
solvent, exposing portions of the underlying layer to be patterned. In another embodiment, the portion of
the photoresist pattern not subjected to light, the negative photoresist, 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 Iayg.I ARENPRRERBEHRYYBEs bPMASANL RS 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 exadgerate Helﬁﬁ&é‘ﬁ%ﬁgc’ pattEM AT Eredté a Moncuriitdriiy fatf<urface. A uniformly
flat surface is required ia producelsmaleranssmeare-dernsely packed aetiveiandipassive cosyponents.
Planarizaéion can he used to remove material from the surface of the wafer and produce a uniformly flat
surface. PlanariZ&tio efﬁvSR/]é%%%ﬂgﬁihg the surface of the wafer with a polishing pad. An abrasive
material and corrosive themical are added te thessyrfdce-etthe wafet dukiag palisteng.) The eambined
mechani%ﬁl Pgtion o{t e abrasivg and %orrosive acti%n 8f tche chﬁemical removes any irregular topography,
resulting ina u%ﬁ%Pmly ot strface P2 9 Backien %anu?ac]tuﬁnﬁlrlé: e?scteo’cutting or singulating the
finished wafer into the indiadudadid and thers paskaging thedie foe strudtucel support and environmental
isolation.rTGO §igglélg e Ichevgie thrgivg%feélilsci%orred ar dabrgléen glllonnge%ont-fountclzligngld'ggions of the wafer
called saw Streets or Scribes. SI' e wafer is smgul%te using a laser cutting tool or  saw blade. After
singulation, the individidlie abe nfountéd tsa patkage substratehattinolades pinsodcontact pads for
interconnection with othetsystemgamponents. Gontaet pads,formed, over the, semicanductar die are then
connected to contact pads within the package. The electrical connections can be made with solder
bumps, stifdbaimpscearductive 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 compondift§ailed Degcniptdipireselddt®MEa®iBgS0 having a chip carrier
substrate or PCB 52 with a plurality of semiconductor packages mounted on its surface. Electronic device

50 can have one type gfserpicaaductor package, Qr Multiple dynes-of semisandugtor,packages,

depending on the application. The different types of semiconductor 1E)ac:kages are shown in FIG. 3 for
pwpose§%ﬁ@ﬁﬁﬁﬁ%ﬁ? 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



Electronic device 50 can be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 can be a subcomponent of a larger system.
For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be
a graphics card, network Interface card, or other signal processing card that can be Inserted into a
computer: TheEemitBRAGCIBP Backale tant fritfude micrdproces$6is Hfenforiest Bppidation specific
integrated sipuits: (ASIC) slegic Cikcuits aarale sirsuits, Ri ciseuits, discretetdavicasi ok othefo
semiconductor die or electrical compaonents. Miniaturization and weight reduction are essential for these
products 6 BEEeteplEd By e Market SFAE ditnce Betiebn semitsndictbr §&ices must be decreased
to achievedngherdensjtysuch aslndalés 8i PGB 52 pravides agenesalisubstraie faf@tructural support
and electrical interconnect of the semiconductor ackﬁsa es mounted on the PCB. Conductive signal traces
54 are fothad dveF Ashiffacs or Withirf Iaji/%ﬁsagfl cB usgl%%%%Boya?i%ﬁ?%%cﬁ%@tig%ﬁiﬁ{bt, electroless
plating, soresssprinting; or pthef suitablecnetal depositien ptacessnSighahtraces 54 provide for electrical
communication betweﬁa%%ch of thgdsea%igon%ucéggna%%ck&gt_‘eg, leémtfeod %%rgpgn%nts nd other external
system components. races 54 afso providévpower nd ground ConNEctions to each of the semiconductor
packagesiurface InSonieembodiments ca semicdructor devicerhas tved packagisg levets First level

packaging 5 a tgchniqge for mec anicallytand elecgicgllx a{tﬁ\ching tge sen]Cic%n.ductor di%to an
intermediate carrier. second Ietel gfc %glnlgoi%\’/oﬁeg mec anloc%rlly%n%’eIgctﬁcéﬁféttg&|ng the

intermed'[al@_nam'ex at ﬂwpp@m@mrmm@m, Mitbﬁd@cténgevitéemay only have the first
level packaging where dhe d%?a@é?‘%%'la%%a'lé’e%]ﬁﬁ'&ﬁ'é'&ag%%?ué‘éeqSKeS tpthe RGB, o,  For

the purpose of illustration, several types of first level packaging, including bond wire package 56 and
flipchip 58harenshovwh 68 PGR 52, AdlRioAally; severd tfses 6fcstcbhd deviel packagihg Lineliding ball

grid ?L”%@%&@%@&I\%P&PQ%@H@B&%@@ 62, flualipline package (PLP)£4, Jand grid array (LGA) 66,
multi-chip module (MCM) 68, quad flat nonleaded package (QFN) 70, and quad flat package 72, are

shown mbaARH ST POB52 Besaiting UPOA the sPsteft retjbirehiehts tany compBiRation of
semicondugter packages, copfigurad with.anyicamaingtion, of fitst and secend Jevel packaging styles, as
wel conductivity in response to an electric field or base current.

Transistors contain regions of varying types and degrees of

doping arranged as necessary to enable the transistor to promote

or restrict the flow of electrical current upon the application

of the electric field or base current.

Active and 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 can 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.,



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 chédper CoftponentSHAdT aldtreahflifed hanbfacRitingS5roeess. Thereshitihg devices are less

likely to faik and fessrexpensiie t9 panufastiue resulting inoalowercost forgonsymersht . 1oFIGs.
4a-4c show exemplary semiconductor packages. FIG. 4a lllustrates further detail of DIP 64 mounted on

PCB 52. 3&MmiEBRICtSiTdiE 744REIU0RE B Attivé regionbhtanhing dial&g bf digtaltifelfitsifplemented
as activetdeviceshpassive devices, eondugtive layersrand diglestinlqyers-foimed withint the die and are
electrically Interconnected according to the electrical design of the die. For example, the circuit can
include ohBCF Mdre transisiots, El‘i)og%es, il iors Sehpacitdrs® ediffors, AHe Sfﬁ@?gi!?éuig %ﬁments formed
within theractivieoregioh aheemiconduetst die b tCentactpadssid are-arel or mare dayers ofieonductive

material, such as alumﬂlnO n(]n(él)i Cu, Sn, Ni, oldééuhsolrr@ , andogre el ctricallé/ connected to the circuit
0

elements Yorrmed WitHin semlco%dﬁ(t:l’orlcﬁe s ﬁrlng asse bﬁ/ St DIP 64, semiconductor die 74 is

mountedpo aniintesmediaté earriet Fi8lysing algofd-silicon leeitectictiayercat .adHestvermateralisuch as

thermal e OXY,01 €pOX resin.. The package bod Infludes an insulative pack ing m teiial such as
h 4 - . .

