SEMICONDUCTOR DEVICE AND METHOD OF FORMING RDL WIDER THAN CONTACT PAD ALONG
FIRST AXIS AND NARROWER THAN CONTACT PAD ALONG SECOND AXIS 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 RDL over a contact pad that is wider than the contact

pad along a first axis and narrower than the contac T%ad along a second axis pe endicular to the first
axis. Backgro RDEVICE AND METHOD OF FORMING RDL WIDER THAN

CONTACT PAD ALONG FIRST AXIS AND NARROWER THAN CONTACT
PAD ALONG SECOND AXIS

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 RDL over a contact pad that is
wider than the contact pad along a first axis and narrower than
the contact pad along a second axis perpendicular to the first

axis.
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-



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 YBMiEShdfRYorteticesTReELde ShitRdcortrbliérs, Microptacdsabrdi tRaRjatt “¢sipled devices
(CODs), selar gelis, amdodigital micro-mirror devices (DMDs). Semiconductor devices perform a
wide range of functions such as signal processing, high-sgpeed calculations, transmitting and receiving

electromagnetic signals SEortBIMY ERErOfiE devitdRS rARSBrRing SinigAT & elREtricity, and creating
visual prajeetionsdor televisioadisplays: Semiconduatot fdevices amtatndda the fieldswaf entertainment,

communications,£ovv,er conv%rsion, networks, ;\%m uters, and ¢consumer products. Semll onductor
devices are HIsd fountIf miittary ShpiicatidAs Caniatior AHomotive, SRAISHISY contfoiErs. ahdbffice
equipmeetl ect r on Semieenducior devicestexplait theselettrigat propesties-afrsemicpnductar materials.

The atomé%gtr%gtrlljre oggem'condgcté)é rrl%tgrialfallowtsei S %Ilegtlri(gzgl (Cﬁnd cgviéy to be manipulated by the
application 6fan efectricfisld df base currenﬁ or?ﬁroug THe process ot'e opYng'. Doping introduces

impurities #mta thensSemicondadetor cratedaktiomanipulate ahd controbthecdoneluctivityadfrthersemiconductor

device. com uAiscenallcongluctor d%lcf?‘ gggt@q}gﬁ 8%t|ven%r%% pagsive electnccael gtsruct%%[s. Active

structures, including Ip8|?il’ and teld effect transistor's, control t & flow of electrical current. By varying
levels of dopingresid applidatios of af @factie fleldtorbatevcurrent athe tralnsistdogitiver jpromotes or

resnkﬁsEﬁ?f%%%?&eﬁﬁg@?kgﬁ?%ﬁs?a§$Y%tion, automotive, industrial

controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current, or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical 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.



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 hun@Feds S8tEpS Frdftlénd tnaftadttnfg VELRB B ARSI oFS pltfality of die
on the surfase frasemicandugtar wafer Eagh seaieenductordie istypicallyidentical and contains
circuits formed by electrically connecting active and passive components. Back-end manufacturing

involves SiRGHIETRG MdiliduaPSemiddRducor diefromhans fhishd Wwarer ahd Fackagiflg the die to provide
structuralsippetrtand envitenirendtal isolatioap$he term rsersicanductor diet @siusedihereinvefers to

both the singular and plural form of the wards, and accordingly, can refer to both a single semiconductor
device antdq %ﬁ%@ %gh?@ono ctor't 1fffcae%s.lty ot %Djnee g%%l 'of SemidondtictdH ménufacturing is to

produce smallefosemiconducter devices.csmalerdevicesitypically consumestesspawer, have higher

performance %nd can beCProdu ed. more efficiengl . !,:n addigon, smaller semicquductor devices have a
1dén lCc’:h an con lf’lS ClﬁCU.l g o&m? E% electrica CR{J . .
smaller footprint, which'is desirable for smaller end products. A-smaller semicondtictor die size can be

achieveddynimeprovemeatstinthe front-ead processaresuliagtis senticariduetar die with smaller, higher
density agllye, 30 passiye Compenenis. Back:and procesaes may [esulln semicondyglor geyice
packages with a smaﬁernf%otpnnt y |mprove?;nents in electrical interconnection an pacl%aglng materials.
FIG. la illGstwrateslzecdriventibral senficonductordevied 10avitthsemicondactor dieldewafer 12 in a fan-in

or fa”'oué‘é’%ec@ﬁ‘f%l'lc“%@%%?P%K%g%l(n\(y%?o?ﬁ[)er??gfﬂc‘l%é%%ﬁ 12 hag.an agfive surface 14 and

contact pads 16 formed on the active surface. An insulating or passivation layer 18 is formed at the wafer
level over’ aetiviecsundare- o4 afld €ontaet padd 16 Agortian be insutatingdayertigissentovedby an etching

process tgexnose contact pads 46, An insulating or pagsivation; layet, 20 is.formed.at the wafer level over

insulating layer 18 and the exposed contact pads 16. A portion of insulating layer 20 is removed by an
etching pfocasstd expose eonthet pads 48V TRE opefintin iAsulatirmgayep 18 isipically 20 micrometers
(pm) in orgderte have good electrical characteristics to contact pads 16. An electrically conductive layer 22
is formed over the exposed contact pads 16 and insulating layer 20. Conductive layer 22 operates as a

redistribution layer (RO ®I6&@AcaIR cotfBER O CTrtact iSRS ‘Conditive Idyer 22 i&ifds beyond

the openigg-in irsulating layar2e te laterally sedistribsie the-elegiticalinteregpnect 1 gontact pad 16. An
insulating or passivation layer 24 is formed over insulating layer 20 and conductive layer 22. A portion of

insulating’fAy8F2# is fetfio&d'6y an'&tding 175E8ss16 Ba'eoRductive 1a§ér 22 et éetifical

interconngéte efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
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.

FIG. la illustrates a conventional semiconductor
device 10 with semiconductor die or wafer 12 in a fan-in or fan-
out wafer level chip scale package (WLCSP). Semiconductor die
12 has an active surface 14 and contact pads 16 formed on the

active surface. An insulating or passivation layer 18 is formed



FIG. Ib shows a plan view of semiconductor device 10, taken along line Ib-Ib of FIG. la with focus on
contact pad area 26. The width of opening 28 in insulating layer 20 to expose contact pad 16 for
deposition of conductive layer 22, and the width W16-22 of the contact surface area between conductive
layer 22 and contact pad 16, is 20 pm. The width between adjacent conductive layers 22 is 10 pm. An
opening width il)(6_88 of 20 pm is necessary for good electrical characteristics between conductive layer

22 and cAnttabtfad$ 16 HOWEGer, dVBTo e OVEN Y bFmStlatifig Fayer 200\t ‘contatt pad-16

completely arornddhe spntact padia egrtaiwidth and pitebpb centast pae 16+skegujred to maintain the
interconnect surface area between conductive layer 22 and contact pad 16. In one embodiment, a width

of contadt paAABSs 4B FHPARE e BoMatt FAT pitdt? is 53 Pmt FoF 4210 pih Kerlporinsiiatiy layer 20
over condugtive layerikb aratmneopening 28;thearidih-\W20_20ds 2030120 =40 pay dheicontact pad
pitch of 50 p bg‘acomes ar%r cess Jimitation due t% the width W20_20 (width of o ening§8 lus overlap
Width) neRHed ToF GOt SoAct SHTAEIRHRACS. I the wilti 6. 3 of opeRiHuLZ8 e fodiicad further, then
the contazt characteristies between eanduictive payer22sanc centactpad a6 tis dimipishedl Summary of

the Invention . A need exists to form an RDL qver a contact with high alignment tolerance.
oo B o e b B e R A e i
comprising:thie steps oflproviding avsemicoddedtordie; foriniad arffestteconusictive layer overta surface of
the semigondhctor dieforming 3 first insuating,laver aver the surfas of the semicondygtor e, forming &
second n?su ating layer over the first insu gtlng ayer and?lrst c%nductlve I%yer, and forming an opening in
the secorcinssfatingdayercdver ake first candudtivedayer. Thelopehing €xtends béyond tee first

conductive, layer gyer first and secand,opposing £dges %Weﬂg%gowqéﬁpfe é%eéé'ﬂl”_‘éatf?gsecond

insulating layer overlies the first conductive layer with respect to third and fourth opposing edges of the
first condeetives layed peperrlicidarttorthe firstand sevohdBpposingpedyesiar thefiesttdnductive layer.

