SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTERCONNECT STRUCTURE OVER
SEED LAYER ON CONTACT PAD OF SEMICONDUCTOR DIE WITHOUT UNDERCUTTING SEED
LAYER BENEATH INTERCONNECT STRUCTURE Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a semiconductor device and
method of formin% an interconnect structure over a seed layer on a contact pad of a semiconductor die

without undgrc %&%‘éﬁﬁ&@%ﬁ&h%@i%ﬂﬂe%tﬁ%ﬁa& BHENEE Invention

TRUCTURE OVER SEED LAYER ON CONTACT PAD OF SEMICONDUCTOR DIE
WITHOUT UNDERCUTTING SEED LAYER BENEATH INTERCONNECT STRUCTURE

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming an interconnect structure over a
seed layer on a contact pad of a semiconductor die without

undercutting the seed layer beneath the interconnect structure.
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 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 SRHTESIHUCT dVrcESTREILYE Snitrotshtrbllers) ficroprocessbrE thardet-E8iiled devices
(CODs), selangellss andddigifal gnigea-misakdeviees (DMBskorks, Seampicondystos gevices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electrom&gretit §ign&ls CcbHifolling TR GR UEVICes, faRforminy Surfightto’@Beicit), and creating
visual prejectionsrfor televisieatdisplays.aSeatcanductardevicesware foudd i thesfields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor
devices a%%%ooflgju% Sh nifitary gﬁﬁﬁceati%%g,l RUigtidn, automotive, industrial controllers, and office
equipment. Semicdnduciorcdesicesexpleit thecelectricat properiesafigemiconductor materials.

The atomic structure of semiconductor material allows. it electrif.gl conductivity to be manipul§ted by the
.. ropertﬁe?.o éemkFonductOf mﬁFerﬁ$ S. e aFamLC S ructur? 8

appllcatléon of an electric field or base current or through the process of doping. Doping introduces

impurities #ta then semiconduetor matérialltbananiptkate aad tontrelltheccohductivitycof the Seeiconductor

deviCe. s odh SITIEONOUEIRL deE Contains agive,and pansiye glactiicpl scies, Active
structures, mcl%léllng prO ar an ?Ie ('Ejg ect transistors, control tﬁe?low Ofle ectrical current. By varying
levels of dopmgrandeapplicatioybf ahelevtic field orfbasercurent, thedransistortaitiiergpreomotes or

regﬂCStﬁﬁgﬁ¥{9ﬁ@§CQQﬁgmﬁﬂgﬂsgﬁﬁ%g%ductor 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. FEach semiconductor die is typically

identical and contains circuits formed by electrically



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 Potérifaty Hundreds'6f steps HEroRt-8fd nvaitacifing in “thB%ormation of a plurality of die

on the surtage of asamicgnducten waters Eagh semicenductardie isstypicatly identicat and goatains
circuits formed byHeIectricallﬁ connecting active and passive companents. Back-end manufacturing

involves Sihglating inditittarSeMitbhgudr drefrSmIn8 SinidhedWwater 8nBHakk&Ging the die to provide
structuraksuppori:and esvirprunentahisotationr thederna Iseniconductor, dietias useghherein refers to
both the §in%ﬂlar angé!)lural form of the wordg, %nd accordingly, can reCLert both a single semiconductor
device and® MUitpie Semicondittor d¥ices™? e CHhe'§oat of semi o%ta%cfc;}%gﬁﬁlf%é?iﬁg is to
produce smallerlsemicondueton devices wosmakler devices-typically gbpsumeriesspewer, Mavetttigher

performance,.ar\lndlcan be prod cedﬁmor%efflmentlé/hw a%g[llclon, smaller semlg%rg:dtuctor devices have a

smaller fgotﬁﬁng which IS desirabfe for smaller en proglu s'K %?na?l%%gr%rllcondugfor die size can be

achieveddswimprevements in the front-end process resulting in semiconductor die with smaller, higher

density active and passive co(rjnﬁonoeptss.eBmafga%régu%@ges%%s mfg’lé( Crgsult in serglcgnductor device

. . d .
packages with a smallernfoo(rjbrlnt by improvements in electrical interconnection and pga?ad}ﬁg materials.
A semicosidatio die typicallytontains daintecconnesnstidcturedfor hesuntingthe @i 1o a substrate. For

example, the Jferconnect stouctyre gan be,a; bamp of copdygtive pillar formed,over contagh pagds within

an opening Iin an insulating layer on the semiconductor die. The bump or conductive pillar is bonded to
the substrateshyerefloadythevbump maddalttorovideamecharical aperslactrieal idrréomiect between

the semigonguctor dig and,substiate, Gandugtive.pillacs offer;the,advaptage.gf smaller intgreonnect
pitches and higher interconnect and routing density.
products. A smaller semiconductor die size can be achieved by

improvements in the front-end process resulting in semiconductor
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.

A semiconductor die typically contains an interconnect
structure for mounting the die to a substrate. For example, the
interconnect structure can be a bump or conductive pillar formed
over contact pads within an opening in an insulating layer on
the semiconductor die. The bump or conductive pillar is bonded
to the substrate by reflowing the bump material to provide
mechanical and electrical interconnect between the semiconductor
die and substrate. Conductive pillars offer the advantage of
smaller interconnect pitches and higher interconnect and routing
density.

A seed layer is usually necessary between the

conductive pillar and contact pad of the semiconductor die for



A seed layer is usually necessary between the conductive pillar and contact pad of the semiconductor die
for good adhesion. The seed layer is deposited over the insulating layer and contact pads of the
semiconductor die prior to forming the conductive pillars, and then removed from areas outside a footprint
the conductive pillar, often by a wet etching process. The wet etch is known to remove a portion of the
seed layer under the conductive pillars, i.e., the wet etch undercuts the seed layer beneath the conductive
pillars. HeWePeP dhagrfiting thessedtia P& TeatR tREBERdIGNe Pilfdrs WakeRs tHé hdREsion
between the,eendudive piltass ang Lontast pads of dhe semicondyetay die, deading to jaidt-erasking and
manufacturing reliability problems, The smaller interconnect pitch increases the occurrence of seed layer
undercuthif§ dG816 &R i 1 Précisely EOnirBFthe WEOMER rafe th 246ifion thETHRTuRtive pillars are
formed updo apredge afiibe insidating layepovearsthe semieonductar diet Adigh currept-density exists
around the base of the onducgve illars adjacent to the insulating Igyerhover the semiconductor die,
wiich Incr@SsinterE5ihect reS8ARck CSHITATS of the TivemtioR . Ch. 3Aéed &Y% to form an
interconnectistructiee, soich asta cendtictive pillar orpad, over aseee tayer ondecantast pac of a
semicon%ucé%r ig V\(g%h%éggg%ﬁut%neq tggns&ledtlg%%r belr&elag%ghe ir}g%rch:o‘r;g%ct structure. Accordingly, in
one embddiment, the present invention is a method f ma ing a semiconductor device comprising the
steps of proviching & senycdridu cteranafesyfermivgre fitsh cohductivedayerioverghé semiconductor wafer,
forming & frst insulafing layer.over the semiconduglor wafer, with & irst oRening in, e first Insylating layer
disposed over the first conductive layer, forming a second conductiv layer over the first msuﬂating layer
and into thedirstodpening averitherfifstconduttive layerdformirigea tonddctiveapikarrovertide first and
second condyctive: layers, and remoying,a portionof second condyctive layer aver e first insulating
layer outside the first opening in the first insulating layer while leaving the second conductive layer under
the condiétivetpiliarc The sondubtveopitarhas asvidth [ess tharpa wvidthnsieihe first openihiesintthe first
insulating,layey, . ; 1 1 + Jn @nofer erabadiment, the presentjnventionyis ampethodof making a

semiconductor device comprising the steps of providing a semiconductor wafer, forming a first conductive
layer over e sémivondbieto? WEiEE Fommng Blfirstimsalkting Yaya bvep tHesémicondactor watér with a

first opening;imthe first ingulating layer disposed aven the-first canductivg layer, farming g second
conductive layer over the first insulating layer and into the first opening over the first conductive Layer,
forming &HfinterEdnitect Shiciire over tHerfirsRand SEcditf codittive 1aferB tand Femoving a portion of

second cgpguctivielayer ever the firstirsulatinglayer gytsidethe firstapeniog i the firstinsulating layer.
The interconnect structure has a width less than a width of the first opening in the first insulating layer.
which increases 1nterconnect resistance.