polymer é?r ce%{rarenig. ())ér?(fuec%rsliéagss 86%2?1%\7&9% wires ]8%qpr!8\?| ee eégt)ngglﬁ%%%rgoer%nec?%%{ween

semicondudcterdie 74vand PCB52. Encapsufant 84tis deposited everathegackdge fordemédronhmental

protection by preventing moisture and paricles fram entering the Rackage apd.gontaminating die 74 or
bond wires 82. FIG. 4b illustrates further detail of BCC 62 mounted on PCB 52. Semiconductor

die 88 is Mvtnied svelesarfet 90 wsfigcdn Dhdedill or epbry-résineheasive matefiakg2. Bond wires 94
provide firstleyel packaging intereonnegt betweem confact pads 96 and 98. Molding compound or

encapsulant 100 is deposited over semiconductor die 88 and bond wires 94 to provide physical support
and electrical isolation ¥&Pthe delice. Tontact pabsm 02tare¥bRtied bver asurface v PCB'92 using a

suitable metal depositian pracess.such aselegtralytia plating or-electiplessplating te prevent oxidation.
Contact pads 102 are electrically connected to one or more conductive signal traces 54 in PCB 52.

Bumps 102 &€ ¥orhed betvethtdoitsct patis'IBLéPBEEYe L ARd cORtat? pads 102 P G2L 0

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 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 tool or
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In FIG. 4c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flipchip 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 can include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.

SemicondG&toPdRss is &ibtfitalfy- 2AY hidchanical) TonRedtdd 18 Tarer e OB thratyH H&GMps 2 10.
BGA 60 is glectreally and-mechanicaly eonnected o PEE 82 with- BGA-stylessecansi-level packaging
using bumps 112. Semiconductar die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bahpS AR Eibnal finds™ £4; K ﬁdrﬁﬁ?%lﬁ?ﬂ@ﬁ&lﬁfh@%omﬁ&%8€eﬁ€éjp°sulant 116 is
deposited oversemiconduetor dien5 and eatrier t-tosprevideqphysiaah suppert and eleatbeal isolation
for the device. The flipchip semiconductor device provides.a sli\lort electrical conductio(r}%path from the
active deVices ovrqwlstek}'f]iirclzoE&ﬁct%i;1 G558 to contiuction tracks oh PCBEFin'SHaér fofadlice Shjial
propagationtdistante clowetrcapacitance, andpmpravenoverall cecyit pedormancel trelanather
embodinﬁéﬂ, the Semi(j]OQIdElIJCtOF %i%ﬁeS canolie mechan(%c:all;_lL gTd elec rical[gli(,‘coengected di %ctly to PCB 52
eve

using flipc ipesrfﬁggﬁ’s p%rckaglngrwffhou intérmediate arrier 106°° FIGs. 5a-51 lllustrate, in

relation tp &4G8g® ahd 4ax4w, adlpraeess O forming asemieonductercdevice inciudimg aidual UBM
structure{%relegti‘i free%%%n&é:g@%cétions. FIG. 5a shows a semicong%ctgﬁgvca{er.lz Wisth attéase

nii 1S theh’ 1nserfed 1nto, . rcal, sys .?
substrate material as sificon, germanium, gallium arsenide, indium phosphide; or silicon

carbide, fordtrubirdlsupportn Alplasaligfofcdemicendyctordietorcomponents 4 244dsiformed on wafer 120
separated by.sayy streets @ea%g%%qibggsatbeqyec ompon <FIG. 5b shows a cross-sectional view of a

portion of semiconductor wafer 120. Each’semiconductor die 124 has a back surface 128 and active
surface 130 containingfdrialod ot digital sirdiits ImbterhearetdcasiactivecdéVicds? passive delvides,

conductive layers, andydielectric layers farmed within the, die and electrically Intercannected according to

the electrical design and function of the die. For example, the circuit can Include one or more transistors,
diodes, aPdBtRECErdLElIEM@nE forhed WitHin attive Bafade 230 fo fififlefifent @nafsy &ircifts or digital

circuits, such as, digitalssignal Pracessor (RSB AS e Memonry, oF ather sighal pregessing circuit.
Semiconductor die 124 can also contain IPDs, such as Inductors, capacitors, and resistors, for RF signal

processirmf SeicoHaGcEr BRCEEPEan afsorsd d Hipthi typesetricondddiordie. The

different types of semiconductor packages are shown in FIG. 3
for purposes of illustration.

Electronic device 50 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
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. Miniaturization and
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An electrically conductive layer 132 is formed over and extends above active surface 130 such that a top
surface of conductive layer 132 creates an uneven surface, and has a non-planar topology, with respect
to active surface 130. Conductive layer 132 is formed using PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process. 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

operates"4s'Ohtadt Padselectriealfy Soniettedto the'circtits DnRctive Shiffate 138, 2CCePLetls, 5¢

shows amenlargedncrosssectional \iew 04 aRorien ot semiconddeton waier-12( foeusingvgptconductive
layer 132 and an area immediately surrounding the contact pad. Wafer 120 is inspected for IQC. An

insulatiorP6r PASEVARIayer £54' ik hen toAfSmal§ Appligd to, and follows the contours of, wafer 120
and conductive layer 182 hyrextending@erass activeisiktace 13dhapdhe sidewallswaf conductive layer
132, and across a top surface of the contact gad, Insglation layer 134 has %to% surface 138 that varies in
height over Wafer'20- A HIRE Bbitioh™ tS%% Hht& 138 ¥8imed 8U8FTATEr 120 Nd outside a footprint of
conductivestayep h32 hasa heightofddl. Asecond pattiamef topesurfacent38&-formedven avafer 120 and
over conductive layer 132 has a height of H2, wherein H2 is greater.than HI. The i jon_layer 134 can
b one o FrS Taykts of il NSRS [80%), SHEG TS (N} SR e GCH, tantalun
pentoxide: §1aRD5) varcona(Zi02), atusintnmpdxide ¢ARR03Y,ipalyinkde dienzbeypclobutener(BCB),
polybenzgxazoles (PB0Q), or other material havin itable electrical insulating properties. The insulation
layer 134Si(s:rpea?t%rﬁgé: 8%6%%keto§epoc§§%%5 usslllnlggé,@k)e, C{Q?D,agringtﬁ%?gﬁi%lcoc?éti%ép?gﬁtsesrihg with curing,
or thermal ‘oxidatiohr Aqsortiort op insulationfayercl3zcis remoled dyametchingoprocess teoreate opening
136 in insulation, layey, 134 which, gxposes,a portion of conductive laver 132, Opening 136 extends from
top surface 138 of insulation layer 134 to a bottom Surface 139 of insulation layer 134. Another portion of
conductivi-lger $32 eamaihssaoverad byinzilativnslayerl 134 Ehedfartiaby completed doalgBM structure
then undergpes 4, firshSCTybbercleans o oalFIG: Bdyanglegtricallyconductive Jayer 140 is formed
over and conformally applied to insulation layer 134 and conductive layer 132 by using a patterning and
metal deposition proces8 stieRasPFHIRHRGTPYDS CVD S§itteing L eleetrofiE prating? and'éectroless
plating. In, opg embediment, condugtiveslayer 140 is; T, tianiwy tuagsten LLiW), oF cheorpium (Cr) formed
by sputtering. Alternatively, conductive layer 140 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or