The method further inclydes the steps of forming; a segand. conductive Jayer,avey the first and second

insulating layers and over a portion of the first conductive layer within the opening in the second insulating

layer, and $6thfifg BXRira indtRatiglaysr 6ver the seesra eefdudtivedapérard fist ahfl secbAd insulating

layers. insy1i-anpiherembodiment; the Aregent inyentionds.a methedof making.a semiconductor
device comprisin%the steps Or;q%EOViding a semiconductor die, forming a first conductive layer over a
surface of & Sernitohdticto? it F6rhiiRg it instlating 1BYSTover tive first EBhalbdtvé 1ageicand surface

of the semicondugtor e foryinga secand.condustive layes hayingsa Width dhatds Jessithaaa width of the
first conductive layer along a first axis, and forming a second insulating layer over the second conductive
layer and’frstirsufating fayeraFheé SEESRE L8R ctive layer has a width that is greater than a width of the

first conductive layer along.a secenbads peppendieulartothe fistiddsductor device 10,
taken along line 1b-1b of FIG. la with focus on contact pad area
26. The width of opening 28 in insulating layer 20 to expose
contact pad 16 for deposition of conductive layer 22, and the
width Wig2, of the contact surface area between conductive layer
22 and contact pad 16, is 20 pum. The width between adjacent
conductive layers 22 is 10 pm. An opening width Wig_22 of 20 pm
is necessary for good electrical characteristics between
conductive layer 22 and contact pads 16. However, due to the
overlap of insulating layer 20 over contact pad 16 completely
around the contact pad, a certain width and pitch of contact pad
16 is required to maintain the interconnect surface area between

conductive layer 22 and contact pad 16. In one embodiment, a



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 conductive layer over a surface of the

semiconductor die, forming a first insulating layer over the surface of the semiconductor die, and forming
a second conductive layer over the first conductive layer that is wider than the first conductive layer along
a first axis and narrower than the first conductive layer along a second axis perpendicular to the first axis.

In anothef Eibodiment thé presf imfention 4s abmigdfdddtsr &VicE ebmpficing’d Semiconductor die
and first gandugtive fayer formed,avera suace ef thesseraiconductak die. Adfirst/iasulating layer is formed
over the surface of the semiconductor die. A second conductive layer is formed over the first conductive
layer thatiSRIEF than the ¥irdt conddtive RyBP &Y% fifst akidand iarfolet thart the first conductive
layer in axgecond axis-pempendicularte the fiesi axiso Adssecondrnsifating jayepisciormedover the second

conductive layer and first insulating layer. Brief Descrjption of the Drawings FIGs., la-Ib shows a
conventiii ER oLt i lived T AL DT wliiai ol RAGERERAS 25 IO 2
illustratesapsinteceeiteuit baard(P CB) anithudifferent dypescofpackages maurted ta its sarface;t

the width W2, of opening 28 is reduced further, then the
contact characteristics between conductive layer 22 and contact

pad 16 is diminished.
Summary of the Invention

A need exists to form an RDL over a contact pad with
high alignment tolerance. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor die, forming a
first conductive layer over a surface of the semiconductor die,
forming a first insulating layer over the surface of the
semiconductor die, forming a second insulating layer over the
first insulating layer and first conductive layer, and forming
an opening in the second insulating layer over the first
conductive layer. The opening extends beyond the first
conductive layer over first and second opposing edges of the
first conductive layer while the second insulating layer
overlies the first conductive layer with respect to third and
fourth opposing edges of the first conductive layer
perpendicular to the first and second opposing edges of the
first conductive layer. The method further includes the steps
of forming a second conductive layer over the first and second
insulating layers and over a portion of the first conductive

layer within the opening in the second insulating layer, and



FIGs. 3a-3c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 4a-4o illustrate a process of forming an RDL over a contact pad with a high alignment tolerance;
FIGs. 5a-5c illustrate the semiconductor die with the RDL formed over the contact pad; and

FIGs. 6a-6f illustrate alternate embodiment of the RDL formed over the contact pad. Detailed Description
of the Drawings The present invention is described in one or more embodiments in the following

descriptidrPivith 1efeterrde- totheFijutéd SR Whid ke AURErdIS FefrRSBRCthE FAE b Eitnilar elements.
While the inyentiemis desesibed il teymscefdhe best modedon aghieving 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 iRclGd8& WithirPIHRSHIFEAHd sddle EFthE SVentioR s d&fihetby'the appended
claims angthiedequivalentsras suppatteddndthetfoltowing idisclosureainei drawings. steps of

providing a semiconductor die, forming a first conductive layer
over a surface of the semiconductor die, forming a first
insulating layer over the first conductive layer and surface of
the semiconductor die, forming a second conductive layer having
a width that is less than a width of the first conductive layer
along a first axis, and forming a second insulating layer over
the second conductive layer and first insulating layer. The
second conductive layer has a width that is greater than a width
of the first conductive layer along a second axis perpendicular
to the first axis.

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 conductive layer
over a surface of the semiconductor die, forming a first
insulating layer over the surface of the semiconductor die, and
forming a second conductive layer over the first conductive
layer that is wider than the first conductive layer along a
first axis and narrower than the first conductive layer along a
second axis perpendicular to the first axis.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
conductive layer formed over a surface of the semiconductor die.
A first insulating layer is formed over the surface of the
semiconductor die. A second conductive layer is formed over the
first conductive layer that is wider than the first conductive
layer along a first axis and narrower than the first conductive

layer in a second axis perpendicular to the first axis. A



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of

electricalI&TeNt PASSVEEILLHichPE6hporerter 8Gch 83 tapadifors SRAtctorS resistoty Sand

transformeyscgreate;a relatienship betwaenyvaltagerand current necessary to perform electrical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by a series of process steps including doping, deposition, photolithography, etching, and
planarization. Doping introducesriigfirbes dxophe sandrthst@raatanigsby techniques such as ion
implantation or thermal diffusion. The doping process modifies the electrical conductivity of semiconductor
material in active devices, transforming the semiconductor material into an insulator, conductor, or
dynamically changing thecemitenrdictehmaterial conductivityrin responsedodancelectric field or base

current. Transistors contain fegions pfvarying types and degrees of doping anged as necessary to
enable thetransistor to promote or restrict the flow of €lectrical currént l?pont e application of the electric

field or base current. FIG. Active antpassiveaxomponends are fonmeddnelagersigfinaterials with
different Ie]gtrrical Broperties. he la ers.can be formed by a variety of dte osition techniques determined
in part bygthe t%g 0 mta\fgr?eﬁ boeﬁ]é3 gpgsqtee%. E%Pgligﬁf&e? tﬁi%?ilrﬁudrep%%ﬁibn can involve chemical
vapor deposition (CVDy Lgysictd vaporidepusiticrn: (P\IDY); ehectrobeicaplating, drideelectroless plating

processes. Fach layer is generally pafiarned fo form portians of acivg comnanenis,passive components,

or electrical connections between components.
FIGs. 4a-40 illustrate a process of forming an RDL

over a contact pad with a high alignment tolerance;

FIGs. 5a-5c illustrate the semiconductor die with the
RDL formed over the contact pad; and

FIGs. 6ba-6f illustrate alternate embodiment of the RDL

formed over the contact pad.