Summary of the Invention

A need exists to form an interconnect structure, such
as a conductive pillar or pad, over a seed layer on a contact
pad of a semiconductor die without undercutting the seed layer
beneath the interconnect structure. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
semiconductor wafer, forming a first conductive layer over the
semiconductor wafer, forming a first insulating layer over the
semiconductor wafer with a first opening in the first insulating

layer disposed over the first conductive layer, forming a second



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor die, forming a first insulating layer over the semiconductor die with
a first opening in the first insulating layer, forming a first conductive layer over the first insulating layer and
into the first opening in the first insulating layer, and forming an interconnect structure over the first
conductive layer. The interconnect structure has a width Less than a width of the first opening in the first

insulating® TAYBF 1 Ve 1K HUnotéiembSdiment thé presérit imientdiGs a®semicdhdudtbrdevice
comprising a semigenduciorgie angdfistraanductive tayer fermedigver the semieenductor die. A first
insulating layer is formed over the semiconductor die with a first opening in the first insulating layer
disposed BV&T e first cBAductived§ér. WSecohtordtidiive ByRr is OB ol EF tHe iRt frsulating layer
and into thedirsktepaning oxepthetfirshcaductive tayet oArd iriercoaneat struciueris founed over the first
and second conductive layers. The inteéconnect tructure has a width less than a width of the first

opening ihthe firstinsulafig BrisFDestifption of thée Drawiigs 9 7 At tifiistrates a PCB with
different types of packages/mountedito ifsssurface; the second conductive layer under

the conductive pillar. The conductive pillar has a width less
than a width of the first opening in the first insulating layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer, forming a first conductive
layer over the semiconductor wafer, forming a first insulating
layer over the semiconductor wafer with a first opening in the
first insulating layer disposed over the first conductive layer,
forming a second conductive layer over the first insulating
layer and into the first opening over the first conductive
layer, forming an interconnect structure over the first and
second conductive layers, and removing a portion of second
conductive layer over the first insulating layer outside the
first opening in the first insulating layer. The interconnect
structure has a width less than a width of the first opening in
the first insulating layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first insulating layer
over the semiconductor die with a first opening in the first
insulating layer, forming a first conductive layer over the
first insulating layer and into the first opening in the first
insulating layer, and forming an interconnect structure over the
first conductive layer. The interconnect structure has a width

less than a width of the first opening in the first insulating



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-3m illustrate a process of forming an interconnect structure over a seed layer on a contact pad
of a semiconductor die without undercutting the seed layer beneath the interconnect structure;

FIG. 4 illustrates a semiconductor die having an interconnect structure formed over a seed layer on a
contact pad of a semiconductor die; FIG. 5 illustrates a semiconductor die having a conductive
pad forméd 6ver a seed layer on a contact pad of a semiconductor die; FIGs. 6a-6g illustrate a

process of forming an intergapnect;striciie Qveh a,seeddayerenratconaet padafais a
semiconductor device comprising a semiconductor die and first
conductive layer formed over the semiconductor die. A first
insulating layer is formed over the semiconductor die with a
first opening in the first insulating layer disposed over the
first conductive layer. A second conductive layer is formed
over the first insulating layer and into the first opening over
the first conductive layer. An interconnect structure is formed
over the first and second conductive layers. The interconnect
structure has a width less than a width of the first opening in

the first insulating
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 3a-3m illustrate a process of forming an
interconnect structure over a seed layer on a contact pad of a
semiconductor die without undercutting the seed layer beneath
the interconnect structure;

FIG. 4 illustrates a semiconductor die having an
interconnect structure formed over a seed layer on a contact pad
of a semiconductor die;

FIG. 5 illustrates a semiconductor die having a
conductive pad formed over a seed layer on a contact pad of a
semiconductor die;

FIGs. 6a-6g illustrate a process of forming an

interconnect structure over a seed layer on a contact pad of a



semiconductor die without undercutting the seed layer beneath the interconnect structure; FIG. 7
illustrates a semiconductor die having the stacked conductive pads formed over a seed layer on a contact
pad of a semiconductor die; FIGs. 8a-8g illustrate another process of forming an interconnect
structure over a seed layer on a contact pad of a semiconductor die without undercutting the seed layer
beneath the interconnect structure; and FIG. 9 illustrates a semiconductor die having the stacked
conductiiEPade s et Bver Hesebu-R98i-on A3%ontatt rHacof d Semiond b eior Hid Prtaited Description
of the Drawmgsnt er conkhe-presentigvention 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 desStribdd i tetiis 61 the b st bteIor 4ehiaving the vertisn’sShiectives, it will
be appresiated by thasedskilted s the @st that théslinterdedstoseover aligeatives amedificatians, and
equivalents as may be included within the spirit and scope of the invention as defined by the appended
claims ard thefr eﬁjifaﬁgﬁtgoa%d%tp%ﬂe(glb the following disclosure and drawings.

FIGs. 8a-8g illustrate another process of forming an
interconnect structure over a seed layer on a contact pad of a
semiconductor die without undercutting the seed layer beneath
the interconnect structure; and

FIG. 9 illustrates a semiconductor die having the
stacked conductive pads formed over a seed layer on a contact

pad of a semiconductor die.
Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

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



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
electricaltd&rr%?ﬁ.npéﬂfetél%ﬁﬁi]ca?&&ﬂbBﬁ@ﬁ’t%, %HéEﬁpaciﬁﬁé‘ﬁﬁﬁu&i?sc,trééigt%]rs, and
transformessereate-a relatienship betwees weltage andicdrentrgcessay torerfosrmelegtrieal circuit
functions. Passive and active components are formed over the surface of the semiconductor
wafer by @%8re’of prEcdssdepd irfthiding 4opihgdEpSSition, pHbtSItiGgfabh§ tétthihy, and
planarizationpapingdntreducesimpesities intothe semiconductor ratetiat by techaigues such as ion
implantation or thermal diffusion. The doping proces mooliiofies the electrical conductivity of semiconductor
material N6 HIRES, trahSrRRir the SAmiCoRaUdior FalHal it arREUIALS), GofdyERar, or
dynamicallycchasging the sermiconductoenmiaterial conductivity iff tesponsedo an electric field or base
current. Transist_ors COBE%% Eevgeior‘_}tsrl 81‘ \éacrt)‘/in tyBgIsn agd gegge%srgf %%9:'%% grrggggd_ as necessary to
enable the transistor to promote or restrict thé Tlow of slectrical current upon the application of the electric
field or base Carrentof the Aetive andpassivevcoiEporents arformeddly layerssafsmatesiats with
different electrical properties. The Jayers.can be formed hy. a variety of deposition technigues determined
in part byltrllw%i&gel %?mga?grjfé]%’eirégeéggégﬁtle%{l f:opgl%%% e%,?}%ﬁ%f%/r%%dye’po%ﬁi%&ﬁlc% ’in\a/lgl\gle chemical
vapor depdsitiorr {C¥ D3 gphysidabvapeor depositibre@RVD)nelecttolic platieg, tdrel electroless plating

processes. faci ayer i generelly patepiec 1o faiy gocions of ctive comngpents, passiyg ggmponents,

or electrical connections between components. e layers can be patterned using
photolithédraphy lwhich imiolees theldepobitivhnef liihe sersitive miatédal, &leg, phisteiesistadver the layer

to be patterned, A pattern is dransferred fram.a photamaskito the photqresistusing light. In one

embodiment, the portion of the photoresist pattern subjected to light is removed using a solvent, exposing

portions &fthBURIERYING |aYér toFel parened o ardtRérémbblinterilthesoHiernk oF the photoresist

pattern natsuRiectsd to Jighty fhe negativie pPhoforesistyisdemaved usinga spiwent, £xpesing portions of
the underlying layer to be patterned. The remainder ofgthe photoresist is removed, leaving behind a

patterned Ry Alterratively! SoRteB/pe’ of tnatRrighkSire phttefrisd By eireERPGeposititd the material
into the areas, gk weids formed BY A Rrevioys depesiiopietelpragess Using teshprigues sech as electroless

and electrolytic plating. .
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.,



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 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 wafePRRHRY fStishing. THe cdmMBinda ¥idcHani&dt akfbih oF tHeabraliviedridestrdsive action of the
chemicalyemeoyes arydrregdlar topagsapiia seswting inca pnifesnly flat suface.g 11ightBacksend
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for SGuBIrACSUBPor afd Endifdnm&taliSoiationP T8 SHgtfAE thé SERTEShductbr it SHe wafer is
scored and brakgmn-alosg nenduactianal regians of thenwafes calbed sawsiieeis asseribesad he wafer is
singulated using a . laser cutting tool or saw blade. After singulation, the individual semiconductor die are
mountec 8 R PackigE sLBLFate that Toltes BIRE O contAcEBRISTSr ITRRESHHETHEN with other system
componemts: tCantaetfpadssfopmed @ves the: semicoaductos tiesate jthenednnectetdbtcontact pads within
the pack%%e.azl'he %Iectkgig%gg:onsn.egtions can gnelomgge Withnsolgjer t()%mg% stu% bumgsl,1 conductive paste,
or wirebonds: Rﬁ‘énc%psu ant orlotﬁér %nol&ing materialis d%posﬁe over the ﬁé%(ﬁaée?o provide physical
support amarelectrisabiSolation uTkie finighed paekage tsothiea Ipserted imtol an eléctricalrsysteme and the
functionality of the semicaonductor device is made availahle to the other system compgnents, FIG.
L lustares S O HEES EOmang & T b 2O P B oo (CBS2 with
plurality éflsesmvenductdrypackages routed bmitstsurfaces Bectrarid devive G0cantiavecdie type of
semicondyictornackage: grmyltiple typesof semiconduatar packages depending,on the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electroni®device'50 ¢arbe btstandalche systemthatigsesthessemicanésctérpaciages to perform one
or more eéggtg@lofygggo%@l@@actyfg@lt;&elcér?g'icaq%g%q 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), dtStkéridlégorfic ebiimdnicatic deviee rAkdrnatigaly 2éle€iFarié Hevice 50 can be

a graphics.gard Retwork Interface gard, o other signal processing-card that can-he insertedyinto a
computer. The semiconductor package can Include microprocessors, memories, application specific
integrate8 eirEGRSAS FE) 2fogRVEIEAIMS - andlof tirE QS RF EikélitsS discréte devidessdor bferto