other suitadfdéretieally c8rRdudivaThateral Corrtfuctive fayer 120 fafds Heieststr<dfins@ation

layer 134:3cross topnsurface-138,:alorg a side wall of insplation-layeiyk34withinapening 136, and across
the top surface of conductive layer 132 within opening 136. Conductive layer 140 includes an area 142

that is withfiir OPERing 196 alfofdicandtictive Yayat 135D Arsh 142 i SUSStAIRTAHS Fat, SEndFisSmaller
than an area oheorductivelayer-hzd: Conshigtive layer 140 Hperatesasda first WUBM dayerder a later
formed bump. The partially completed dual UBM structure then undergoes a second scrubber clean.

In FIG. 584N instiation 5t passi/ation V& erti2aie Hepdsited bF cbAEdbVer afid conformally applied to
conductiveslayen 140 usingaDe CVEY, 1steearn printing; Spih cdating; sprayccaatiagpsiptering or thermal
oxidation. In one emboEdime@thinsulation Ia%/erf’L44 ir%cludes golﬁlimide, PBO, or BOB. Alt%rnatively,
insulation layer 144 contains ofe or horé a)?ers lo% L|JO°“2trS?} N ?Si(fl\emeaﬁ@%, ,R%%S of other material
having similas insidating and-gtauctural ptoperties.rAybottom suttacedbdtkaigasulatiandayer 144 follows the
contours of conductive Jayer 140..Top surfa 48 qof insylatjon layer 144 is planar and _substantially
parallel téﬁo géﬁ\?g éﬁ)rfagcge{ 1?6.%5’0%?%119@/{1;% |ck8%gsls O?‘Iﬁélﬁ%ﬁé}% ?a}yl& ’14§eﬁ1fggé%[:e fJetween bottom
surface 146 arwttopsurfacell4@varesiacross walerdi2Qy Ihsulatior layer 144 ger\iesras & base for a later

fo”“eds%%%gjgﬁ%%k%§¥rier (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

-12-



FIG. 5f shows insulation layer 144 is aligned and developed, and that portions of the insulation layer are
removed to create openings 152 and 154 in the insulation layer. Opening 152 is formed over area 142 of
conductive layer 140. Opening 152 extends from a top surface 148 of insulation layer 144, through the
insulation layer to bottom surface 146 of the insulation layer. A footprint of opening 152 has an area that
is less than area 142 of conductive layer 140. Opening 152 is formed by a process of patterning and
etching ifsulQidFRy et E44 BRE Exp6SE® 8 oo of e8hdufetive Tayer 428. ARofie? poftion dficonductive
layer 140skemrainseoveredhysinsulation tayer d4de Ppening152 pravides a locatigndor the formation of a
later formed second UBM layer. Sidewalls of opening 152 are substantially vertical or angled.
Opening 154 3§ fsimetf i & pERMEts of RrSUiaSH 1ay8r- 144 Shlside ﬁw&ﬁﬁﬁ?&t&n%ﬁivéf fdyer 132
and overmaipartipn ©f instdatiosnayer £34 witbliasheight ofgl. &pening. 154 extends fraia dop surface 148
of insulation layer 144, through the insulation layer to a pottom surface 146 of the insulation layer. The
remaining %%h%o%n ASTAER faeT 134 Within % petitieter 8%5&5%6 G54"RENE8S RR'arES sufficient for
accommagatingna: tatefosme d datm dd ©necrmbadintent ithe semaining poittiondefinsalatiamndayer 144
has an area gcrg%'ger th%ré (t:rée are %feconductiven @/g{i %%2. scka eéfter i(r:1 ulgéion layer 144 is patterned
and etché&d to Greate openinﬁsﬁS andsfgﬂ’,ciﬁe insu atlonplayer iscured with a high temperature
excursiorsBecasise dasiddticnilayer 44 is curedddeforerthe formatvorcefsa secorict UBM layer, the risk of
INC formation between the Ti.of conductive layer 140 and Cu of a later formed.second UBM layer during
the high Lo e A e A e, S e e & de-seum
treatmentanufactinFGySgrams ekettricallcondactivellaged 60 issformed oles and toafarmally applied
to insulation, laver, 144 and conductive Javer,140 by using a patterning and metal deposition process such
as printing, PVD, CVD, sputtering, electrolytic plating, and electroless plating. In one embodiment,
conductiveclayep 26Quirieiiides Ti and Cu, TiW and Cu, or Cr and Cu, and is formed using sputtering or
other suitable metal deppsition progesssilternatively, copductive Jayer, 160, can be,one.or more layers of

Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 160 follows the

contours 'of €enddctiveiayérrB4Cacrbss Bep strfage bf te BaAdictive 1 &y hleng BSidewall of

insulationslayer 1A4.2aress thestopssurface L48.otinsulation layer 144y along.a, side ywallefingylation
layer 144 within opening 152 in insulation layer 144, and across the portion of area 142 exposed by

opening £52.CoHduttive 1yt 160 I afsicdsg Setond OBM or BESad féraSaterFormed bump.

Because gonduetive layer16Q followssthe contaug of opening 152 and isformedaver atep sHrface 148
of insulation layer 144, the insulation layer is formed between, and separates a portion of, conductive

layer 160-8f7d Eofiddictive Fayer S TheEhaYatidh batheeh ot cive Ry r< #4¢ @n811%0 by insulation
layer 144creduces adiskefdhe forarationeofa SNCUHNE . dx gppventionat PO stiuetures, such as POU 10
shown in FIG, 1, Sn from bump 24 will travel along a sidewall of Ni UMB 20 to react with UBM Cu 18,
thereby ct8&MY'S SHEUIRCIThHe duat UBN Stricture 1iéGding CoRdGEReSayEFTAG ifiSdiStion layer
144, and wendeciieslayenhdi6d,oeduces theurisk eflsménonsa fatentarmeddbump teactingcwite UBM Cu.
After the formationooff conductive Ia(\{er 160,,thep431rtiallé/ completed %ual %BM structure under%oees a