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



The layers can be patterned using photolithography, which involves the deposition of light sensitive
material, e.g., photoresist, over the layer to be patterned. A pattern is transferred from a photomask to the
photoresist using light. 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 Usthg 8 EBIVeRt, KPSy Portiors BF theSiterlying1ayér o be patterheat ¥he Pémaitider of the
photoresist iscresieveds ieaving behing a pattesned éayerAliernatively. seme types/efynatesials are
patterned by directly depositinglthe material into the areas or voids formed by a previous deposition/etch
process USIRg fecHiiguds Sudh & Bibtirdle’s ahti%el8rdiViic fiatingSe °F “Depositing a thin film of
material gveriaroexisiing pattierncaan exaggeratedhe nindedying fattern and create e nor-uaifarmly flat
surface. A uniformly f51a§tI surface js required to produce, smaller and more densely packed active and
passive GEBORENLS, IARAME b GATF6R GB5d to HiGYe e ok Hié Suvacs BF e sidter and
produce aaniformlyfflat sutfaee.1Plaharzatioreinvalves potishing the: suraee et-theiwafer with a polishing
pad. An abrasive m%tgrial an%corroﬁ:ge cheg1ci%a}_j are ggdgq_ (‘g%the s%rface %tklf,he a%alflfr. urir%% polishing.

omgone uc asS ansil S (ST} a S 1
The comglne]a meéharﬁcaﬁ action of the abrasive andacorroswe action o?ft%e chemica ren¥oves any

irregular topographyt, nesultingrincd uaifermly flat Sudace: Back-errth rrainudacturiag refeeslto cutting or
singulatincqj'%\e finishcesd waferﬂnto the indi\éiggal die aprgo{[hgg(p]gscka%iggitg% giresforastrgctural support and

. onegrn uc as, K C a ors
environmental isolatiorf. To singulate fHe semiconductor ale, fhe wafer is scored’ and broken along

non-functioral s&gions 0f thewatsrcalled santstreets op strtfes: Shevwafer iesingdlated-using a laser
cutting tor%greggvg%ﬁdceq AgIéef fc,j)qulaet'p&y}el '@gl'iviglﬁl g&fyc%q}g{% ig are mounted to a package
e

substrate that Includes pins or contact pads for interconnection with other system components. Contact
pads formed over the semigdrguctbfdiecdrethers @BRAEERH T0 TbAtale pads withitrthehsackage. The

electrical.connections:can, be made with solder bymps, styd humps; condyetiye paste, ot wirebonds. An

encapsulant or other molding material is deposited over the package to provide physical support and
electricalisslatich.TFhe'frished packselisthen Inseriedlint ey efstival Systeiand #glfunctionality of

the semiganductor device,is made, ayailable 1o the-ather sysiem-GrapeRenis he FIG. 2 lllustrates
electronic device 50 having a chip carrier substrate or printed circuit board (PCBz 52 with a plurality of
@%éqﬁ or

semicondficterpackages malited bhlitsurfa e ElctifpnicdeVicé 503&m
semiconducderpRackager asawitiple fpesfsemjconducterspackagesdepending e the agplication. The

different types of semiconductor packages are shown in FIG. 2 for purposes of illustration.
conductivity of semiconductor material 1n active devices,

transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
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



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
computef T semicsAdEcter packayelSaitimeide MrrOprodEsors SmeRibifedl aPplication specific
integrated £iredits ASHS), logiGCifayits i analog €irgdits,\RF stekiits giscsgtedlavicese or other
semiconductor die or electrical components. Miniaturization and weight reduction are essential for these
products t&'BBHULCRPR K tHelfnG ket Prie dREENEE D&t e REeRTEonFRIBPE&ENESs must be decreased
to achieve higher densitye layerk H&n 2,£GR b24ravdes aigenesalsubsirate tor stiugtural support
and electrical interconnect of the semiconductor packages mounted,on the PCB. C,oniiuctive signal traces
54 are follRad bveP A SLate of ST Ryers OFPCE 52 Hbihg SVABGINIOR, BRCTOMTL pIinG, lectroless
plating, spreetroprirdting; pr other suitableametal depasitipn precessdSignal traces b4 pravide for electrical
communitcag%répgtweﬁ% ach of the semiconq(ugctgr @%ckaﬁhes mountedﬁcom oner]f:sgﬁ%d othIer external

r r ro a hotomas OLOoresis us.in 1 . n
system componeni%. races g14 als% provfae power c’ill’lde un‘cti connections to eqac € semiconductor

packagesne embdd soareembodinpents iasemicdritectdradsviceshas twa packagisg leyets: &rst level

packaging IS ate r%nique for megl&anicalgl and eleftricajcly attaching the seméconductcg ie to an
intermediate céﬁlﬁer. Second level pélci%ag%gain\s/glv\ég %éch%ﬁc%?ly%%dpﬁéctﬁgglfy aftac %lr?g the

intermedialt@_ear?r'reim@ thleiE’_@B_. mou@rmm@m& glsemhcgn@@(;toﬁ_tﬁ@vide‘mWGnlyHQve the first
level packaging where the die s jpechanically and electrically mounted directly toithe PCBy, For

the purpose of illustration, several types of first level packaging, inCluding bond wiré package 56 and
flipchip 58caretShswiPbRPCR $2s Additionalyi@everal $ypes of seebndiével parraging, including ball

gﬂda”a%g¥%ébﬁg’of the underlying layer to be patterned. The remainder
of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a
previous deposition/etch process using techniques such as
electroless and electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
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



bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module
(MOM) 68, quad flat nonleaded package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination of semiconductor packages,
configured with any combination of first and second level packaging styles, as well as other electronic
components, can be connected to PCB 52. In some embodiments, electronic device 50 includes a single

attached SERFEDRIUERS fdtkade "WhE BtHEr Erfbodimentd Gallfr ulipié indrcorieitéd Sackages. By
combiningoheserimgre: semicondector packages-aversnsipglersubsirate,ynaagiirers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sOpfisAcAtRE functionalify? Blettonid GeViEEs G4 BE Maiufdired i§in Thehpécomponents
and a streamlined manubacideng precessndhe fesidting devices aielessdikelyre faih asd less expensive
to manufact¥ e resulting iQ a lower cost for ,consumerz}. FIGs. 3a-3c ho%/v gx%gngzg%g
semicondifctdrPacikales "ERS 3 fhstrates fither detdil BROT 64 mSunted oh-BEB B2 "$ericonductor
die 74 indludes anactive gegion tontairing anakaiear digitalcircaits gnplemented as«active devices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrjcally
interconnec eldvéggo??iinaetgjtﬁé réi%ehc r?coaﬁ dé%i%nao% hé %Pe?%?e&%m%l@%@é%ﬁ%uﬁ%%ﬁ l|Cr1rc lJJC e one or
more transistorsi miodess inductors ocapacitoes; resistdss, fand dthee ciccuntelemients fariied within the
active region of semiconductor die 74, Contact pads .76 are one or mqre layers of conductive material,
such as a grﬁﬁﬁurﬁ %ﬁ%)er%o%grgpf&f)n%ﬁ '(Snza)é,:onltli)&ae(f]EN8,a ggosld Rﬁg?eogr sﬁggf (ztg%,eand are electrically
connecteglctothe citoyit elenderits darenedhwithincsemicordudtor dientd GurirPassentihly of Die 64,
semicondugtar. die 74 is,mournted to an jatermediate carrier 78.using 4 geld-silicon eytegtic layer or

adhesive material such as thermal epoxy or epoxy resin. The package body Includes an insulative
packagingunateriabsiych 83pplymetcrderamics Gonductor deadsi8Ganddbond Wires 82 provide electrical

Interconnegt between, semicopductor diey 74 apd PCB 52, Encapsulant 84 is depasited,over the package

for environmental protection by preventing moisture and particles from entering the package and
contamirafifig 3emicehdiictor dlie 7aorvorrilwipe®B2rt and pHe JrfostatesFdrhedetail of BCC 62

mounted wgﬁﬁ%@aﬂ?ge@%@r die 88 ismoynted:quer capier 30 using apynderfill ar.epoxy-resin
adhesive material 92. Bond wires 94 provide first level packaging Interconnect between contact pads 96

and 98. MaHding Gonmpodid 8rarddpsubint 100 iS YR pESHET 6VErsetfiitofuctdr 8RS8 and bond wires