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 semiconductor 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



semiconductor die or electrical components. Miniaturization and weight reduction are essential for these
products to be accepted by the market. The distance between semiconductor devices must be decreased
to achieve higher density. In FIG. 1, 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, sEREEIT printing: BF oftfe? suftabedtetal 88Fositibrt process Siyhal trates 54 provide for electrical

communicatior, betyweenseach-ehihesemmicanducioepackagesamoasintegeempgaenispand gther external
system components, Traces 54 also provide power and ground connections to each of the semiconductor

packaged. "3t 1194 &R Bibddihe S g BEMiEGHHICTS eVt hES RIS padiiging fvels. First level

packagingts arteghnigue farompehanically andelegtrically attachingdhe semicanductor die to an
intermediate carrier. Second level packaging involves mechanically and electrjcally attaching the
huchs i A B ha

intermediatd &P IS e PEE 17 bih SEMRREES 25 emicoRATAGE dBTCE niay Bl haVe the first
level packagihgy¢here The dielisanechanicallyrard-electricatty movnted diseatiyto the REB. For

the purpgse of illustration, several types of first level packaging, including bond wire package 56 and
flipchip 5 }lgpeséhosv&ﬁl §n‘ﬁ8§’%2. ggaa%ﬁgﬁ%ese%%%??ypgérofwsle%%ﬁa éjvse1 pa%lizaging, including ball
grid arraye(BGA}¥ 60abumpchipt banrrien¢BCC) 2ndualin<dineipackage §DiR)bB 4 vamd ghid array (LGA) 66,

multchip Mgl (YCM),65, Suad fat bonisaced nackpos (QFN) 70, aad shiad fat pacigge 72, are

ac
shown mounted-on epe g upon the System requirements, any combination of
semicondittorfpacksiges, corfiguped withtdmyn inserted into an electrical system

and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 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 can have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 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
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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 sopRistiEAEd FGActichafity? Blctonic déideSCaR BB Tharufactitéd 5ing chehpercémponents

and a stregamiined manwacturing peocesse hbe sesulting devises gre lessiikelydodail and dgsseexpensive
to manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show exemplar

. Yy
semicondlictdr Fadi@ges frIG. ISP ARE FGriRE d&ET of BIP 82HMBGHRE SHEBER™S2 Sthiconductor

die 74 Includes anactive region contaring afadag aredigitakcircuits Implemented as active devices,
passive devices, conductive layers, and dielectric Iavy,ers formed within_the dje and are electrically
Interconnected accordi%@ o the efefctlll?c:CaEI7 d %ig]%rc())f tﬁg %If’e.a}:o?eeri%ﬁiap]le,stﬁ St?r%ﬁﬁ%aﬁ fficlude one or
more transistors; diedess inguetars aeapacitors; resistors, rand-atben eircuivelements formed within the

active region of semicaonductor die 74. Contact pads 76.are or mare layers. of conductive material,
such as G UALY, CopRar fCSE i TaR) kel IND Solf TR0, oGS (A Carid A dlectrically
connectedrtethe ciréuit elenfentsidormectwithinssenfieorductowdiehzid DurirgrassemiBigof DIP 64,

semiconductor die 74 is m untgd tQ an intermegiate C rq’er 78 usiri%g olé:i-silicon fu]gectic layer or
. . 14 t 4 4 .

adhesive matefial sut ogg%%eormal eep%%y B?egoiyc réjs?r? negpa&age%oo yel?us:lu%legl an indulative

packaginganateniabsuct-as polyprerarlceramicl Condectot tedd sl 8ocanid-bomd wires 82sprovide electrical

Interconnect petween, sermicopduetor die. 74 apd DGR o2, Encapsylant84. 15 degosied ovey, the package

for environmental protection by preventing moisture and particles from entering the package and
contaminating semicdrrduetsridie Tduwsrisondowirés 82s, moungrsl Ziplinsirgtessurthecdetail of BCC 62

mounted g RCBA2. Semiconductor die 88.ismpyated to.capier 90 using anynderfill opepexy-resin
adhesive material 92. Bond wires 94 provide first level packaging Interconnect between contact pads 96
and 98. Maldirgreompo G BEEREaPsUlaR 19045 deposiéed 678 sEieBARBGE0PAR*8T aRd bond wires

94 to provide physical sypposhand giggirical isalation forthe dgvige-Gontact pads 192 arg formed over a
surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating tosrelertidddatiorn: Eontact datls 10275k &lacthirdiy Gorrfecied 5 BRe BFfore€conductive signal

tr?;%sBSgg@d%ﬁﬁ 222 Bupnps 404 are-formeghhefween £ontact pads 986 BCGHZ-and cantact pads 102
0 .

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

For the purpose of illustration, several types of
first level packaging, including bond wire package 56 and
flipchip 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
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In FIG. 2c, 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.

SemicondGEtBr 8BTS Sléctricaf afd hethanitally ehRne&tdd s ¢antero6 through bifips 110.
BGA 60 is £leatrieallyand-meshanicalyngomrectied taRLB-82 withra BGAIStyle sesorsblevelpackaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 througiBampEa96. SigRaPings B4 BN umpy 193. R%&Iﬂﬁ?gu&ﬁﬁpéur?&Bfﬁzﬁcapsulant 116 is
deposited ovarsemicopdtcion die-5® and £Lakrier<l 06.toipreviser iy sicab suppert and elactrigal isolation
for the device. ,Thle flipchig semiconductor device provide]és a short electrical conduction path from the
active de@?ﬁigh% SemitbRaactor die 58t Gt tion tracks SR PEB 8¥inBtderto FAdhige signal
propagationrdistande clower capaeitances and Impsdvesaveralliskcuit performandes dn anether

embodiment, the geénicq:nadﬁtljector die 58 can be mechanically and electrically.connected directly to PCB 52
using flipcﬁ‘ip sjtf/]le?lr&ﬂeve p&%f(agmg without intermediate carrier _9[65. FIGs. 3a-3m llustrate, in
relation te FGsnb and Bac2e; ssepitdeess ehforming an dmtepearinege structaterdeer a seed layer on a

contact paéj fa%emic ngu%tor gite.with(iuttunder uttir% the. se%p layer beneathbthe Interconnect
structure. F%.lfa Shows a semicont $c?orlwgfer%qzﬁcwit Ya base substrate material 122, such as silicon,
germanium, gdikurh arsenide lindiuri phosphideorcsikcorscarbities fortstrmturahsdpport. A plurality of

semiconggtoredie,qr companents. 124 is fﬁg@egeogh\ﬁl@flerq%lZQGS&pgggtngpg g pu-active, inter die wafer

area or saw street 126 as described above. Saw street 126 provides cutting areas to singulate
semicondifctdr wafer 1294nterindiviviiat sémicohtlubaot die 24 esult ingIG.rBRsHRWS a cFess-sectional
view of agortion gt 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, andfdiélgctricdayeérs I8Rted WithinL thevdié At ElectHEAIR InksrebRtieded according to

the electrigal design;and.fungctien of the dige Fopexample, thegECHUMAY unted 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 can
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
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 or epoxy resin. The package body includes an insulative

packaging material such as polymer or ceramic. Conductor leads
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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 may also contain integrated passive devices
(IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one embodiment,
semiconductor die 124 is a,flipchig type device. An insulating or dielectric layer 132 is formed

over active sGrace P36 udihg VD 2 CVAER BHinting L5k toafitg, ‘Spray CORMTS: Sift8HMG BF thermal
oxidations dhe dnrsidating-tayer £32 containsone op more tayass of sitieomn dioxide; (Gil2): siigon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (1a205), aluminum oxide (Al203),
benzocy86Gteh8{BRB] < p&i§intiae (BY poIyBERZG G oS (PE)) 0 StlePSGitabie ditfectric material,
In FIG. 3acanselectrically coaductivedayen-bad isfoened @veninsplatingdayerrkB2 using PVD, CVD,
electrolytic plgtin ,elgctroless §Iating rocess, §r oth§£suita le metal de%o%ilgeon process. Conductive
layer 134°Cah BE oha 'or HoreTdyers 6f Al €h, SATNI, Au) 'Ad), Of Otier stitable electrically conductive
material. Conductive layet 134operates tasscontadtpaidscete ctdcallyl canhested otheqincuitsl on active
surface 130, , tbh oughsconductige vjcas fo&medélgrou h insul%tin Lag/er 132.. 9 In FIG. 3d, an
insulatingocr)lr passivation IaﬁIamrlJE.fé1 is formed over insula inlaciélf/lere 2-and %gﬁéﬁéiveqayés’rlfﬁ using
PVD, CVax puintieg,fSpin coatirg; spyay ecatng sireering omthieemah oxiglation BEbhedinsulating 9dyer 136
contains one olré%orgil%)é%rs of 5iq2, Sa{%ll\gél ‘?inOI,\I’i-rrl%Zeq:sd Al203,, or,other material Qa\clingﬁsgggar