Smubbek%ﬁ%ﬁpﬁncesgemlcondu tor die ontact pads are one or mo
layers of conductive material, such as aluminum (Al), Cu, Sn,
Ni, gold (Au), or 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 or epoxy resin. The
package body includes an insulative packaging material such as

polymer or ceramic. Conductor leads 80 and bond wires 82

provide electrical interconnect between semiconductor die 74 and
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In FIG. 5h, photoresist 166 is deposited over conductive layer 160. A bottom surface 168 of photoresist
166 both covers and follows the contours of conductive layer 160. A top surface 170 of photoresist 166 is
substantially flat. Photoresist 166 includes a DFR material with a PEI support film. The DFR is laminated,
undergoes an edge rinse, is aligned over conductive layer 160, the PEI support film is removed, and the
DFR material is then developed. The DFR can be irradiated using a visible light laser to form a desired

pattern. Tieirradiate§ BER muténal i§ therPsaieeRy 8% devdlopersviieh sefetivel dissolves

non-irradiated perignstef the phetaresishmalerist andleaves theiirwadiated partions of thesghotoresist
material intact. Accordingly, FIG. 5h further shows photoresist 166 _is patterned and etched to
form opehing L 72 5Perifly 178 extentiI o the t615 5arfacs 170 Bf PhGtoresiSE168 Mhirotightfie
photoresist layer to a bottom surface 168 of the photoresist layer. A footprint of opening 172 has an area

that is greater than an area of per;ﬂgc};]‘ 1?2 and snﬁaller than the remaini thporti%g of insulation layer 144.
In one embodiment, openirig 172 1 &< 8 Y6StpHRE Shafier th&R & fodtprint of n&l?&ﬂlgﬁgf/er 132.
Opening 47 2mExposes a xtidre ohcanductive 1ayes 8. 60s Anotherporiiereof cendtictive $ayer 160 remains

covered by photoresist 166. ning 172 provides a locatjon for the subsequent deposijtion, of a bump
ratorial. B i TorAtoh o et b/ dhe DHFe AAER0LS T B St & hark Bike, and a
second deiscen.94 provndd Gt Si,san électricaliy ceaductiveibump orateraltl &isvdeposited within

opening 175,80d over canductiys Jayey 16Q445ing ap evaporation. glecialylic plating. efeciroless plating
or screen printing process. When thé screen prlntlna process is used, bump material 176 is a paste when
deposited,carmsregeires eere-fiom tycledo sotidifydthe Biinp matenalbeforeephStérasistdayerilkss is
removed Reflowing bymp material 176 solidifies the paste.and,prevents the bupmp. material from being
removed or'washed away with the subsequent removal of photoresist layer 166. When bump material 176
is deposifeehiising apceslapoPation; eldchrongi¢ plamiy, or elecirlessoplaiing process ithe Bump material

forms a solid bump.and does Aot require the additional re-flgw cycle, . .. 1 {7 ope embadiment, bump

material 176 is lead free solder. Alternatively, bump material 176 can be any metal or other €electrically
conductivi mat@r il F€.4S Sn, INi2 Al RAg FPb PB & Vaid- alsyistheedt, with @utapstionabivx midderial. For
example the solderimateriah can.Bg gutectis POy Righ-lead @ legddige: ive 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. 4c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip 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 can 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,
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In FIG. 5], photoresist layer 166 is removed. In one embodiment, the DFR layer is removed to expose
sidewalls of bump material 176 by using plasma or reactive chlorine gas. Photoresist layer 166 is
stripped away leaving behind bump material 176 over conductive layer 160. In FIG. 5K,
conductive layer 160 is etched to remove a portion of the conductive layer exposed by bump material
176. The etching of conductive layer 160 also removes a portion of the conductive layer in a peripheral

region uritfe? bR Matérfal 178. FRé FemdvarditReHriphe At pBRIIM-G donttiétive layer 160 forms a
recess 13Q H extends.partiaibmbutgrotcompleteleunderdnuimp matedal LG Thaspaiterithe formation of
recess 180, bump material 176 extends beyond an end portion of conductive layer 160 and overhangs
the condB&K21Ger. CEMIUEvE A ef 166 MasHh'aredSrdiistthar hn dt6a OF EofGuctivel&yer 132, or
alternatively; san haveai areadarges thar an eses ob canductiyve dayertl 321 Similardy, conductive layer
140 is etched to remove a %orti n of thE conductive Igéer, e>%>osed bg insulatignrl Iqayer 144. Tlgcg etching of
conductive lAJ8F 140 A1 ehdved™a poftioR of tRE conductive 187erifa perisheral regidh-urder
insulatiortlayep hd44.cthe remevaliof the pedpheral partiondf conductiveilayes14@ &orms a recess 182

that extendsolgartigjalglbut Bots(%orpl[glgtelyL uggﬁr ingulact:iggal?%eer 1451. Jhux% %ftevr thggogrgﬁt'%on of recess
182 insulatio a%/er 44 &xténds beyondoan end p%‘?tlon 6f conduttive fa;}%r 940 and over angs the
conductivel layer. tEtpked conductive layer Biocdre havenbnarea equaltocordarger thaihuan area of

conductive. layer, 132. After the etchin ,tﬁ artially completed duyal UBM structure under (iesascrubber
clean proc(fzeégs.sEg can Ifk:jleFI&eétl1 nulr%E)l mzi}t)eﬁgﬁlfg iescr% owe hce%?llrllge]ctuﬁee:%u?{njlprren%%eﬁ]al above its
melting pointR6 Forp® spiserical bal orbumps188.Bump sratérakl7 G eak alsortse reffovedtwith an optional

flux materigl. In some applications, bupp 188 is reflowed a second time to Improve electrical contact to

FIGs. 5a-51 illustrate, in relation to FIGs. 3 and 4a-
4c, a process of forming a semiconductor device including a dual
UBM structure for lead free bump connections. FIG. 5a shows a
semiconductor wafer 120 with a base substrate material 122, such
as silicon, germanium, gallium arsenide, indium phosphide, or
silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120
separated by saw streets 126 as described above.

FIG. 5b shows a cross-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing analog or digital
circuits implemented 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. For example, the circuit can
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.