94 to proyide physical support apdelectrical isglation-fos 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 oxidatidh: ContactpaidsitarelEI6ETiRAh cofftectéd tF ohé br foré coRdBctive signal

traces 544a:RGB:52s Busns1@4 are formeddetween eontast pads 88af BGE 62iand gontact pads 102

of PCB 52, , . -
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. 2 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
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In FIG. Sc, 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.
Semicon8Gctdr 8?58 s SleCiitdily 2Rd Widchahitaly teRReteldo caFrict48® througifbumps 110.
BGA 60 is:electdeallyandmechanicalys gompected to-PEB 52 with-a B& A styte-secongklevel packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through BdMPE 119" SignBRfirfet?£14 Hhd BimpBs 113 - ArBItRg SotipSund 6 éndapsulant 116 is
deposited pypersemiconduelor diei 28 andcarierck06-torpravide physical supperi and eleaireal jsolation
for the deviceg The flipchip semiconductor device provides a short electrical conduction path from the

active de¥ibas Bh SemicBhdictor die 58 0 édrduction tacks onPEBBY inBrd8H{&reduce signal

propagatiosrdistande clower ¢apacitances and impiovecayerakt cireuit perfarmancel ta ahothesind
embodiment, tgg SGQJ[C%@d-Ug}Pf q_jg 5(§Scsannge ghlecpggicgg ggd erlecéri%%llby Qcoonrbecteéjc%iéqulﬁ/ fjto PCB 52
using fIipY:Vﬁi%)gs y e'first level pacﬁaging Without intermediate carrier 106. (GS 4ako ustrate, in
relation to ¥IGse2 madBat3c, arprocess ohforming andRDL sveria codtact pad dwthia highmalignment
toleranqebgl(é. é%esgg\évg ga%ergicggggcto Wag(-:érrlz eWisthi@ b.asfe substrate material 122, such as_silicon,
germanium, gallium arsenide, indium pﬁosﬁﬁl e, or silicon garblde, for structural support. A plurality of
semiconductor die or cempgoHents 122 iSformedormwefes 120separatéd byes hoalactiferinter-die wafer

area or saw,sireet 126 aéu%?&fipegﬁc?oﬁev?@@’i%%%t 126 Hrovides cutting greas to singulate

semiconductor wafer 120 into individual semiconductor die 124. FIG. 4b shows a cross-sectional
view of agsortior ofigerhitondactor vade 20! tEathoserhicondiétor diecr2dRas dhatkBurface 128 and

active suface 130 containing analog gt digita! cireuits implemented s active devigesppassjye devices,
conductive layers, and dielectric layers formed within the die and electrically interconnected according to
the electiical desRirear finton of IRCHECEDF examplet i cirélitmby MEsde Bhe lof Pore transistors,

diodes, and,qther ¢ircuitelementsfopmed within agtive syiface 13Q 1o, implement apalogcircuits or digital
circuits, such as digital signa5la4)rocessor (DSP), ASIC, memory, or other signal processing circuit.

SemiconddEiBr dietF2F ity s @ EOMtafTintedrafetPpasshicde e AP B} et ith &SindEgtors,
capacitorsz and fesistors, farREsighal precessing da onegmbediment sesmicardyctandie 124 is a

flipchip type die. .
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

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,

-11-



An electrically conductive layer 132 is formed over active surface 130 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 as contact pads electrically connected to the circuits on active surface
130. Contact pads 132 can be disposed side-by-side a first distance from the edge of semiconductor die

124. AlteRiEtveRy? tBntaRt pads 135 can BeloffsBtan miukiplé P6wB SGER Hvat %Pﬁl%qf r&ff of &8RAct pads is
disposedca-fikst distance(frem)the @dge.of the diei @ndaiseconduow obeontaetseadsialternating with the
first row is disposed a second distance from the edge of the die. Conductive layer 132 can be rectangular,
circular, d\?ﬁ%@p@ﬁ&&‘?ﬁe (OFN) 1 BiG. Zedaffrslidtriy o PFassiitionday Er £34° 1838 ed over active
surface Ig@uanckeonductive layer 1324tsingl PV, (AR, prirtingy spincaatingi sprayreaatingngintering or
thermal oxidation. The insulating la %'é% contains one or more layers of silicon dioxide (5i02), silicon
nitride, (STREBL SN by B ColN . Co Al A PERRS e FOBOLT HGRINLAY S A203)
benzocyclobittene {BOB)ppolyimide (BHdpekybenzoxXazotels (RRQ ) sutagbletdialeetricamatesial, or other
material having similar_insylating and structural properties, A portion of insulatin 34 is removed by
o iDL 1Tt & Bbrore S T LRt Sum T TR SPaingo A it expidbe
conductiveolayer B2 dnmonetembedmmentpopenidgsy 138 i ihsutatingdayeral 3 arelectagonal, as shown
in FIG. 4d. FIG, 4d shows a plan view of conductive layer 132 and jnsulating layer 134 along
directionglta{:x?sc%gg aﬁg%}r%%ﬂgyvﬁﬁ%a%s 136 %% ee’nd‘?gl}clu zL;\Ereto(%é)/(}‘l%se 53?“%%%1.?36n}osarceélgeisc%i%]éd in terms
of views takéhialdrg sunfaces 020 of substraté d204n thédirectioniofiaxds ¢85 amd views taken along
surface 120p.in the direction of axis 1360, o IFIG: 48 @ dnsulating o passivatignlpyer 137 is
formed over insulating layer 134 and the exposed conductive layer 132 using PVD, CVD, printing, spin
coating, Spray Toatwig,osintefing 0f therdsal oxitaeidAnThe insutatinkelayer137 cortainssene 8fmore
layers of S$102. 213N4.:310N, Ea205, AZQ3, BQR. Bl £BQ-suitable diglectric;material, or other material
having similar insulating and structural properties. A portion of insulating layer 137 is removed by an
etching pPeEEssIRictRIHCA phBrésistiayérto fofmIpenitiysCLIBERG eRp6Sealportion of conductive
layer 132with respect toqinsulting layer 13/, asshowinindd G, 44 along-swrface;120a in the direction of

axis 135. FIG. 4g shows openings 138 along surface 120b in the direction of axis 136.
manufacturing process. The resulting devices are less likely to

fail and less expensive to manufacture resulting in a lower cost
for consumers.

FIGs. 3a-3c show exemplary semiconductor packages.
FIG. 3a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit 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
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In one embodiment, a portion of insulating layer 137 is removed by subjecting irradiated DFR material to
a developer which selectively dissolves non-irradiated portions of the DFR material to create patterned
openings 138 in insulating layer 137 disposed over conductive layer 132, while leaving the irradiated
portions of the photoresist material intact. Alternatively, patterned openings 138 can be formed by
Laser direct ablation (LDA) using laser 139 to remove portions of insulating layer 137 in apfélications

requiring TABF riRBfEBRAREEL ditfensibns, R8ShBHNR FHEPAN afind’ddifdce 1568 h R Hirection of axis

136.  dieFiG. disshewsa plancvwewofinsdatingiloyee 134 rwitk patternesliopenings 138 formed
through insulating layer 137 to expose portions of conductive layer 132. In particular, patterned openings

138 in insUlathi fayer 157 exfendB&ond oplstsiiy ¥6g8% 1834 and 1498 ot TohBG&iE ayer 132 in the
direction epaxis 136, whilenswdating layend 3¢ ovrHigs apposingnedgessk32mandch332d of cenductive
layer 132 in the direction of axis #3§5%%ﬁrpendicu£ar to the direction of axis 136. A width %1; %atterned

0 nda

openings E38 RI&ES tHAh S Widt diciveIayEFts2 h re'difettion of aXis 35, a fdth of the
patterned openiigd isgreaterdhan a widty otieordustive 1ayer 132tathe directiorbeftaxis 136. In

FIG. 4j, an electrically conductive layer 142 js formed within_patterned openings 138 over the exposed
coniuti By 102 A Surtace L USRS cRcion 3 A8 L o a P hAg A meta
depositionyprocesssuchcas panting, R/D,1CVDnsputiéring,; electtolytic plating,carhélectroless plating.
FIG. 4k shows conducti\(/?e Ia%(:erC 1@% écérn%ed within, patterne i(}))%e.niarll S 138 Quer the exposed conductive

. t . :
layer 132 and Fn%ﬁ?atl%a a)I/Ders 134 and 13 1Z%Ioenrgl; surface 1 the direcfion of axis 136. Conductive

layer 142ccart bacoaformally applied: thifotlow the<ontourof nsufatiorrlayers21:34 and 137 and

conductive layer 132. %(ila;d.u%ti}ge ilgﬁqfslt%c&%esra%%%gg RRL gheftrj)cgllgggn@c%cggggggggductive layer
132. Conductive

on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Bond
wires 94 provide first level packaging interconnect between
contact 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 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. 3¢, 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
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layer 142 extends in a direction parallel to active surface 130, beyond patterned openings 138 in
insulating layer 137 in the direction of axis 136, to laterally redistribute the electrical Interconnect to
conductive layer 132. In FIG. 41, an insulating or passivation layer 144 is formed over insulating
layer 137 and conductive layer 142 along surface 120a in the direction of axis 135 using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. FIG. 4m shows insulating layer 144
formed o%ﬂiﬁ%&la}iﬂé layet IB7HPEGHR ICtiTe Fayd? 142 &0R§ Sarface 1206 the direction of axis 136.
The insulating dayer d Acontains ©neLriporElayersof1ISk02% I13N4nSKINp 5a20% Al203, BOB, PI,
PBO, suitable dielectric material, or other material_having similar insulating and structural properties. A
portion of insulating layer’142%s t€movEd by drfethiry protesL titdagH f%)h%%]l%%f& fYef fo expose a
portion congudivedayer 142zapngsyiface d20hdn thesdiregiinrkeipixisy 136 ontsideadeotprint of
conductive layer 132 for electrical_Interconnect. . In FIG. 4n, an Iectricalg/ conductive bump
material i%edré{)%%ﬁgél OUEF the ' Sxkposed Tondtctive aer 145 %Tbrhegcéiﬁéc%olfdﬁ fAth& diection of axis
136 using agrevaporations elettrotytieqiatig, electiolgssplating, a0l drep gardcreen sinting process.