. . e} Teve nnect. _hetween ntact
msulatlnéjgnéf structural proper\tfles. portion of’insulating ?ayer 1t36 IS rgmoveccf%y an etching process

through a%h@t@deéi&-layék(h@tls@ownﬁm@nﬂ q}zﬂenﬁrgsaﬁ?ud{i@ppséd) Bversantprpading! condu_ctive
layer 134, In. one embodiment. the yidthof F’e!t’r%?”l%n%WW'{‘ﬂQ%“'@;im laysr 136,and courespgndingly a

width of the exposed conductive layer 134, is 50 micrometers (pm).
support and electrical isolation for the device. Contact pads

102 are formed over a surface of PCB 52 using a suitable metal
deposition process 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. 2c¢, 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
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In FIG. 3e, an electrically conductive layer 138 is conformally applied over conductive layer 134 and
insulating layer 136 using PVD, CVD, electrolytic plating, electroless plating process, or other suitable
metal deposition process. Conductive layer 138 can be one or more layers of Al, Cu, titanium (li), Sn, Ni,
Au, Ag, or other suitable electrically conductive material. Conductive layer 138 follows the contour of
conductive layer 134 and insulating layer 136. In one embodiment, conductive layer 138 is a seed layer

containing rHlfiple agERs o THCU oF FAR anb BIeMtHEalR E8mettcty toScoHiftttive Tyr 134 In
FIG. 3f, asthickjnsulating ayer 44Q4s farmed-exgrdasulating tayes 336 angrcondsictive layer 138. In one
embodiment, insulating layer 140 js a dry-film material with a PEI support film. The insulating layer 140
may hav€ 8RRIEKHESS 87120 PR ACROHIOR O insli&ting’lafer 146 IS rehfove by Subjeciing frradiated
DFR matgrigktocs deverlpperwhichselactivelyidissolves nam-irsadiated portioas of the. DFRywaterial to

create patterned openings 142 in insulati ec_;glalyser 140 disposed over c%n:%ctive Iayerials4 and 138, while
leaving tHe' irFadiated Portore S ths Photorésist madialimict: 11f BRe entisdimeht batterned openings
142 in insuwating-layen 14@ tiave sowidth of 4@ piw,avkick isless dhars thei wickil of openings 137.

Accordingly, insulating layer 140 partiall rhangs openings 137. In another embodiment,
reulating [y 65 140 Cah Lontait g oF e Bre dr S105 N, BIORC TaB08 AIbos, solder resist,or
other phato<seagitive snatétiakiormed bycR¥D, CMbx grinting espincoating rspray coatirg, Isintering or
thermal oxidationtA Qr '%r% Igf insul.atingnla%%ro zho is re 05/39 bé/ngattetrﬂieng%%%p%sounr Lo Uo\/rlight, and

.C1lrCual ) er el T .
developlng to form openings fE and expose a portion 0 conénuctwé Iayer 1 lsposecizover conductive

layer 134withih%atiernéd: operings 187 L Agaimn theewidth of pattémedaspeningsil42 ireinsdlating layer
140 is less thap;the width,of openings 137 sq that insylating layes 140 partially overhangs openings 137.
Alternatively, patterned openings 142 can be formed by Laser direct ablation (CDA) using laser 144 to
remove portieranetihstlating fayet 140%nd expose a portion of conductive layer 138 disposed over

conductive layer 134 within,patternegd openings, 137%.in applications mequiring:fiper intercopnegt
dimensions, as shown in FIG. 3g. . In FIG. 3h, an electrically conductive material is deposited over
conductiveClayér P38 @ithin pattérpet openiiys 42 inGAsmahg kyer 1884BiRy & meétaPd&sosition

process sych-as BYD, QVIpcspyttering. slectiolylic plating, apd electeolgss plating. The conductive
material can be multiple layers of AI,@EaIIadium (Pd), indium (In), Cu, Sn, Ni, Au, or Ag. The conductive

material pRTiaHyF i< paterned opePthgs2 X indRsdating fdyer 12096 Form efiindicaledntifetive pillars
146 as ap intercoaneabsirUCiUre-aver coRduetive lRYeer 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 a non-active, inter-die wafer area or saw
street 126 as described above. Saw street 126 provides cutting
areas to singulate semiconductor wafer 120 into individual
semiconductor die 124.

FIG. 3b 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 may
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138 of semiconductor die 124. Due to the narrower patterned openings 142 and overhanging insulating
layer 140 over openings 137, the conductive material also covers the portions of conductive layer 138
within openings 137 outside of the sidewalls of openings 142, i.e., outside the vertical footprint of
cylindrical conductive pillars 146. In one embodiment, conductive pillars 146 have a height of 40-50 pm.
Conductive pillars 146 are electricallg connected to conductive layers 134 and 138. FIG. 31

shows a top-viBf ofTASUIAng Ry Br 18 aRdTYRRdrical toRadetEMiIas s forfmed Within patterned
openingschdiarthe irsating layehin act ivd1Gu 3k anelectrically eanductive bummp maderial 148 is
deposited over surface 150 of conductive pillars 146 within patterned_openings 142 in insulating layer 140
using an eVaFSration C&ledtrgijtie platingCBittitoled8 Platiy, HAfl tréd, or's&Péen BRRtiTg Bidcess. Bump
material 148 ean brAICSnndL AU Adh Py Bl €us Setder, anrdeembinadions thereef, with an optional flux

solution. For example, bump mater'%a 148 can_be eutectic Sn/Pb, h%l-lead solder, or lead-free solder.

Bump matehal"t48 s Botided (5 stffacE T50°0rEondtetive pillars t48 dSing & siitable attachment or

bonding precese.dn arepembodinwent abumpduatetiakl48 isorefioweddyy heatingahe snatedal above its

melting pg(ljnl; t?{ktorm bumP caps 152? as shOV\T in FIG.gkblndsome@ppllcatl.onshggwoga%%l& are

reflowed asecond tinie to In?pr%c\zlgse ectrical contact to cgngucjﬂ{l/%nplliargef%?%ump caps 2 can also

be comprezsionsbendelitocdonductivespiflarsit46. Conductive pillars 146 and bump caps 152 represent

one type of Interconne t structure_that can be({ormed over cqnductiv% ga)/ers 134 andd138. In FIG.
31, insulating layer 140 Is r%a%sélve%l, lea inogrcy #%h%& conductive ]f)illars 146 W%t?mrbnbemp %ng 152

_clispos_edacﬂﬂei ‘cenductﬁ@dayé_r%Ol%am 188DIn @2 3nivtthe pontion @pd_cmdxmﬁv@ teyyer 138=0ver
insulating. layee 136, 1.e,, ouiside openings, 137, is.temaved by a wetetghjog Pé‘%‘i‘??% %‘g&? the

conductive material covering the portions of conductive layer 138 within openings 1 ide of the
footprint éB¢&ylindricalicohdattve pillaesr £46,akie wet @fching procesd idoesdtot f€move conductive layer

|138 proximate 18 copductive-pillarsskdhy, That is; the, wet etching process gees nek Hederght conductive
et pentoxide (Ta205), aluminum oxide (A1203), benzocyclobutene
(BCB), polyimide (PI), polybenzoxazoles (PBO), or other suitable
dielectric material.

In FIG. 3c, an electrically conductive layer 134 1is
formed over insulating layer 132 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 134 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 134 operates as contact
pads electrically connected to the circuits on active surface
130, e.g., through conductive wvias formed through insulating
layer 132.