Semiconductor die 124 can also contain IPDs, such as inductors,
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conductive layer 160. Bump 188 represents one type of Interconnect structure that can be formed over
conductive layer 160. The Interconnect structure can also use 3-D Interconnects, conductive paste, stud
bump, micro bump, or other electrical Interconnect. After bump 188 is formed, the dual UBM structure
undergoes an optional flux clean, the bump is measured, and the dual UBM structure undergoes a FVI.
Accordingly, the dual UBM structure provides an Improved low-k dielectric design with respect to
conventiitdl pol/ifde ard e adiree bamprstiuttures by r8aacding &8 &nd delamination during flipchip
assemblysand eeliability tosts iurthermese, becasisednsulationlayep 144 iscured hefore thedermation of
a second UBM layer, and before the Ti and Cu of first and second UBM layers make contact, the risk of
INC form&ti6n between the Ti and Cu during the high temperature excursion is reduced. Additionally,
because conductive lager XaQ-totlowsdhe goptouss ot opening1s2 arspisifernied.avar topsurface 148 of
insulation Iaé(er 144, the insulation Ia%/er IS formgd bet\ﬁ?ﬁn, anﬂhsez%rates, aﬁportion f conductive layers
140 and T80. TRE S85ration hendcen dondittive tayers 140% by fhautation )8 £44 feduces a
risk of a Sp+CLLING beingfpemed 3 corventienalPQblstructures fsueh as POWAS shomimin FIG. 1, Sn
from bum %4 ‘Ijrravgls a|(il’(lj a sidew%ll %few léMCB %g t%gz act(\e/vitsh lg?g/lcgul%S ther%g}/@recactin‘gea Sn-Cu
INC. Finally, the recited method an dewcepprovide a wi elrvprocélss window for high'vo ume’
manufactlemgr{HVA2) thanis otfetwiseiprovieléd, byCa _oneertiomab PO bumpsstiuciure. The wider HVM
window results from an Increase in the varigus stress buffer materials and strippers that can be used to
Create the Hiar GV SEUBt g SHoCL & Shamoal dacrabe prosior Fic. & St 16 EICCBE. shows an
enlargedierosss ssectiohahvientofee porivaof sémicomduetoromafep 198 ofoeusimgeorsa dliahUBM
structure 194. An elggtrically conductiye layer 198 is formed aver and extends abpye ap agtive surface of
semiconductor wafer 196 such that a top surface of conductive layer 198 creates an uneven surface, and
has a noAplaiaradpology Wittt Faspecl By semicdndacer Wafer B96. AaiinsadlatipAd? passivation layer
200 is formed pyer semiconductor wafer 196 and directly; cantagts a sidewall of egaductiyg layer 198.
Insulation layer 200 differs from insulation layer 134 in FIG. 5¢ by not extending over the adjacent
conductive layer 198. hIG. Bg, inkalationTayst 1Ba0GsesCEReAd DVEF adfaeéntésiduetive layer 132.
FIG. 6 futher-shows,an electrically conductiverlayer 202 fermedsover and eonpfaunallyappliegto

insulation layer 200 and conductive layer 198 by using a Eatterning and metal deposition process such as

printing, PVD, €V 3pitefifig L BIRe O/ HE platimgr ARY eHectdld<plafnd.af orkeémbodiftett,

conductiverlayes 202 i Eiferned by sputteringnhas,.toprand batten ssiktaces yvithoplanaktopologies, and
operates as a first UBM. An insulation or passivation layer 204 is deposited over and conformally applied

to conductie [ayer-262 uSMGPVB2EVD, ReRerPprirtiivg, 8pi doatihg SprayToating Csihtermgror thermal

oxidationy H¥rere embogitnent irsuationdayer 204 rctudss palyistide nRBE: o5 BOB.daswlation layer 204
is cured with a high temperature excursion before the formation of a second UBM layer, As a result, the

risk of IMOforfiation betws&n I TRt ive fayeP 203 Ant'Cu bf & 34ter formetSecond UBM layer
during the highstemaperature exeursionis redeceddnone embodineniuinsulatian layes2043@ms an area
greater than an area of co uctivi é%yer 198. Conductive I%er, 202 is etched t formlg jecess 203 that

extends partiaffy Bﬁpngtucrorr?ﬁgte y un&er%sm%ﬁ&ﬁfaylerrl gloht over water
first portion of top surface 138 formed over wafer 120 and
outside a footprint of conductive layer 132 has a height of HI.
A second portion of top surface 138 formed over wafer 120 and
over conductive layer 132 has a height of H2, wherein H2 is
greater than Hl1. The insulation layer 134 can be one or more
layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), zircon

(zr02), aluminum oxide (A1l203), polyimide, benzocyclobutene

(BCB), polybenzoxazoles (PBO), or other material having suitable
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Thus, after the formation of recesses 203 insulation layer 204 extends beyond an end portion of
conductive layer 202 and overhangs the conductive layer. An electrically conductive layer 206 is formed
over and conformally applied to insulation layer 204 and conductive layer 202 by using a patterning and
metal deposition process. In one embodiment, conductive layer 206 is one or more layers of Ti, Cu, Ni, Ti
and Cu, TiW and Cu, or Cr and Cu and is formed using sputtering or other suitable metal deposition

process. TotdtEivE faysl 286 dperdteB BSRESECHH- UBM G BimpP radHor aaier forhmstl Bémp.
Insulation layee 204 ds frmed-batweenepad separates aportion ot eondystivedayeys 202iand 206. The
separation between conductive layers 202 and 206 by insulation layer 204 reduces a risk of forming a
Sn-Cu INEEdritirctive Tdyer 208 Hastah GHa-SAallérthah thd aled 8f-Ciduictive 18yer19818F
alternativety, capheye iadnhareaylatger taan an asea 0& conduciive dayer ko8, Sphedeal hall or bump 208 is
formed over and electricallé crfggects to conductive Iaier 206. %u%n%OS includes any suitable electrically
conductive matérial Pant iFone mbodimant is fead fré8 $oidet “In oHe"&MboaRTSt 2 otprint of bump
208 has aw areathab is greaterdhananlareaof teaductivedayer198 and smalles tharvinsakation layer
204. hile Qne or more eqbodimen? of t?e %eﬂ;secnot inve[‘bntiogohn?ve q:efn illu tg%teg in detail, the
0

skilled arfisan wi Fapprema e tHat modificationa and a aptatlonas th6S8 efbodiments may be made

without dépardingtiiom the geapé dfithe presehkinventian as setforthrin dloe followinagy etaims.2 Claims
VVhatB(%%%ﬁ?%s covered by insulation layer 134. The partially

completed dual UBM structure then undergoes a first scrubber

clean.

In FIG. 5d, an electrically conductive layer 140 1is
formed over and conformally applied to insulation layer 134 and
conductive layer 132 by using a patterning and metal deposition
process such as printing, PVD, CVD, sputtering, electrolytic
plating, and electroless plating. In one embodiment, conductive
layer 140 is Ti, titanium tungsten (TiW), or chromium (Cr)
formed by sputtering. Alternatively, conductive layer 140 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 140
follows the contours of insulation layer 134 across top surface
138, along a side wall of insulation layer 134 within opening
136, and across the top surface of conductive layer 132 within
opening 136. Conductive layer 140 includes an area 142 that is
within opening 136 and over conductive layer 132. Area 142 is
substantially flat, and is smaller than an area of conductive
layer 132. Conductive layer 140 operates as a first UBM layer
for a later formed bump. The partially completed dual UBM
structure then undergoes a second scrubber clean.