The bump material ca Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and or%gin ions thereof, with an

optional f?unxrgséhfﬁ{?gns. goggeXan?\plgot%gjbfh%g e gﬁgg%:a%rbeeggt%%ﬁgqs% b,%gh-}és’ad solder, or

lead-freecsatdey i The bomsprmeterial isBorded taldendiuttive daysr 14 2<using & suitablecattabhiment or

bonding rOCESS: In one em]t_)gdigne&tétpeecbcurm% glat(i:‘rsial 5 reflowgdojl_;y @&gtig% \t7hlecrenater' I eabove its
[ e

. 1at .
melting ou%st(%?c?rm Bﬁﬁ\%% 146. In some applications, %u%plsoﬂ are reflowed a second time to Improve

electricalfcbhtadt 1o c@ﬁ@d@ti&ﬁ@dg&l&pﬁ@.@B@ﬁ@s@%@&iﬁals@ behcompressiontharded to conductive_:
layer 142 Ansunder burp metallization (UBM) layer gag beformed befween fumps,146;and; gonductive

layer 142. Bumps 146 reépresent one type of Interconnect structure that can be formed over conductive
layer 142 Thednt&reérirratt straciuse eanaidd use studdidap, rhicrs ®UAS of bilierlelectrical

"“aton@%%pagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flipchip style first level packaging without
intermediate carrier 106.

FIGs. 4a-40 illustrate, in relation to FIGs. 2 and 3a-
3c, a process of forming an RDL over a contact pad with a high
alignment tolerance. FIG. 4a 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 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. 4b 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,
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FIGs. 4n and 4o illustrate semiconductor wafer 120 singulated through saw street 126 using a saw blade
or laser cutting tool 148 into individual semiconductor die 124. FIG. 5a shows semiconductor die 124
along surface 120a in the direction of axis 135 after singulation. FIG. 5b shows semiconductor die 124
along surface 120b in the direction of axis 136 after singulation. Semiconductor die 124 is electrically
connected through conductive layers 132 and 142 to bumps 146. The patterned openings 138 expose a
portion oFCORtRICHVE Faye? AP Wit FES et EtFinSGring Yay&r a3 7- eohatictive fayBr 148 isfdtmed over
insulating: layees) £34 and 487 anchtherexposed conduetiverlayar132 Sinee insatatingdayer 137 overlaps
conductive layer 132 in the direction of axis 135, the width of conductive layer 142 is less than the width
of conduétie1d)eF 182 itk difdtioh of A%isiss. cartfuchivé Tyer 145 Exiénd<beyortdpposing edges
132a-132mefeendustive tayend 32 in the direetinnsof axisdd6., Since insiHating-layen 187 does not
overlap conductive layer 132 in the direction of axis 136, cong tive layer 142 extends completely over
conductiVe &6P 132 batlieh 84568 1425 A A2E FEoRdactve RyaF 25 "o AFIE e shows an
enlarged plarcviewnsofcontilgtive layeirs ¢32 and 142candmnsdlatingdayeril3da In pne @mizadiment, the

width Wligs congg %‘\Ige IagI%ElBZ iso40 gg%land Lg}hle qu_h Wlo3(:2 1532 of %cir}:déjcy\t/e layer 132 is 45 pm.
More genera )) the pitc o?con&&’c’tiveﬁayer 32 car?jrangepﬁomGfﬁ)-éé1 ficroneters; The patterned

openingssSE38i inansulating ladee 187 extend béyand-oppesing edges 132adndal832bvef conductive layer
132 in the direction is \L36, while insulating layer 137 overlies opposing edges.132c and 132d of
conduc:ti\%leel\éﬁ/ére f3§ %r?ﬁge)ldiresc%%fﬁ oall%x%snfp ,%Xe%én |(8:€I%F%o%ﬁ1%gdireac%§n%? Axis 136, The width
W148, offcondiictive fayet 142 is greatecthan anwidtle V¥132elofreariductive iayenddtinthel direction of
axis 136.1p @ngsergb%i%eég,itget\%@ W.248, of conductive layer 142 is 70 pm and the width W132e of
conductive layer 132 is 40 pm. Conductive layer 142 overlaps insulating layer 134 and extends beyond
edge 132a of conductive lagee 382 hyal1-1 32ardi2atantWiBeer142b¢t ies, diralsRid oveslap of

conductive ayer L3, Thatds, W1323142 s he widh ofcondustve Jayer 142 betueen edge 132 o

conductive layer 132 and edge 142a of conductive layer 142, and W132b-142b is t e width of conductive
layer 14XBéween @itfe P32h-6Fchritieaes fayep 132 dtredge 1420 6f BGiduetivePayer 1420 In one

embodimept, Wss. 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 as contact pads
electrically connected to the circuits on active surface 130.
Contact pads 132 can be disposed side-by-side a first distance
from the edge of semiconductor die 124. Alternatively, contact
pads 132 can be offset in multiple rows such that a first row of
contact pads is disposed a first distance from the edge of the
die, and a second row of contact pads alternating with the first
row is disposed a second distance from the edge of the die.
Conductive layer 132 can be rectangular, circular, oval, or
polygonal.

In FIG. 4c, an insulating or passivation layer 134 1is
formed over active surface 130 and conductive layer 132 using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 134 contains one or

more layers of silicon dioxide (Si02), silicon nitride (Si3N4),
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-132a-142a and W1321)-1421) are 10-20 pm, e.g., 15 pm. In addition, the width W142d of
conductive layer 142 is Less than a width of conductive layer 132 in the direction of axis 135. In one
embodiment, the width W142d of conductive layer 142 is 10 pm and the width W132f of conductive layer
132 is 40 pm. W132c-142e is the width of conductive layer 132 between edge 132c of conductive layer
132 and edge 142e of conductive layer 142, and W132d-142 is the width of conductive layer 132 between

edge 134" ueiive fdyet 82 b Btlge 145¥0t LIRdBERRYEr142 /i BRé entbotiheHE:
W132c-142¢ @nd \W133d4142are-L0-20 pah e:8nd 5 @uaslhe widthof ceatage interface TI132e between

conductive layer 132 and conductive layer 142 is at least 40 pm for good electrical characteristics, e.g.,
low contdtt TESISRNRE 2T RE EontacEinterfatt &rdali§ at teakt 46x 10 W0 P2 Moré B Ui expose
conductiveslayer 332 mathiregpeatio insultingslayet 134 inthe dualside:ovarlag; adkigh adignment
tolerance Is gchieved for conductive layer 142 witfiout sacrificing the contact Interface wl32e by Wi4zd.

through a photoresist layer (not shown) to forming openings 133

and expose conductive layer 132. 1In one embodiment, openings

133 in insulating layer 134 are octagonal, as shown in FIG. 4d.

FIG. 4d shows a plan view of conductive layer 132 and
insulating layer 134 along directional axis 135 and directional
axis 136 perpendicular to axis 135. FIGs. 4e-40 are described
in terms of views taken along surface 120a of substrate 120 in
the direction of axis 135 and views taken along surface 120b in
the direction of axis 136.