In FIG. 3d, an insulating or passivation layer 136 is
formed over insulating layer 132 and conductive layer 134 using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 136 contains one or
more layers of Si02, Si3N4, SiON, Taz05, Al203, or other

material having similar insulating and structural properties. A
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138 beneath conductive pillars 146. The etch stop of conductive layer 138 is controlled in a manner to
occur at the edge of insulating layer 136, i.e., up to the end of openings 137. Since the width of patterned
openings 142 in insulating layer 140 is less than the width of openings 137 in insulating layer 136, the
width of cylindrical conductive pillars 146 is also Less than the width of conductive layer 138 within
openings 137 of insulating layer 136. Semiconductor wafer 120 is singulated through saw street 126
using a sBAFBIade or faser Thttiigto8l 154 fitto intlviddalr<Emit6Adittof die®Z#! 119 PT ¥654 shows

semicondugterdie 1240nith sylindrical cerductive pillass 346 pndbdunp cappdh2rfgrned over conductive
layers 134 and 138. Conductive pillars 146 have a fine pitch for high density interconnect. In particular,
the width DF BpeRfifysClS7 indRSuIBHRG FAEF 138 4HYC tospandingly e width SFeonductive layers 134
and 138 withindthaapeningsdnithe insutatingdayemn ésgreaterithan tiae: Widthrof cylindrical senductive

pillars 146. The wider conductive layers 134 and 138 and conductive material withip openings, 137 in
sulating Bor 156 RERALE Shont dRhOh) afchumt R HARR T hondUCHVEs g ars A DUk he
conductiviesmaternial covering the pantipns of conductive layer 138 within openings 137 outside of the
footprint of conductive Pﬂlaﬁg%(];46, tge vglent eetcﬁréig r%%%% d%eos I&Ot Jemove ca%)nguc i‘é;éla' er 138
proximate to conductive pillars 14%. By avoiding e underéut 6f Conductive %ay?]ar 138 benedth conductive
pillars 146¢thiecadtzelsion betweerdcancrictive pillars 146 ahdysonductivealayer 38 isatmaintained which
Increases joint st th. The narrower.conductive pillars 146 reduce stress on insulating layer 136 which
reduces Er%%ﬁﬁgl‘l%suuialtﬂ% a%%r’ 1§§%hd%§rge§§§s{ taln%fi?tﬁ%ﬁa ?élia%%ﬁ)?. roélegSFIG. 5 shows
semicondulctoridie 1240sits eondurctivelpadssiE6- fophedioyes toAductivetayersei3dcand 138, similar to

FIGs. Ba@gh &9@9%@% 8@%% 1§§ @aggrg fgée Biﬁ@ 1;% m@}geq%g)/elpgerggn%elc}._ I@uoarticular, the width

of openings 137 ininsulating layer 136 and, correspondingly the width of conductive layers 134 and 138
and conduttive materidliwithig the Bpenifys ifthe insulating fayet lisagpéater Heart theowibitty of conductive

pads 156 Theyider conguctiveayers d3fanct 138 and condyativermatesiel witin apenigs 137 in

insulating layer 136 decrease current density around the base of conductive pads 156. Due to the
conductive mageriil ebvEing fieportions of Eondirctivetayer 138/ withihYpenidgs P3Poutside of the

footprint gfgenouctive pads 196 the wet gichingipracess does nat remeue cenguctive layer 138

proximate to conductive pads 156. By avoiding the undercut of conductive layer 138 beneath conductive
pads 156VtHe 4BREsioR behiedi cordidtivepatis/F56 andlcidirctive tayerl 38R Mr&ihtiné®which

Increases jnint steength. 1 Ehe-parrgwer conductive pads 156 reduce stress on insulating layer 136 which
reduces cracking of insulatinlgflayer 136 and Increases manufacturing reliability. FIGs. 6a-69g

illustrate, in relation to EIGE. 1 and 2a-2c, @proteds SRR stadked coductveipdds=sher a seed layer
on a contagt pad 0§ asemisondusier-die ywthow updarcutting theisegsklayensheneath #he stacked
conductive pads. Continuing from FIG. 3f, an electrically conductive material is deposited within patterned

openings RS IAting 15/t 10 Hisposédiovet Cohdubtiva hyér 134 ARG 38°Using & métal
depositiopsroeessosuch & PYD, QWR, spudtering; etectralydie 140 may have a thickness

of 120 pm. A portion of insulating layer 140 is removed by
subjecting irradiated DFR material to a developer which
selectively dissolves non-irradiated portions of the DFR
material to create patterned openings 142 in insulating layer
140 disposed over conductive layers 134 and 138, while leaving
the irradiated portions of the photoresist material intact. 1In
one embodiment, patterned openings 142 in insulating layer 140
have a width of 40 um, which is less than the width of openings
137. Accordingly, insulating layer 140 partially overhangs
openings 137.
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plating, and electroless plating, as shown in FIG. 6a. The conductive material can be multiple layers of Al,
Pd, In, Cu, Sn, Ni, Au, or Ag. The conductive material partially fills patterned openings 142 in insulating
layer 140 to form conductive pads 160. Due to the narrower patterned openings 142 and overhanging
insulating layer 140 over openings 137, the conductive material also covers the portions of conductive

layer 138 within openings 137 outside of the sidewalls of openings 142. Conductive pads 160 are
electrically connected tbcéHtfiiche 15/BFS 138 e 1381 SU L at 1y FIG V6B, & fibtéctive masking layer

162 with patiened epenings 64 is fosed yithin patiernediopeningsi d42 inrinsukying layer, 140 over
surface 166 _of conductive pads 160. The patterned openings 164 in protective masking layer 162 have a
width les§ H&tFa wiGth St patternéd BpeniRgs 1925 iitsutdiiffy BgEFT4ct T4 A&, B¢lan
electricaltyvconduictive majerialds depeositechoversurtage dbbrafrepnductive paes; 160 within-patterned
openings 164 in protective masking%Iayer 162 using a met'ill deépositio& process such as PVD, CVD,

sputtering“digetraifiic plating Cand 8lectrolesaBiating: The Conductive matefial Eahtse Mltiple layers of

Al, Pd, CuaSneNh Auy or &godberconductive miadertal filea @ penaingsdbdni protettivenmasking layer 162
to form con%%(itir\l/e g 5216518 réjgltacI}((ed g\éeracondrutcti\ée pggs %ggdco guctiveap%q:s %@% a_md 168 are
electrlcalﬁpconne% ed to conductive ?ayers 182 and 138 FIG 64 s%o%s a top view of insulating
layer 1400arsgb pratectiveemasking dayeris 2lwitle conddctivetjads k68 formeddvithpe pattemed openings
B o BB IO s IS0 L8 ey i

layer 140 is less than the width of openings 137 so that

insulating layer 140 partially overhangs openings 137.

Alternatively, patterned openings 142 can be formed by

laser direct ablation (LDA) using laser 144 to remove portions

of insulating layer 140 and expose a portion of conductive layer

138 disposed over conductive layer 134 within patterned openings

137 in applications requiring finer interconnect dimensions, as

shown in FIG. 3g.

In FIG. 3h, an electrically conductive material is

deposited over conductive layer 138 within patterned openings

142 in insulating layer 140 using a metal deposition process

such as PVD, CVD, sputtering, electrolytic plating, and

electroless plating. The conductive material can be multiple

layers of Al, palladium (Pd), indium (In), Cu, Sn, Ni, Au, or

Ag. The conductive material partially fills patterned openings

142 in insulating layer 140 to form cylindrical conductive

pillars 146 as an interconnect structure over conductive layer

138 of semiconductor die 124. Due to the narrower patterned

openings 142 and overhanging insulating layer 140 over openings

137, the conductive material also covers the portions of

conductive layer 138 within openings 137 outside of the

sidewalls of openings 142, i.e., outside the vertical footprint
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The smaller patterned openings 164 in masking layer 162 causes a width of conductive pads 168 to be
smaller than a width of conductive pads 160. An electrically conductive bump material is
deposited over the stacked conductive pads 160 and 168 within patterned openings 142 in insulating
layer 140 using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with
an optiorfaf fIGY SORMBACRSr SAAPIEE theShiimp MRaterialéan bé ButdtticBHPB L Rightiead solder, or
lead-freesolderc the bupip mateyial is baaded to heisjackedecondustivepads défanet 168 using a
suitable attachment or bonding process. In one embodiment, the bump_material is reflowed by heating the
material BJ0vEtsS meftthPp&nEroform Binps 176 M SonTe applicatidnE humips 1708 réfidwed a
second tigiejtollpgorove electrical contact to the stacked conductive pads 160 and 168. Bumps 170 can
also be compression bgonded %o, the stacked conductive pa€5,160 ?Ond 168. m S 17% formed over the
stacked conductive patld 160 16 fepteddit oheTps of iHtEHonheEtstritkire over coRductive layers
134 and t38 ohsemiconductof e 124. Altdrhatively dsumps €0 ovet stackpd coaduetive pads 160 and
168 is anOSIZQPr.1 14 In FI hgf, ;LLnnsuLIlaltglg ilg%erlm% is removed, leaving bumps 170 and stacked
conductive’ pa&s 760 angi 168 |sposedS ovVer conductive Fayers 134 and 138. In FIG. 64, the portion of
conductive layer 138 oVer instlating layer k36: e, outside openiigs t137¢ isorenpovedtley a avet etching
process. to the conductive material coverin portions of conductive layer 138 within openings
37, the ot oI DO Led S0 Hbt Tae e EaraL e I e e At b Sonitcive pads 160.
That is, thie Wet etehing protess does ot sindércut condustivetayer 138/bendath condoctivapads 160
and 168. The.eleh sio,of conduclive Javer 138.5 epgtrolled.in qepi ab the edge, gf insyiaing layer 136,
i.e., up to the end of openings 137. Sémiconductor wafer 120 is singulated through saw street 126 using a
saw bladéwpasercutiicetonl P72 iritd hadividoakrsemicoRductondiecr24l 148 @G, Fshdivs
semicondyctongdie 124 with bugps 170 and, stacked conductiyepads; 169 and 168;farmed over
conductive layers 134 and 138. The stacked conductive pads 160 and 168 have a fine pltcﬁ for high
density IftéfdonpecThecRidler EdHductiveYayers 1345 $38ERd TonBUEH e'mbtstiat WithPopenings
137 in insylating. laygr 136 decrgasercurientdensity acungdhe haseof the stacked conductive pads 160
and 168. Due to the conductive material covering the portions of conductive layer 138 within openings