In FIG. 5e, an insulation or passivation layer 144 is

deposited or coated over and conformally applied to conductive
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1. A method of making a semiconductor device, comprising: providing a substrate with a contact pad,;
forming a first insulation layer over the substrate and contact pad,; forming a first under bump
metallization (UBM) over the first insulating layer and electrically connected to the contact pad; forming a
second insulation layer over the first UBM; forming a second UBM over the second insulation layer
after the second insulation layer is cured, the second UBM electrically connected to the first UBM such

that the seeBRd instilatibhRSer $etiviBn aht <Eparates potiths 6fthd firdnd Secoid38Ms;
forming a-phetoresistdayeraver dhe second-LBM and demoying a partion-ofdhe photasasist layer to form

AN eI I Ao Ay PV er R st AT i e, PBO, or BCB.
Alternatively, insulation layer 144 contains one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating and structural properties. A bottom surface
146 of insulation layer 144 follows the contours of conductive
layer 140. Top surface 148 of insulation layer 144 is planar
and substantially parallel to active surface 130. Accordingly,
a thickness of insulation layer 144 measured between bottom
surface 146 and top surface 148 varies across wafer 120.
Insulation layer 144 serves as a base for a later formed second
UBM layer.

FIG. 5f shows insulation layer 144 is aligned and
developed, and that portions of the insulation layer are removed
to create openings 152 and 154 in the insulation layer. Opening
152 is formed over area 142 of conductive layer 140. Opening
152 extends from a top surface 148 of insulation layer 144,
through the insulation layer to bottom surface 146 of the
insulation layer. A footprint of opening 152 has an area that
is less than area 142 of conductive layer 140. Opening 152 is
formed by a process of patterning and etching insulation layer
144 and exposes a portion of conductive layer 140. Another
portion of conductive layer 140 remains covered by insulation
layer 144. Opening 152 provides a location for the formation of
a later formed second UBM layer. Sidewalls of opening 152 are
substantially vertical or angled.

Opening 154 is formed in a perimeter of insulation
layer 144 outside a footprint of conductive layer 132 and over a
portion of insulation layer 134 with a height of H1. Opening

154 extends from top surface 148 of insulation layer 144,
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depositing a conductive bump material within the opening in the photoresist layer; removing the
photoresist layer; removing a peripheral portion of the second UBM such that the conductive bump
material overhangs the second UBM,; removing a peripheral portion of the first UBM such that the
second insulation layer overhangs the first UBM; and reflowing the conductive bump material to form a

spherical bump. , ,
through the insulation layer to a bottom surface 146 of the

insulation layer. The remaining portion of insulation layer 144
within a perimeter of opening 154 includes an area sufficient
for accommodating a later formed bump. In one embodiment, the
remaining portion of insulation layer 144 has an area greater
than the area of conductive layer 132.

After insulation layer 144 is patterned and etched to
create openings 152 and 154, the insulation layer is cured with
a high temperature excursion. Because insulation layer 144 is
cured before the formation of a second UBM layer, the risk of
IMC formation between the Ti of conductive layer 140 and Cu of a
later formed second UBM layer during the high temperature
excursion is reduced. After curing insulation layer 144
undergoes a de-scum treatment.

In FIG. 5g, an electrically conductive layer 160 is
formed over and conformally applied to insulation layer 144 and
conductive layer 140 by using a patterning and metal deposition
process such as printing, PVD, CVD, sputtering, electrolytic
plating, and electroless plating. In one embodiment, conductive
layer 160 includes Ti and Cu, TiW and Cu, or Cr and Cu, and is
formed using sputtering or other suitable metal deposition
process. Alternatively, conductive layer 160 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 160 follows the contours
of conductive layer 140 across a top surface of the conductive
layer, along a sidewall of insulation layer 144, across the top
surface 148 of insulation layer 144, along a side wall of
insulation layer 144 within opening 152 in insulation layer 144,
and across the portion of area 142 exposed by opening 152.
Conductive layer 160 operates as a second UBM or bump pad for a

later formed bump. Because conductive layer 160 follows the
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2. The method of claim 1, wherein the second insulation layer is polyimide that is cured with a high
temperature excursion. Is lead free. 4. The method of claim 1, wherein the first UBM is titanium, titanium
tungsten, or chromium. 5. The method of claim 1, wherein the second UBM is titanium and copper,
titanium tungsten and copper, or chromium and copper. 6. A method of making a semiconductor device,

comprising: providing a substrate with a contact pad;
contours of opening 152 and is formed over a top surface 148 of

insulation layer 144, the insulation layer is formed between,
and separates a portion of, conductive layer 160 and conductive
layer 140. The separation between conductive layers 140 and 160
by insulation layer 144 reduces a risk of the formation of a Sn-
Cu IMC. 1In conventional POU structures, such as POU 10 shown in
FIG. 1, Sn from bump 24 will travel along a sidewall of Ni UMB
20 to react with UBM Cu 18, thereby creating a Sn-Cu IMC. The
dual UBM structure including conductive layer 140, insulation
layer 144, and conductive layer 160, reduces the risk of Sn from
a later formed bump reacting with UBM Cu. After the formation
of conductive layer 160, the partially completed dual UBM
structure undergoes a scrubber clean process.

In FIG. 5h, photoresist 166 is deposited over
conductive layer 160. A bottom surface 168 of photoresist 166
both covers and follows the contours of conductive layer 160. A
top surface 170 of photoresist 166 is substantially flat.
Photoresist 166 includes a DFR material with a PET support film.
The DFR is laminated, undergoes an edge rinse, is aligned over
conductive layer 160, the PET support film is removed, and the
DFR material is then developed. The DFR can be irradiated using
a visible light laser to form a desired pattern. The irradiated
DFR material is then subjected to a developer which selectively
dissolves non-irradiated portions of the photoresist material
and leaves the irradiated portions of the photoresist material
intact.

Accordingly, FIG. 5h further shows photoresist 166 is
patterned and etched to form opening 172. Opening 172 extends
from the top surface 170 of photoresist 166, through the
photoresist layer to a bottom surface 168 of the photoresist

layer. A footprint of opening 172 has an area that is greater
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forming a first under bump metallization (UBM) over the substrate and electrically connected to the
contact pad; forming an insulation layer over the first UBM,; forming a second UBM over the insulation
layer after the insulation layer is cured, the second UBM electrically connected to the first UBM such that
the second insulation layer separates portions of the first and second UBMs; and forming a bump over the
second UBM. 7. The method of claim 6, wherein the insulation layer is polyimide that is cured with a high
temperathFE8xétitsivhe B. The Hethtdof chainf6 Whsrein fife BHAP i$ Kad & 18 1 e method of claim

6, whereipdhe fisst UBMiis ditaniume titaniym tungsten, archiamiwiobodiment, opening 172
includes a footprint smaller than a footprint of conductive
layer 132. Opening 172 exposes a portion of conductive layer
160. Another portion of conductive layer 160 remains covered by
photoresist 166. Opening 172 provides a location for the
subsequent deposition of a bump material. After the formation
of opening 172, the DFR undergoes a first de-scum, a hard bake,
and a second de-scum.