In FIG. 4e, an insulating or passivation layer 137 1is
formed over insulating layer 134 and the exposed conductive
layer 132 using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 137
contains one or more layers of Si02, Si3N4, SiON, Taz05, Al203,

BCB, PI, PBO, suitable dielectric material, or other material
having similar insulating and structural properties. A portion
of insulating layer 137 is removed by an etching process through
a photoresist layer to form openings 138 and expose a portion of
conductive layer 132 with respect to insulting layer 137, as
shown in FIG. 4f along surface 120a in the direction of axis
135. FIG. 4g shows openings 138 along surface 120b in the
direction of axis 136.

In one embodiment, a portion of insulating layer 137
is removed by subjecting irradiated DFR material to a developer

which selectively dissolves non-irradiated portions of the DFR

material to create patterned openings 138 in insulating layer
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FIGs. 6a-6f shows alternate embodiments of insulating layer 137 and conductive layers 132 and 142. The
shape of patterned openings 138 determine the shape of conductive layer 142, including rectangular,
oval, rounded corners, and polygon. FIG. 6a shows an oval shape elongated in the direction of axis 136
for patterned openings 138 and conductive layer 142. FIG. 6b shows a generally rectangular shape with

rounded corners for patterned openings 138 and conductive layer 142. FIG. 6¢ shows a generally polygon
shape eldrigated fPthecdirétiioh d%%&%s“f&téf’c?r ptefred dpeniffs 138 HRIVCdHlUEHFe layer 142. FIG. 6d

shows anothergenerallypelygen shape elengated i-theidirection of axis 136 fospatterned openings 138
and conductive layer 142. FIG. 6e shows a generally rectangular shape with extensions in the direction of

axis 136 for patterned OpEfRihGE 138N cotiuctive Ry eria2 BRS. 6f showd a Gendraif Fecta¥gular
shape witharasinded:ends fappattersed apeningssti3gand sendudivedayerctddre portideach case,
patterned gpenings 138 in insulating layer, 137 extend beyond opposing .edges.132a and 132b of
conducti\?e(%laﬁ/gf'S %?{23 e gi?é’c?i%nlog)éxfsnlféfp 'féaiﬁgﬁlgﬁnép %%Jr]gép}’%\/%ﬂ?eesropposing edges 132c
and 132di efteonductive tayet 132 4n thes directiothofvaxis 435 1perpendicllat 4o the disectioncofaxis 136.
The width Wi0%8 of conductive Ia%/er 142 iissgéreater than a width TI132e of conductive layer 132 in the

direction %?a%sﬁé%%ﬂ?%ﬁé oerrlnt?odir%éﬁfcj the width TI1142c of conductive layer 142 is 70 pm and the width

W132e of conductive layet.132iistopm. €ondactiveikyeri42 overdapsiimgulating tayiet 4,34 and extends

beyond edgghlsz f conductive Ia%/er 13% ?é/ \@/132a-c%.4g§and Wh132b-1ff29r. Le,, (liual sid% derlap of
conductive IayeF%%.QFﬁeft#s,o\ﬁlen s OEIE POHGH HHSHLAtLngT Sayer
to expose portions of conductive layer 132. 1In particular,

patterned openings 138 in insulating layer 137 extend beyond
opposing edges 132a and 132b of conductive layer 132 in the
direction of axis 136, while insulating layer 137 overlies
opposing edges 132c and 132d of conductive layer 132 in the
direction of axis 135, perpendicular to the direction of axis
136. A width of patterned openings 138 is less than a width of
conductive layer 132 in the direction of axis 135, and a width
of the patterned openings is greater than a width of conductive
layer 132 in the direction of axis 136.

In FIG. 43, an electrically conductive layer 142 is
formed within patterned openings 138 over the exposed conductive
layer 132 along surface 120a in the direction of axis 135 using
a patterning and metal deposition process such as printing, PVD,
CVD, sputtering, electrolytic plating, and electroless plating.
FIG. 4k shows conductive layer 142 formed within patterned
openings 138 over the exposed conductive layer 132 and
insulating layers 134 and 137 along surface 120b in the
direction of axis 136. Conductive layer 142 can be conformally
applied to follow the contour of insulation layers 134 and 137
and conductive layer 132. Conductive layer 142 operates as an

RDL electrically connected to conductive layer 132. Conductive
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-132a-142a is the width of conductive layer 142 between edge 132a of conductive layer 132 and edge
142a of conductive layer 142, and W1321, 1421, is the width of conductive layer 142 between edge
132b of conductive layer 132 and edge 142b of conductive layer 142. In one embodiment, W -132a-142a
and W132b-142b In addition, the width W142d of conductive layer 142 is Less than a width of
conductive layer 132 in the direction of axis 135. In one embodiment, the width W142d of conductive layer

142 is 10 M %ndthe GatPAAS2E Bf BonddEive YayerP23is ol prh OWASEVEA S tRE Svidth of
conductive-kayer 132 betwermedge 4 82¢ of canductivedayarsk3Zhand edge 142 of gondudctive layer 142,
and W132¢1-142f is the width of conductive layer 132 between edge 132d of conductive layer 132 and
edge 1471 of SoRdG&IVRTager 42 iPond 8mbdtihant WISsti £42e BHE Wi3sc L1851 4re 0 20 pm,

e.g., 15 pmtEhewidth of coptach tderdace, W 1l32erbataeen conductive

In FIG. 41, an insulating or passivation layer 144 is
formed over insulating layer 137 and conductive layer 142 along
surface 120a in the direction of axis 135 using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal
oxidation. FIG. 4m shows insulating layer 144 formed over
insulating layer 137 and conductive layer 142 along surface 120b
in the direction of axis 136. The insulating layer 144 contains
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1203, BCB, PI,
PBO, suitable dielectric material, or other material having
similar insulating and structural properties. A portion of
insulating layer 144 is removed by an etching process through a
photoresist layer to expose a portion conductive layer 142 along
surface 120b in the direction of axis 136 outside a footprint of
conductive layer 132 for electrical interconnect.

In FIG. 4n, an electrically conductive bump material
is deposited over the exposed conductive layer 142 along surface
120b in the direction of axis 136 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 142 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 146. 1In some applications, bumps 146 are reflowed a

second time to improve electrical contact to conductive layer
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layer 132 and conductive layer 142 is at least 40 pm for good electrical characteristics, e.g., low contact
resistance. The contact interface area is at least 40x10 = 400 pm2. More generally, the width of the
contact interface between conductive layer 132 and conductive layer 142 can range from 20-40
micrometers. The width between adjacent conductive layers 142 W142-142 is at least 35 pm. By
increasing the size of opening 138 to fully expose conductive layer 132 with respect to insulting layer 137

in the dudl*side oVEMRY, - RighSHgnTeTt tdlerdreBP s achiéTe P S8 GiveaFer-tds Rithout
sacrificing 4he eontagt interfacenwd32e by Wi42d.111 zat 1\While vBe or ragiererabadinents of the present
invention have been illustrated in detail, the skilled artisan will appreciate that modifications and

adaptatioh28 T EMBORINMENE tndy' Be PAdE MtHB G defarting fron the"scdpeBtine pesent
inventionrascseiderih inihe follpwingrelaims rClaiMsct structure that can be formed

over conductive layer 142. The interconnect structure can also
use stud bump, micro bump, or other electrical interconnect.

FIGs. 4n and 4o illustrate semiconductor wafer 120
singulated through saw street 126 using a saw blade or laser
cutting tool 148 into individual semiconductor die 124. FIG. 5a
shows semiconductor die 124 along surface 120a in the direction
of axis 135 after singulation. FIG. 5b shows semiconductor die
124 along surface 120b in the direction of axis 136 after
singulation. Semiconductor die 124 is electrically connected
through conductive layers 132 and 142 to bumps 146. The
patterned openings 138 expose a portion of conductive layer 132
with respect to insulting layer 137. Conductive layer 142 is
formed over insulating layers 134 and 137 and the exposed
conductive layer 132. Since insulating layer 137 overlaps
conductive layer 132 in the direction of axis 135, the width of
conductive layer 142 is less than the width of conductive layer
132 in the direction of axis 135. Conductive layer 142 extends
beyond opposing edges 132a-132b of conductive layer 132 in the
direction of axis 136. Since insulating layer 137 does not
overlap conductive layer 132 in the direction of axis 136,
conductive layer 142 extends completely over conductive layer
132 between edges 142a and 142b of conductive layer 142.