137, the WeFBtchitgEprotesd dBes oPRHGTe Eondutiive F8yer B8 proxitRate 6 tHE skackéacdnductive

pads 1601anrd £68By aveiding:thedindercutiof copdyetivelayern 338 bepeath the stacked conductive
pads 160 and 168, the adhesion between conductive pads 160 and conductive layer 138 is maintained

which InGBRSES Bt SstreRgie TReTHricwer cohdtittive Aoy 1808dtEE 51885 bR fnsulating layer 136
which reguces:cracking of insutatingdayemtafane increases-mapufastwingsreliabijityas showirlGs.
8a-8q illustrate, in relation to FIGs. 1 and 2a-2c, another process of forming stacked conductive pads over
a seed layer b cotttact pdd G SemiEshutetor e withBUFurdatcutling thé Se&d fdyeFBendath the
stacked coneuctive pads.cContiuiag o EkE.x3fcan etegirically conductivauaiertal ks depasited within

patterne enings 142 in ins\tjgi g layer 140 disposed over canductive layer 134 and 138 using a metal
eposiioh oot Tit 2 Puta D! SR EH g tBRe S Lon BORdER €5 CRdLot 1ve

pillars 146. Conductive pillars 146 and bump caps 152 represent
one type of interconnect structure that can be formed over
conductive layers 134 and 138.

In FIG. 31, insulating layer 140 is removed, leaving
cylindrical conductive pillars 146 with bump caps 152 disposed
over conductive layers 134 and 138. 1In FIG. 3m, the portion of
conductive layer 138 over insulating layer 136, i.e., outside
openings 137, is removed by a wet etching process. Due to the

conductive material covering the portions of conductive layer
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plating, and electroless plating, as shown in FIG. 8a. The conductive material can be multiple layers of Al,
Pd, In, Cu, Sn, Ni, Au, or Ag. The conductive material partially fills patterned openings 142 in insulating
layer 140 to form conductive pads 180. Due to the narrower patterned openings 142 and overhanging
insulating layer 140 over openings 137, the conductive material also covers the portions of conductive
layer 138 within openings 137 outside of the sidewalls of openings 142. Conductive pads 180 are

electrically*orheched @SR EGe fay/bro 184 5ha 138, Fhe LORTRIG Ngp of protectiérmhasKing layer

182 with patternediopenings) 184 isifosmedwthin pattemedrepanings 142 dvibsulating fayesi40 over
surface 186 of conductive pads 180. The patterned openings 184 in protective masking layer 182 have a
width les§ Wt s Width ofpatterded oBEMngEA42 ift tnstfatiny ihy&r14g.t tars Hﬁ%e.g n
electricallysgondustive materal is depositecseversisfacetl 8mafaonductve pads 186 withe patterned
openings_ 184 in protective masking layer 182 using g metal deposition process such as PVD, CVD,
sputteriné’#e%e froyac Iaﬁﬂﬁ%ﬁﬁ&%f@%tr%feiiaﬁgti?@ “The du%‘fi\?%q nTatehal Tan 58 mifitipld fayers of
Al, Pd, Cua$arNi, 2, 08 AgeThecbnadctive material 4ills openings184tiniretestive masking layer 182
to form copl%uclti%/te .pnadsl%88€sta§§5%d over, conducti)éle p@gg 1(§r(1)dCo(gduct(ieve.%adss %% and 188 are
electricalﬁ/ Connected’to conductive faylefs 134 ‘dnd 138 F1G. 86 showda top view of insulating
layer 140samdprotéctiveimiasking layer tl82nwith corduictiyve padis 188 fonmetlatithin pattemned openings
184 in the protective masking layer. _ . In_E1G. 8e, protective, masking layer 182 is removed leaving
conduc:ti\‘/%e%eéaéfss1\{3L Stac &égnov)ée?rl%or‘q] S&}\lleop%ad%ple&) ngs P45 M 1195u¥at1ng Slayer

136, the width of cylindrical conductive pillars 146 is also

less than the width of conductive layer 138 within openings 137
of insulating layer 136. Semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool
154 into individual semiconductor die 124.

FIG. 4 shows semiconductor die 124 with cylindrical
conductive pillars 146 and bump caps 152 formed over conductive
layers 134 and 138. Conductive pillars 146 have a fine pitch
for high density interconnect. 1In particular, the width of
openings 137 in insulating layer 136 and, correspondingly the
width of conductive layers 134 and 138 within the openings in
the insulating layer, is greater than the width of cylindrical
conductive pillars 146. The wider conductive layers 134 and 138
and conductive material within openings 137 in insulating layer
136 decrease current density around the base of conductive
pillars 146. Due to the conductive material covering the
portions of conductive layer 138 within openings 137 outside of
the footprint of conductive pillars 146, the wet etching process
does not remove conductive layer 138 proximate to conductive
pillars 146. By avoiding the undercut of conductive layer 138
beneath conductive pillars 146, the adhesion between conductive

pillars 146 and conductive layer 138 is maintained which
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The smaller patterned openings 184 in masking layer 182 cause a width of conductive pads 188 to be
smaller than a width of conductive pads 180. An electrically conductive bump material is
deposited over the stacked conductive pads 180 and 188 within patterned openings 142 in insulating
layer 140 using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with

an options fitik E8fitioA CEOexdm BRIt bumpP e FaPEST b& RUtEttiE SIFPB L hight&ad ¢Bider, or
lead-freeseldere The bugwp matanadis hended tatherstacked.eanduciive pads 180-a16i 188 ysing a

suitable attachment or bonding process. In one embodiment, the bump material is reflowed by heating the

material ABOVET AN P&iht to forR BUMPS 166 SR Sde BppiidatiohR dbdmps 190 arE ¥eflowed a

second time to Improve etectrical contact tanthecstackedeonductive padst180-andi188.iBemps 190 can

also be com(gfrjeﬁlq\;%n onded to the stacked conductive pads 180 and é8§ %umé)s 190 formed over the
ctive C gi Uct

stacked ¢oh pads 180 aniCred feprasent bne e of Intérconh re'gvet cohductive layers
134 and 138 of semichnductos e 24 vAlteraativaly cbimaps 190 ovee stacked conduetivghpads 180 and

188 is an SPOP. . In FIG. 8f, insulating layer 140 is removed, leaving_ bumps 190 a acked

conductiiE et 180 BHETH AECsed o e Enaetd byerd Lo By 198 HPERS S8 ind porion of
conductivienlayes 138 ovepinsalating 1&yerai86, i.eqoutsideopénmys 1137¢ isremdvedtby a wet etching
process. Due {0 the conductive material cqvaring the portions, of gondygtive |ayer 138, within.gpenings
137, the wet etc%mg procegs does not remove con uctiveI}ayer 138 proximate to conauctlve pads 180
and 188. dirat is) dlve wet etching process does aivt undercuytonduativetayertl88 bemddth €dnductive

pads 180 ang, 188.; [he gich.stop of _‘30’%%“@}/%@{&?%]0%8@1@&9%8"?‘12%%_98‘?%34 the §dge of insulating

layer 136, I.e., up to the end of openings 137. Semiconductor wafer 120 is singulated through saw street
126 using aksawp blade torYaseracigtingitbol 192 imto dmgividuarseritonduétor diee 249 layerF|G. 9

shows semigopductor die 124 with bumns190,and stacked,conductive pads, 180 apd 188 fogned over
conductive layers 134 and 138. The stacked conductive pads 180 and 188 have a fine pitch for high

density intéfconnBeE The Wider Eondtittive Vayérs 188 ant 38 and eondbectiveomaieria® within openings

137 in insulating-layer 136 decrease currant depsity, arpundithe baseof dhe stackgd conductive pads 160
and 168. Due to the conductive material coveringthe portions of conductive layer 138 within openings

137, the WePERRiiY protess BES hot FerR6Ve conductivB Sayet 1 38 prdxitFaes $he Statked conductive

pads 180.and 188 By aveiding-thexndescut,of copdyctive: layer138 bepeathdhe wtagkegconductive
pads 180 and 188, the adhesion between conductive pads 180 and conductive layer 138 is maintained

which incte&ses joint Fremgt T helifarfoWwsconduttive pads 186 Yeddée Streds’an sufdting layer 136
which reduces crackiag oh insulading layer 13thard dicreasess@andtacturingireliabilitys 156 While one
or more embodiments of the present invention have been illustrated in detail, the skilled artisan will

appreciafd hat fisditicatishs afd Hdaptitions 8 HEYE embIditients malbé Arsde WRRGt departing from
the scope ot thegpresentrinvention as set tosthda dhe fellovdag cledesreduce stress on

insulating layer 136 which reduces cracking of insulating layer
136 and increases manufacturing reliability.