In FIG. 51, an electrically conductive bump material
176 is deposited within opening 172 and over conductive layer
160 using an evaporation, electrolytic plating, electroless
plating, or screen printing process. When the screen printing
process 1is used, bump material 176 is a paste when deposited,
and requires a re-flow cycle to solidify the bump material
before photoresist layer 166 is removed. Re-flowing bump
material 176 solidifies the paste and prevents the bump material
from being removed or washed away with the subsequent removal of
photoresist layer 166. When bump material 176 is deposited
using an evaporation, electrolytic plating, or electroless
plating process, the bump material forms a solid bump and does
not require the additional re-flow cycle.

In one embodiment, bump material 176 is lead free
solder. Alternatively, bump material 176 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.

In FIG. 5j, photoresist layer 166 is removed. In one
embodiment, the DFR layer is removed to expose sidewalls of bump

material 176 by using plasma or reactive chlorine gas.
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10. The method of claim 6, wherein the second UBM is titanium and copper, titanium tungsten and
copper, or chromium and copper. 11. The method of claim 6, wherein the first UBM has an area larger
than an area of the contact pad. 12. The method of claim 6, wherein peripheral portions of the first and
second UBMs are removed such that the bump overhangs the second UBM and the insulation layer
overhangs the first UBM. 13. A method of making a semiconductor device, comprising: providing a

substrate Wi @7comtact padlY © Forrhing e first GhderRuRB Hietafiz4tion (UBRH W eP & substrate and
electrically-cannested tpstheeontact pad: forining andasulation layer over the first UBM,;

In FIG. 5k, conductive layer 160 is etched to remove a
portion of the conductive layer exposed by bump material 176.
The etching of conductive layer 160 also removes a portion of
the conductive layer in a peripheral region under bump material
176. The removal of the peripheral portion of conductive layer
160 forms a recess 180 that extends partially but not completely
under bump material 176. Thus, after the formation of recess
180, bump material 176 extends beyond an end portion of
conductive layer 160 and overhangs the conductive layer.
Conductive layer 160 has an area smaller than an area of
conductive layer 132, or alternatively, can have an area larger
than an area of conductive layer 132. Similarly, conductive
layer 140 is etched to remove a portion of the conductive layer
exposed by insulation layer 144. The etching of conductive
layer 140 also removes a portion of the conductive layer in a
peripheral region under insulation layer 144. The removal of
the peripheral portion of conductive layer 140 forms a recess
182 that extends partially but not completely under insulation
layer 144. Thus, after the formation of recess 182 insulation
layer 144 extends beyond an end portion of conductive layer 140
and overhangs the conductive layer. Etched conductive layer 140
can have an area equal to or larger than an area of conductive
layer 132. After the etching, the partially completed dual UBM
structure undergoes a scrubber clean process.

In FIG. 51, bump material 176 is reflowed by heating
the bump material above its melting point to form spherical ball
or bump 188. Bump material 176 can also be reflowed with an
optional flux material. In some applications, bump 188 is

reflowed a second time to improve electrical contact to
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forming a second UBM over the insulation layer after the insulation layer is cured; and forming a bump
over the second UBM. 14. The method of claim 13, wherein the insulation layer is polyimide that is cured
with a high temperature excursion. 15. The method of claim 13, wherein the bump is lead free. 16. The
method of claim 13, wherein the first UBM is titanium, titanium tungsten, or chromium, and the second

UBM is titanium and copper, titanium tungsten and copper, or chromium and copper.
conductive layer 160. Bump 188 represents one type of

interconnect structure that can be formed over conductive layer
160. The interconnect structure can also use 3-D interconnects,
conductive paste, stud bump, micro bump, or other electrical
interconnect. After bump 188 is formed, the dual UBM structure
undergoes an optional flux clean, the bump is measured, and the
dual UBM structure undergoes a FVI.

Accordingly, the dual UBM structure provides an
improved low-k dielectric design with respect to conventional
polyimide and lead free bump structures by reducing crack and
delamination during flipchip assembly and reliability tests.
Furthermore, because insulation layer 144 is cured before the
formation of a second UBM layer, and before the Ti and Cu of
first and second UBM layers make contact, the risk of IMC
formation between the Ti and Cu during the high temperature
excursion is reduced. Additionally, because conductive layer
160 follows the contours of opening 152 and is formed over top
surface 148 of insulation layer 144, the insulation layer is
formed between, and separates, a portion of conductive layers
140 and 160. The separation between conductive layers 140 and
160 by insulation layer 144 reduces a risk of a Sn-Cu IMC being
formed. In conventional POU structures, such as POU 10 shown in
FIG. 1, Sn from bump 24 travels along a sidewall of Ni UMB 20 to
react with UBM Cu 18, thereby creating a Sn-Cu IMC. Finally,
the recited method and device provide a wider process window for
high volume manufacturing (HVM) than is otherwise provided by a
conventional POU bump structure. The wider HVM window results
from an increase in the various stress buffer materials and
strippers that can be used to create the dual UBM structure
without a chemical damage problem.

FIG. 6, similar to FIG. 51, shows an enlarged cross-
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17. The method of claim 13, wherein the first UBM has an area larger than an area of the contact pad.
18. The method of claim 13, wherein portions of the first and second UBMs are removed such that the
bump overhangs the second UBM and the insulation layer overhangs the first UBM. 19. The method of
claim 13, wherein the insulation layer is between portions of the first and second UBMs. 20. A
semiconductor device, comprising: a substrate with a contact pad; a first under bump metallization

(UBM) wﬁﬁ%ﬁ%@ébr&é?%aﬁaﬁa@&ﬁ% C%Fltasc,éfIE)jaachH’Hé:& Bber'theSubstiate 4R gfectiically
connectegifodhgeantagtpad ructure 194. An electrically conductive layer

198 is formed over and extends above an active surface of
semiconductor wafer 196 such that a top surface of conductive
layer 198 creates an uneven surface, and has a non-planar
topology, with respect to semiconductor wafer 196. An
insulation or passivation layer 200 is formed over semiconductor
wafer 196 and directly contacts a sidewall of conductive layer
198. Insulation layer 200 differs from insulation layer 134 in
FIG. 5c by not extending over the adjacent conductive layer 198.
In FIG. 5c, insulation layer 134 does extend over adjacent
conductive layer 132. FIG. 6 further shows an electrically
conductive layer 202 formed over and conformally applied to
insulation layer 200 and conductive layer 198 by using a
patterning and metal deposition process such as printing, PVD,
CVD, sputtering, electrolytic plating, and electroless plating.
In one embodiment, conductive layer 202 is Ti formed by
sputtering, has top and bottom surfaces with planar topologies,
and operates as a first UBM. An insulation or passivation layer
204 is deposited over and conformally applied to conductive
layer 202 using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. In one embodiment,
insulation layer 204 includes polyimide, PBO, or BCB.