FIG. 5c shows an enlarged plan view of conductive
layers 132 and 142 and insulating layer 134. 1In one embodiment,
the width Wi3; of conductive layer 132 is 40 pm and the pitch Wiss-
132 of conductive layer 132 is 45 pm. More generally, the pitch

of conductive layer 132 can range from 30-50 micrometers. The
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a semiconductor
die; forming a first conductive layer over a surface of the semiconductor die; forming a first
insulating layer over the surface of the semiconductor die; forming a second insulating layer over the
first insulating layer and first conductive layer; forming an opening in the second insulating layer over
the first conductive layer, the opening extending beyond the first conductive layer over first and second
opposingPéddestdrtte firsttbhdtictive’ layBr whitd Hid s8ConPivtalating I&7Er Veriiks®hBYirst conductive
layer with-paspechty thirdandifeneth opposingredgesfithe firsteondugtive layer in the

direction of axis 136, while insulating layer 137 overlies
opposing edges 132c and 132d of conductive layer 132 in the
direction of axis 135, perpendicular to the direction of axis
136. The width Wis. 0of conductive layer 142 is greater than a
width Wisze of conductive layer 132 in the direction of axis 136.
In one embodiment, the width Wis;. of conductive layer 142 is 70
pum and the width Wisze of conductive layer 132 is 40 um.
Conductive layer 142 overlaps insulating layer 134 and extends
beyond edge 132a of conductive layer 132 by Wizza-1422 and Wisop-142p,
i.e., dual side overlap of conductive layer 132. That is, Wizza-
1422 1s the width of conductive layer 142 between edge 132a of
conductive layer 132 and edge 142a of conductive layer 142, and
Wisop-142p 1S the width of conductive layer 142 between edge 132b
of conductive layer 132 and edge 142b of conductive layer 142.
In one embodiment, Wiszs-142a and Wissp-142p are 10-20 pm, e.g., 15
um.

In addition, the width Wizq of conductive layer 142 is
less than a width of conductive layer 132 in the direction of
axis 135. In one embodiment, the width Wijs,q of conductive layer
142 is 10 um and the width Wisze 0of conductive layer 132 is 40 um.
Wi32c-142¢ 1S the width of conductive layer 132 between edge 132c
of conductive layer 132 and edge 142e of conductive layer 142,
and Wiszg-142¢ 1S the width of conductive layer 132 between edge
132d of conductive layer 132 and edge 142f of conductive layer
142. In one embodiment, Wispe-14a2¢ and Wispg-142¢ are 10-20 pm, e.g.,
15 pm. The width of contact interface Wisz between conductive
layer 132 and conductive layer 142 is at least 40 um for good
electrical characteristics, e.g., low contact resistance. The

contact interface area is at least 40x10 = 400 pm?. More
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perpendicular to the first and second opposing edges of the first conductive layer; forming a second
conductive layer over the first and second insulating layers and over a portion of the first conductive layer
within the opening in the second insulating layer; and forming a third insulating layer over the second
conductive layer and first and second insulating layers. 2. The method of claim 1, wherein the opening in
the second conductive laﬂ?éé extends beyond the first and second opposing edges of the first conductive

layer by £6:207itidmefers "8LHe MétHod of AR £ whéreir fife Sedtnd iRSMafing Gveftied the first
conductivesiayer with respect ée the-thirdeands fpstrthiopposing edgegeofttherdirstoconaluctive layer by 10-20

mkxomegﬁ%rometers. The width between adjacent conductive layers 142
Wig2-142 1s at least 35 pum. By increasing the size of opening 138
to fully expose conductive layer 132 with respect to insulting
layer 137 in the dual side overlap, a high alignment tolerance
is achieved for conductive layer 142 without sacrificing the
contact interface Wisze by Wigog.

FIGs. 6a-6f shows alternate embodiments of insulating
layer 137 and conductive layers 132 and 142. The shape of
patterned openings 138 determine the shape of conductive layer
142, including rectangular, oval, rounded corners, and polygon.
FIG. 6a shows an oval shape elongated in the direction of axis
136 for patterned openings 138 and conductive layer 142. FIG.
6b shows a generally rectangular shape with rounded corners for
patterned openings 138 and conductive layer 142. FIG. 6¢c shows
a generally polygon shape elongated in the direction of axis 136
for patterned openings 138 and conductive layer 142. FIG. 6d
shows another generally polygon shape elongated in the direction
of axis 136 for patterned openings 138 and conductive layer 142.
FIG. 6e shows a generally rectangular shape with extensions in
the direction of axis 136 for patterned openings 138 and
conductive layer 142. FIG. 6f shows a generally rectangular
shape with rounded ends for patterned openings 138 and
conductive layer 142.

In each case, patterned openings 138 in insulating
layer 137 extend beyond opposing edges 132a and 132b of
conductive layer 132 in the direction of axis 136, while
insulating layer 137 overlies opposing edges 132c and 132d of
conductive layer 132 in the direction of axis 135, perpendicular

to the direction of axis 136. The width Wis. of conductive layer
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4. The method of claim 1, wherein a width of the second conductive layer is greater than a width of the
first conductive layer between the first and second opposing edges of the first conductive layer, and a
width of the second conductive layer is Less than a width of the first conductive layer between the third
and fourth opposing edges of the first conductive layer. 5. The method of claim 1, wherein a width of a
contact interface between the first conductive Iaﬁ/er and second conductive layer ranges from 20-40

micrometef€. 65THE RidtRod bfeRif 17 viHerelrazpiteh of st edRdd@Nelayetvanges fom 30-50

micrometers:e 4 Bethad ekmakingsa semicanguictornsievices 60MpFisingy priding, 8 semiconductor die;
forming a first conductive layer over a surface of the semiconductor die; forming a first insulating layer

over the fifdt @B dictive tayeantd SurtaceoF tHe settcdnfuctoridig; Waze of conductive

layer 132 is 40 pm. Conductive layer 142 overlaps insulating
layer 134 and extends beyond edge 132a of conductive layer 132
by Wisza-1422 and Wissp-142p, 1.e., dual side overlap of conductive
layer 132. That is, Wispa-142a 1s the width of conductive layer
142 between edge 132a of conductive layer 132 and edge 142a of
conductive layer 142, and Wiszp-1420 1S the width of conductive
layer 142 between edge 132b of conductive layer 132 and edge
142b of conductive layer 142. In one embodiment, Wisza_1424 and
Wi32p-142p @are 10-20 um, e.g., 15 um.

In addition, the width Wisq of conductive layer 142 is
less than a width of conductive layer 132 in the direction of
axis 135. In one embodiment, the width Wis,q of conductive layer
142 is 10 pum and the width W3¢ 0of conductive layer 132 is 40 um.
Wi3zc-142¢ 18 the width of conductive layer 132 between edge 132c
of conductive layer 132 and edge 142e of conductive layer 142,
and Wispg-142¢ 1S the width of conductive layer 132 between edge
132d of conductive layer 132 and edge 142f of conductive layer
142. In one embodiment, Wispe-14a2¢ and Wispg-142¢ are 10-20 pm, e.g.,
15 pm. The width of contact interface Wis between conductive
layer 132 and conductive layer 142 is at least 40 um for good
electrical characteristics, e.g., low contact resistance. The
contact interface area is at least 40x10 = 400 pm?. More
generally, the width of the contact interface between conductive
layer 132 and conductive layer 142 can range from 20-40
micrometers. The width between adjacent conductive layers 142
Wig2-142 1s at least 35 um. By increasing the size of opening 138
to fully expose conductive layer 132 with respect to insulting

layer 137 in the dual side overlap, a high alignment tolerance
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forming a second conductive layer having a width that is Less than a width of the first conductive layer
along a first axis, the second conductive layer having a width that is greater than a width of the first
conductive layer along a second axis perpendicular to the first axis; and forming a second insulating
layer over the second conductive layer and first insulating layer. 8. The method of claim 7, further
including forming an opening in the second insulating layer over the first conductive layer, the opening

extending Be§ohd BEfirst Eondtitive Fayerover fifst ahd“setbh Opposiigredgesiardné fifst conductive

layer whilesthe=segond irsulating tayer ayerlies the first conductive layer with respect to third and fourth
opposing edges of the first conductive layer perpendicular to the first and second opposing edges of the

first conductive layer. 8" Thé nf&thod of BRIH 7= RAteriidibdingfofMingPs B ihsdtifg Y&t over the

surface af the: seiconductos chie: paar tofoasingithe firstdnswating tayer.t 18 ahhe method of claim 7,

wherein the width, of the sqcond c($nguctive,la¥er 5 go{eatgr tk%ant the wid%h oft H‘le first conductive layer
along the"§&dond axi§ by 1020 HidronetsrsOns arc 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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11. The method of claim 7, wherein the width of the first conductive layer is greater than the width of the
second conductive layer along the first axis by 10-20 micrometers. 12. The method of claim 7, wherein a
width of a contact interface between the first conductive layer and second conductive layer ranges from
20-40 micrometers. 13. The method of claim 7, wherein a pitch of the first conductive layer ranges from
30-50 micrometers. 14. A method of making a semiconductor device, comprising: providing a
semiconductor die;  forming a first conductive ¥+ B%er a surface of the semiconductor die;