FIGs. 6a-6g illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming stacked conductive pads over a seed
layer on a contact pad of a semiconductor die without
undercutting the seed layer beneath the stacked conductive pads.
Continuing from FIG. 3f, an electrically conductive material is
deposited within patterned openings 142 in insulating layer 140
disposed over conductive layer 134 and 138 using a metal

deposition process such as PVD, CVD, sputtering, electrolytic
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer; forming a first conductive layer over the semiconductor wafer; forming a first
insulating layer over the semiconductor wafer with a first opening in the first insulating layer disposed over
the first conductive layer;

plating, and electroless plating, as shown in FIG. 6a. The
conductive material can be multiple layers of Al, Pd, In, Cu,
Sn, Ni, Au, or Ag. The conductive material partially fills
patterned openings 142 in insulating layer 140 to form
conductive pads 160. Due to the narrower patterned openings 142
and overhanging insulating layer 140 over openings 137, the
conductive material also covers the portions of conductive layer
138 within openings 137 outside of the sidewalls of openings
142. Conductive pads 160 are electrically connected to
conductive layers 134 and 138.

In FIG. 6b, a protective masking layer 162 with
patterned openings 164 is formed within patterned openings 142
in insulating layer 140 over surface 166 of conductive pads 160.
The patterned openings 164 in protective masking layer 162 have
a width less than a width of patterned openings 142 in
insulating layer 140.

In FIG. 6¢c, an electrically conductive material is
deposited over surface 166 of conductive pads 160 within
patterned openings 164 in protective masking layer 162 using a
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. The conductive
material can be multiple layers of Al, Pd, Cu, Sn, Ni, Au, or
Ag. The conductive material fills openings 164 in protective
masking layer 162 to form conductive pads 168 stacked over
conductive pads 160. Conductive pads 160 and 168 are
electrically connected to conductive layers 134 and 138.

FIG. 6d shows a top view of insulating layer 140 and
protective masking layer 162 with conductive pads 168 formed
within patterned openings 164 in the protective masking layer.

In FIG. 6e, protective masking layer 162 is removed

leaving conductive pads 168 stacked over conductive pads 160.
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forming a second conductive layer over the first insulating layer and into the first opening over the first
conductive Layer; forming an interconnect structure over the first and second conductive layers; and
removing a portion of second conductive layer over the first insulating layer outside the first opening in the
first insulating layer, the interconnect structure having a width less than a width of the first opening in the
first insulating layer. 2. The method of claim 1, wherein the interconnect structure includes a conductive

pillar or coRBuéitelgad. BaFhE Mo BERIHED, FirtherinBadingTermmgF bdfp mateiaf oder the
conductivgi pilar errcendugtive pad. pads 168 to be smaller than a width of

conductive pads 160.

An electrically conductive bump material is deposited
over the stacked conductive pads 160 and 168 within patterned
openings 142 in insulating layer 140 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 the stacked conductive pads 160 and 168 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 bumps 170. In some applications, bumps
170 are reflowed a second time to improve electrical contact to
the stacked conductive pads 160 and 168. Bumps 170 can also be
compression bonded to the stacked conductive pads 160 and 168.
Bumps 170 formed over the stacked conductive pads 160 and 168
represent one type of interconnect structure over conductive
layers 134 and 138 of semiconductor die 124. Alternatively,
bumps 170 over stacked conductive pads 160 and 168 is an SPOP.

In FIG. 6f, insulating layer 140 is removed, leaving
bumps 170 and stacked conductive pads 160 and 168 disposed over
conductive layers 134 and 138. 1In FIG. 6g, the portion of
conductive layer 138 over insulating layer 136, i.e., outside
openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer
138 within openings 137, the wet etching process does not remove
conductive layer 138 proximate to conductive pads 160. That 1is,

the wet etching process does not undercut conductive layer 138
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4. The method of claim 1, wherein forming the interconnect structure over the first and second conductive
layers includes: forming a second insulating layer over the first insulating layer with a second opening
in the second insulating layer disposed over the first and second conductive layers, the second opening
having a width less than the width of the first opening in the first insulating layer; depositing a
conductive material into the second openii\g of the second insulatin% layer to form the interconnect

I Z

structure P&RE 2 ERreraVHG the Se&itFinsGlatiAg Tayet fo ledVeSthe interddriizc Structure with a width
less thandbaavidthiefdhe fiyst:opening iv thefirstdnswating layebur at the edge of

insulating layer 136, i.e., up to the end of openings 137.
Semiconductor wafer 120 is singulated through saw street 126
using a saw blade or laser cutting tool 172 into individual
semiconductor die 124.

FIG. 7 shows semiconductor die 124 with bumps 170 and
stacked conductive pads 160 and 168 formed over conductive
layers 134 and 138. The stacked conductive pads 160 and 168
have a fine pitch for high density interconnect. The wider
conductive layers 134 and 138 and conductive material within
openings 137 in insulating layer 136 decrease current density
around the base of the stacked conductive pads 160 and 168. Due
to the conductive material covering the portions of conductive
layer 138 within openings 137, the wet etching process does not
remove conductive layer 138 proximate to the stacked conductive
pads 160 and 168. By avoiding the undercut of conductive layer
138 beneath the stacked conductive pads 160 and 168, the
adhesion between conductive pads 160 and conductive layer 138 is
maintained which increases joint strength. The narrower
conductive pads 160 reduce stress on insulating layer 136 which
reduces cracking of insulating layer 136 and increases
manufacturing reliability.

FIGs. 8a-8g illustrate, in relation to FIGs. 1 and 2a-
2c, another process of forming stacked conductive pads over a
seed layer on a contact pad of a semiconductor die without
undercutting the seed layer beneath the stacked conductive pads.
Continuing from FIG. 3f, an electrically conductive material is
deposited within patterned openings 142 in insulating layer 140
disposed over conductive layer 134 and 138 using a metal

deposition process such as PVD, CVD, sputtering, electrolytic
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5. The method of claim 4, further including forming the second opening in the second insulating layer by
laser direct ablation to expose the second conductive layer. 6. The method of claim 1, wherein forming
the interconnect structure over the first and second conductive layers includes: forming a second
insulating layer over the first insulating layer with a second opening in the second insulating layer
disposed over the first and second conductive layers, the second openig%having a width less than the

width of tRéFirdtSheringlirfthe FirstihsdatiRg fdyerdandS SHEPBitity & fitst coRductiematerial into the
second opsningafithe seserd insulating layentoiferp efirskgenductive pad. s, Thenmethod of claim 6,
wherein forming the interconnect structure over the first and second conductive layers further includes:

forming a>haskihg 18ker Sleriffe first RBndCERRThatErdl itha thirdEHening-inthE mdsking layer

disposedamer digied openings 142 in insulating layer 140 to form
conductive pads 180. Due to the narrower patterned openings 142
and overhanging insulating layer 140 over openings 137, the
conductive material also covers the portions of conductive layer
138 within openings 137 outside of the sidewalls of openings
142. Conductive pads 180 are electrically connected to
conductive layers 134 and 138.

In FIG. 8b, a protective masking layer 182 with
patterned openings 184 is formed within patterned openings 142
in insulating layer 140 over surface 186 of conductive pads 180.
The patterned openings 184 in protective masking layer 182 have
a width less than a width of patterned openings 142 in
insulating layer 140.

In FIG. 8c, an electrically conductive material is
deposited over surface 186 of conductive pads 180 within
patterned openings 184 in protective masking layer 182 using a
metal deposition process such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating. The conductive
material can be multiple layers of Al, Pd, Cu, Sn, Ni, Au, or
Ag. The conductive material fills openings 184 in protective
masking layer 182 to form conductive pads 188 stacked over
conductive pads 180. Conductive pads 180 and 188 are
electrically connected to conductive layers 134 and 138.

FIG. 8d shows a top view of insulating layer 140 and
protective masking layer 182 with conductive pads 188 formed
within patterned openings 184 in the protective masking layer.

In FIG. 8e, protective masking layer 182 is removed

leaving conductive pads 188 stacked over conductive pads 180.
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first conductive pad, the third opening having a width less than the width of the second opening in the
second insulating layer; depositing a second conductive material into the third opening of the masking
layer to form a second conductive pad stacked over the first conductive pad; removing the masking layer;
depositing a bump material over the first and second conducive pads; and removing the second
insulatin%gyer to leave the interconnect structure. 8. A method of making a semiconductor device,

comprisi ?Némaﬂ&ﬁgSQﬁﬁ&ﬁEﬂ%&ﬂ?ﬁ?nlngs 184 in masking layer 182 cause a
width of conductive pads 188 to be smaller than a width of

conductive pads 180.