Insulation layer 204 is cured with a high temperature excursion
before the formation of a second UBM layer. As a result, the
risk of IMC formation between the Ti of conductive layer 202 and
Cu of a later formed second UBM layer during the high
temperature excursion is reduced. In one embodiment, insulation
layer 204 has an area greater than an area of conductive layer
198. Conductive layer 202 is etched to form a recess 203 that

extends partially but not completely under insulation layer 204.
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an insulation layer formed over the first UBM; a second UBM formed over the insulation layer and
electrically connected to the first UBM such that the insulation layer is between portions of the first and
second UBMs; and a bump formed over the second UBM. 21. The semiconductor device of claim 20,
wherein the insulation layer is high temperature cured polyimide. 22. The semiconductor device of claim

20, wherein the bump is lead free. 23. The semiconductor device of claim 20, wherein the first UBM is
thamunmﬁﬁﬂﬁum%ﬁﬁ&ﬂeﬁhsréﬂBﬁﬁBﬁ?n of recesses 203 insulation layer 204

extends beyond an end portion of conductive layer 202 and
overhangs the conductive layer. An electrically conductive
layer 206 is formed over and conformally applied to insulation
layer 204 and conductive layer 202 by using a patterning and
metal deposition process. In one embodiment, conductive layer
206 is one or more layers of Ti, Cu, Ni, Ti and Cu, TiW and Cu,
or Cr and Cu and is formed using sputtering or other suitable
metal deposition process. Conductive layer 206 operates as a
second UBM or bump pad for a later formed bump. Insulation
layer 204 is formed between, and separates a portion of,
conductive layers 202 and 206. The separation between
conductive layers 202 and 206 by insulation layer 204 reduces a
risk of forming a Sn-Cu IMC. Conductive layer 206 has an area
smaller than the area of conductive layer 198, or alternatively,
can have an area larger than an area of conductive layer 198.
Spherical ball or bump 208 is formed over and electrically
connects to conductive layer 206. Bump 208 includes any
suitable electrically conductive material, and in one embodiment
is lead free solder. 1In one embodiment a footprint of bump 208
has an area that is greater than an area of conductive layer 198
and smaller than insulation layer 204.

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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24. The semiconductor device of claim 20, wherein the second UBM is titanium and copper, titanium
tungsten and copper, or chromium and copper. 25. The semiconductor device of claim 20, wherein the
bump overhangs the second UBM and the insulation layer overhangs the first UBM.

Claims

What is claimed:

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

providing a substrate with a contact pad;

forming a first insulation layer over the substrate and
contact pad;

forming a first under bump metallization (UBM) over the
first insulating layer and electrically connected to the contact
pad;

forming a second insulation layer over the first UBM;

forming a second UBM over the second insulation layer after
the second insulation layer is cured, the second UBM
electrically connected to the first UBM such that the second
insulation layer is between and separates portions of the first
and second UBMs;

forming a photoresist layer over the second UBM and
removing a portion of the photoresist layer to form an opening
in the photoresist layer over the contact pad;

depositing a conductive bump material within the opening in
the photoresist layer;

removing the photoresist layer;

removing a peripheral portion of the second UBM such that
the conductive bump material overhangs the second UBM;

removing a peripheral portion of the first UBM such that
the second insulation layer overhangs the first UBM; and

reflowing the conductive bump material to form a spherical

bump.

2. The method of claim 1, wherein the second insulation layer

is polyimide that is cured with a high temperature excursion.
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3. The method of claim 1, wherein the conductive bump material

is lead free.

4. The method of claim 1, wherein the first UBM is titanium,

titanium tungsten, or chromium.

5. The method of claim 1, wherein the second UBM is titanium
and copper, titanium tungsten and copper, or chromium and

copper.

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

providing a substrate with a contact pad;

forming a first under bump metallization (UBM) over the
substrate and electrically connected to the contact pad;

forming an insulation layer over the first UBM;

forming a second UBM over the insulation layer after the
insulation layer is cured, the second UBM electrically connected
to the first UBM such that the second insulation layer separates
portions of the first and second UBMs; and

forming a bump over the second UBM.

7. The method of claim 6, wherein the insulation layer is

polyimide that is cured with a high temperature excursion.

8. The method of claim 6, wherein the bump is lead free.

9. The method of claim 6, wherein the first UBM is titanium,

titanium tungsten, or chromium.
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10. The method of claim 6, wherein the second UBM is titanium
and copper, titanium tungsten and copper, or chromium and

copper.

11. The method of claim 6, wherein the first UBM has an area

larger than an area of the contact pad.

12. The method of claim 6, wherein peripheral portions of the
first and second UBMs are removed such that the bump overhangs

the second UBM and the insulation layer overhangs the first UBM.

13. A method of making a semiconductor device, comprising:
providing a substrate with a contact pad;
forming a first under bump metallization (UBM) over the
substrate and electrically connected to the contact pad;
forming an insulation layer over the first UBM;
forming a second UBM over the insulation layer after the
insulation layer is cured; and

forming a bump over the second UBM.

14. The method of claim 13, wherein the insulation layer is

polyimide that is cured with a high temperature excursion.

15. The method of claim 13, wherein the bump is lead free.

16. The method of claim 13, wherein the first UBM is titanium,

titanium tungsten, or chromium, and the second UBM is titanium

and copper, titanium tungsten and copper, or chromium and

copper.
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17. The method of claim 13, wherein the first UBM has an area

larger than an area of the contact pad.

18. The method of claim 13, wherein portions of the first and
second UBMs are removed such that the bump overhangs the second

UBM and the insulation layer overhangs the first UBM.

19. The method of claim 13, wherein the insulation layer is

between portions of the first and second UBMs.

20. A semiconductor device, comprising:

a substrate with a contact pad;

a first under bump metallization (UBM) with an area larger
than an area of the contact pad formed over the substrate and
electrically connected to the contact pad;

an insulation layer formed over the first UBM;

a second UBM formed over the insulation layer and
electrically connected to the first UBM such that the insulation
layer is between portions of the first and second UBMs; and

a bump formed over the second UBM.

21. The semiconductor device of claim 20, wherein the

insulation layer is high temperature cured polyimide.

22. The semiconductor device of claim 20, wherein the bump is

lead free.

23. The semiconductor device of claim 20, wherein the first UBM

is titanium, titanium tungsten, or chromium.
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24. The semiconductor device of claim 20, wherein the second
UBM is titanium and copper, titanium tungsten and copper, or

chromium and copper.
25. The semiconductor device of claim 20, wherein the bump

overhangs the second UBM and the insulation layer overhangs the

first UBM.
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