What is claimed:

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

providing a semiconductor die;

forming a first conductive layer over a surface of the
semiconductor die;

forming a first insulating layer over the surface of the
semiconductor die;

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

forming an opening in the second insulating layer over the
first conductive layer, the opening extending beyond the first
conductive layer over first and second opposing edges of the
first conductive layer while the second insulating layer
overlies the first conductive layer with respect to third and
fourth opposing edges of the first conductive layer
perpendicular to the first and second opposing edges of the
first conductive layer;

forming a second conductive layer over the first and second
insulating layers and over a portion of the first conductive
layer within the opening in the second insulating layer; and

forming a third insulating layer over the second conductive

layer and first and second insulating layers.
2. The method of claim 1, wherein the opening in the second

conductive layer extends beyond the first and second opposing

edges of the first conductive layer by 10-20 micrometers.
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forming a first insulating layer over the surface of the semiconductor die; and forming a second
conductive layer over the first conductive layer that is wider than the first conductive layer along a first
axis and narrower than the first conductive layer along a second axis perpendicular to the first axis. 15.
The method of claim 14, further including: forming a second insulating layer over the surface of the
semiconductor die prior to forming the first insulating layer; and forming a third insulating layer over

the secord condd&ivBI &yt arfffirst isllating Tayers 16, The meffiodcof clam #5, fifther including
forming afepeniag inthe firstinsulaging hayeraver thesfirsy; cenductivedayer,dheepening-extending
beyond the first conductive layer on first and second opposing edges of the first conductive layer while the
first insulafifg f3/2F blefiBR3fe fifst CORGGCHEe IBYEr With Péspedt o tHird"and flfFth dPposihg €dges of
the first cenductive:layer. perpendicular to the first and second opposing edges of the first conductive
layer.

4. The method of claim 1, wherein a width of the second

conductive layer is greater than a width of the first conductive

layer between the first and second opposing edges of the first

conductive layer, and a width of the second conductive layer is

less than a width of the first conductive layer between the

third and fourth opposing edges of the first conductive layer.

5. The method of claim 1, wherein a width of a contact
interface between the first conductive layer and second

conductive layer ranges from 20-40 micrometers.

6. The method of claim 1, wherein a pitch of the first

conductive layer ranges from 30-50 micrometers.

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

providing a semiconductor die;

forming a first conductive layer over a surface of the
semiconductor die;

forming a first insulating layer over the first conductive
layer and surface of the semiconductor die;

forming a second conductive layer having a width that is
less than a width of the first conductive layer along a first
axis, the second conductive layer having a width that is greater
than a width of the first conductive layer along a second axis

perpendicular to the first axis; and
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17. The method of claim 14, wherein a width of the second conductive layer is greater than a width of the
first conductive layer along the first axis by 10-20 micrometers. 18. The method of claim 14, wherein a
width of the second conductive layer is less than a width of the first conductive layer along the second
axis by 10-20 micrometers. 19. The method of claim 14, wherein a width of a contact interface between
the first conductive layer and second conductive layer ranges from 20-40 micrometers. 20. The method

of claim 14, wheraii'a PHci of fife“fitSt cordtictive T4y et $8RgeSHEM 36:50ficifeters. 21. A
semiconQuGton devies; COMRIISINGid first insulating layer.

8. The method of claim 7, further including forming an opening
in the second insulating layer over the first conductive layer,
the opening extending beyond the first conductive layer over
first and second opposing edges of the first conductive layer
while the second insulating layer overlies the first conductive
layer with respect to third and fourth opposing edges of the
first conductive layer perpendicular to the first and second

opposing edges of the first conductive layer.

9. The method of claim 7, further including forming a third
insulating layer over the surface of the semiconductor die prior

to forming the first insulating layer.

10. The method of claim 7, wherein the width of the second
conductive layer is greater than the width of the first

conductive layer along the second axis by 10-20 micrometers.

11. The method of claim 7, wherein the width of the first
conductive layer is greater than the width of the second

conductive layer along the first axis by 10-20 micrometers.
12. The method of claim 7, wherein a width of a contact
interface between the first conductive layer and second

conductive layer ranges from 20-40 micrometers.

13. The method of claim 7, wherein a pitch of the first

conductive layer ranges from 30-50 micrometers.
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a semiconductor die; a first conductive layer formed over a surface of the semiconductor die; a
first insulating layer formed over the surface of the semiconductor die; a second conductive layer
formed over the first conductive layer that is wider than the first conductive layer along a first axis and
narrower than the first conductive layer in a second axis perpendicular to the first axis; and a second

insulatingllayer formed over the second conductive layer and first insulating layer.
4. A method of making a semiconductor device, comprising:

providing a semiconductor die;

forming a first conductive layer over a surface of the
semiconductor die;

forming a first insulating layer over the surface of the
semiconductor die; and

forming a second conductive layer over the first conductive
layer that is wider than the first conductive layer along a
first axis and narrower than the first conductive layer along a

second axis perpendicular to the first axis.

15. The method of claim 14, further including:

forming a second insulating layer over the surface of the
semiconductor die prior to forming the first insulating layer;
and

forming a third insulating layer over the second conductive

layer and first insulating layer.

16. The method of claim 15, further including forming an
opening in the first insulating layer over the first conductive
layer, the opening extending beyond the first conductive layer
on first and second opposing edges of the first conductive layer
while the first insulating layer overlies the first conductive
layer with respect to third and fourth opposing edges of the
first conductive layer perpendicular to the first and second

opposing edges of the first conductive layer.
17. The method of claim 14, wherein a width of the second

conductive layer is greater than a width of the first conductive

layer along the first axis by 10-20 micrometers.
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22. The semiconductor device of claim 21, wherein a width of the second conductive layer is greater than
a width of the first conductive layer along the first axis by 10-20 micrometers. 23. The semiconductor
device of claim 21, wherein a width of the second conductive layer is less than a width of the second
conductive layer along the second axis by 10-20 micrometers. 24. The semiconductor device of claim
21, wherein a width of a contact interface between the first conductive layer and second conductive layer

ranges frofh- 20-40iRFomettrs " 251 THE séfhicdRtiictortevice ot dlaint 2 \FhéfiPaPitch of the first
conductiveslayerrangesfegm 80150 migrometers. a width of the first conductive

layer along the second axis by 10-20 micrometers.

19. The method of claim 14, wherein a width of a contact
interface between the first conductive layer and second

conductive layer ranges from 20-40 micrometers.

20. The method of claim 14, wherein a pitch of the first

conductive layer ranges from 30-50 micrometers.

21. A semiconductor device, comprising:

a semiconductor die;

a first conductive layer formed over a surface of the
semiconductor die;

a first insulating layer formed over the surface of the
semiconductor die;

a second conductive layer formed over the first conductive
layer that is wider than the first conductive layer along a
first axis and narrower than the first conductive layer in a
second axis perpendicular to the first axis; and

a second insulating layer formed over the second conductive

layer and first insulating layer.

22. The semiconductor device of claim 21, wherein a width of
the second conductive layer 1s greater than a width of the first

conductive layer along the first axis by 10-20 micrometers.
23. The semiconductor device of claim 21, wherein a width of

the second conductive layer is less than a width of the second

conductive layer along the second axis by 10-20 micrometers.

—-28—



24. The semiconductor device of claim 21, wherein a width of a
contact interface between the first conductive layer and second

conductive layer ranges from 20-40 micrometers.

25. The semiconductor device of claim 21, wherein a pitch of

the first conductive layer ranges from 30-50 micrometers.

—-29—