An electrically conductive bump material is deposited
over the stacked conductive pads 180 and 188 within patterned
openings 142 in insulating layer 140 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 the stacked conductive pads 180 and 188 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 bumps 190. In some applications, bumps
190 are reflowed a second time to improve electrical contact to
the stacked conductive pads 180 and 188. Bumps 190 can also be
compression bonded to the stacked conductive pads 180 and 188.
Bumps 190 formed over the stacked conductive pads 180 and 188
represent one type of interconnect structure over conductive
layers 134 and 138 of semiconductor die 124. Alternatively,
bumps 190 over stacked conductive pads 180 and 188 is an SPOP.

In FIG. 8f, insulating layer 140 is removed, leaving
bumps 190 and stacked conductive pads 180 and 188 disposed over
conductive layers 134 and 138. 1In FIG. 8g, the portion of
conductive layer 138 over insulating layer 136, i.e., outside
openings 137, is removed by a wet etching process. Due to the
conductive material covering the portions of conductive layer
138 within openings 137, the wet etching process does not remove
conductive layer 138 proximate to conductive pads 180 and 188.

That is, the wet etching process does not undercut conductive
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forming a first insulating layer over the semiconductor die with a first opening in the first insulating layer;
forming a first conductive layer over the first insulating layer and into the first opening in the first insulating
layer; and forming an interconnect structure over the first conductive Layer, the interconnect structure
having a width less than a width of the first opening in the first insulating layer. 9. The method of claim 8,
further including removing a portion of first conductive layer over the first insulating layer outside the first

opening ihtK8firdtIAs&HTg idyef O 18 Fhe HiethR6d of Claim B2 Whktéin formmgtheintércdnngtt structure

over the firshandsecend goadudtive layersdneludesied fernypgarsecondtaswating lyer over the first

insulating layer with a second openlng in the second insulating layer disposed over the first conductive
Iayerthé%%%bhﬁ%ﬁﬁgnﬁfyer 136,71.e., up to the end’of openings 7.

Semiconductor wafer 120 is singulated through saw street 126
using a saw blade or laser cutting tool 192 into individual
semiconductor die 124.

FIG. 9 shows semiconductor die 124 with bumps 190 and
stacked conductive pads 180 and 188 formed over conductive
layers 134 and 138. The stacked conductive pads 180 and 188
have a fine pitch for high density interconnect. The wider
conductive layers 134 and 138 and conductive material within
openings 137 in insulating layer 136 decrease current density
around the base of the stacked conductive pads 160 and 168. Due
to the conductive material covering the portions of conductive
layer 138 within openings 137, the wet etching process does not
remove conductive layer 138 proximate to the stacked conductive
pads 180 and 188. By avoiding the undercut of conductive layer
138 beneath the stacked conductive pads 180 and 188, the
adhesion between conductive pads 180 and conductive layer 138 1is
maintained which increases joint strength. The narrower
conductive pads 180 reduce stress on insulating layer 136 which
reduces cracking of insulating layer 136 and increases
manufacturing reliability.

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.

-26-—



having a width less than the width of the first opening in the first insulating layer; depositing a
conductive material into the second opening of the second insulating layer to form the interconnect
structure; and removing the second insulating layer to leave the interconnect structure with a width
less than the width of the first opening in the first insulating layer. 11. The method of claim 8, wherein
forming the interconnect structure over the first and second conductive layers includes: forming a
second insulating layer over the first insulating Iaﬁgﬁﬁi‘ﬂ?a second opening in the second insulating layer
disposed over the first conductive layer, the second opening having a width less than the width of the first
opening in the first insulating_layer; and depositing a first conductive material into the second opening
of the sel0Hd-ins8lating 187t to form a first conductive pad.

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

providing a semiconductor wafer;

forming a first conductive layer over the semiconductor
wafer;

forming a first insulating layer over the semiconductor
wafer with a first opening in the first insulating layer
disposed over the first conductive layer;

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

forming an interconnect structure over the first and second
conductive layers; and

removing a portion of second conductive layer over the
first insulating layer outside the first opening in the first
insulating layer, the interconnect structure having a width less

than a width of the first opening in the first insulating layer.

2. The method of claim 1, wherein the interconnect structure

includes a conductive pillar or conductive pad.

3. The method of claim 2, further including forming a bump

material over the conductive pillar or conductive pad.

4. The method of claim 1, wherein forming the interconnect
structure over the first and second conductive layers includes:
forming a second insulating layer over the first insulating

layer with a second opening in the second insulating layer
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12. The method of claim 11, wherein forming the interconnect structure over the first and second
conductive layers further includes: forming a masking layer over the first conductive material with a
third opening in the masking layer disposed over the first conductive pad, the third opening having a width
less than the width of the second opening in the second insulating layer; depositing a second
conductive material into the third opening of the masking layer to form a second conductive pad stacked

over the frsEBBRGGLLRETad: Rmbying the Paskirg fier:o I Udeposhingal Blifmp faferfdt 698Fthe first
and secongeaondycivespacls; andidtremewny the seeord insutatingdayerdo feavethegatereennect
structure with a width less than the width of the first opening in the first insulating layer.
in the first insulating layer;
depositing a conductive material into the second opening of
the second insulating layer to form the interconnect structure;
and
removing the second insulating layer to leave the

interconnect structure with a width less than the width of the

first opening in the first insulating layer.

5. The method of claim 4, further including forming the second
opening in the second insulating layer by laser direct ablation

to expose the second conductive layer.

6. The method of claim 1, wherein forming the interconnect
structure over the first and second conductive layers includes:

forming a second insulating layer over the first insulating
layer with a second opening in the second insulating layer
disposed over the first and second conductive layers, the second
opening having a width less than the width of the first opening
in the first insulating layer; and

depositing a first conductive material into the second
opening of the second insulating layer to form a first

conductive pad.

7. The method of claim 6, wherein forming the interconnect
structure over the first and second conductive layers further
includes:

forming a masking layer over the first conductive material

with a third opening in the masking layer disposed over the
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13. 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 with a first opening in the
first insulating layer disposed over the first conductive layer; a second conductive layer formed over
the first insulating layer and into the first opening over the first conductive Layer; and an interconnect
structure formed over the first and second conductive layers, the interconnect structure having a width

Less tharf &bt 6rMReFirst Spefing in-the firbtihSulalifg tagefiaving a width less than

the width of the second opening in the second insulating layer;

depositing a second conductive material into the third
opening of the masking layer to form a second conductive pad
stacked over the first conductive pad;

removing the masking layer;

depositing a bump material over the first and second
conducive pads; and

removing the second insulating layer to leave the

interconnect structure.

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

providing a semiconductor die;

forming a first insulating layer over the semiconductor die
with a first opening in the first insulating layer;

forming a first conductive layer over the first insulating
layer and into the first opening in the first insulating layer;
and

forming an interconnect structure over the first conductive
layer, the interconnect structure having a width less than a

width of the first opening in the first insulating layer.

9. The method of claim 8, further including removing a portion
of first conductive layer over the first insulating layer

outside the first opening in the first insulating layer.

10. The method of claim 8, wherein forming the interconnect
structure over the first and second conductive layers includes:

forming a second insulating layer over the first insulating
layer with a second opening in the second insulating layer

disposed over the first conductive layer, the second opening
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14. The semiconductor device of claim 13, wherein a portion of the second conductive layer over the first
insulating layer is removed outside the first opening in the first insulating layer. 15. The semiconductor
device of claim 13, wherein the interconnect structure includes a conductive pillar or conductive pad.

having a width less than the width of the first opening in the
first insulating layer;

depositing a conductive material into the second opening of
the second insulating layer to form the interconnect structure;
and

removing the second insulating layer to leave the
interconnect structure with a width less than the width of the

first opening in the first insulating layer.

11. The method of claim 8, wherein forming the interconnect
structure over the first and second conductive layers includes:

forming a second insulating layer over the first insulating
layer with a second opening in the second insulating layer
disposed over the first conductive layer, the second opening
having a width less than the width of the first opening in the
first insulating layer; and

depositing a first conductive material into the second
opening of the second insulating layer to form a first

conductive pad.

12. The method of claim 11, wherein forming the interconnect
structure over the first and second conductive layers further
includes:

forming a masking layer over the first conductive material
with a third opening in the masking layer disposed over the
first conductive pad, the third opening having a width less than
the width of the second opening in the second insulating layer;

depositing a second conductive material into the third
opening of the masking layer to form a second conductive pad
stacked over the first conductive pad;

removing the masking layer;
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depositing a bump material over the first and second
conducive pads; and

removing the second insulating layer to leave the
interconnect structure with a width less than the width of the

first opening in the first insulating layer.

13. 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
with a first opening in the first insulating layer disposed over
the first conductive layer;

a second conductive layer formed over the first insulating
layer and into the first opening over the first conductive
layer; and

an interconnect structure formed over the first and second
conductive layers, the interconnect structure having a width
less than a width of the first opening in the first insulating

layer.

14. The semiconductor device of claim 13, wherein a portion of
the second conductive layer over the first insulating layer is

removed outside the first opening in the first insulating layer.

15. The semiconductor device of claim 13, wherein the

interconnect structure includes a conductive pillar or

conductive pad.
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