SEMICONDUCTOR DEVICE AND METHOD OF FORMING REPASSIVATION LAYER WITH REDUCED
OPENING TO CONTACT PAD OF SEMICONDUCTOR DIE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming a repassivation layer over the semiconductor die with a reduced opening to the
contact pad for better RDL alignment tolerance. Background of the Invention Semiconductor

devices are YMHHENYYGHARiPRBAER BRRHMRT dQ&ngm%ﬁE%%%&g%mumber
and density of eY&Tﬁ’caff%BH%eﬂFsEﬁgﬁe?éos %Bﬁﬁﬁct%%ﬂe9£e§ﬁ%ﬁg%9%%ﬁ%n he 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, micropiosedsas, €hargeaveapieshdevices (CCDs), solar cells, and
digital micro-mirror devices (DMDs). Semiconductor devices perform a wide range of

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device and method of forming a repassivation
layer over the semiconductor die with a reduced opening to the

contact pad for better RDL alignment tolerance.
Background of the Invention

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

Semiconductor devices perform a wide range of



functions such as high-speed calculations, transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and creating visual projections for television
displays. Semiconductor devices are found in the fields of entertainment, communications, power
conversion, networks, computers, and consumer products. Semiconductor devices are also found in
military applications, aviation, automotive, industrial controllers, and office equipment.

SemicondddtBrdeicss explbit e BrESHCAPBRSperfe<alSemicBAductbr idid "héBtbmic structure
of semiconduetorymatgriahallowsHits: glestrical ganrguctivity to he raanipulgted by the-application of an
electric field or base current or through the process of doping. Doping introduces impurities into the
semicondutfor misttial fo AR PURHE Andebhtdl the Corductivity 6 the sétidofidGéor Bévice. A
semicondugtodevigereordains acive andassivesgleetricalssinuciures. Aetiviesstiidatytasy including bipolar
and field effect transistors, control the flow of electrical current. By varying levels of doping and
application ot an &l&ciictield 8P bagdé cuftent tie t8nS) to?réﬁﬁﬁﬁrlo &%E ‘or restricts the flow of
electrical carment:Piasstviestryctyreseinclusing resistars, capacitdes,, ancbinguctors,  createé a relationship

between volta%gse and currer&t necessary to.perfo&m a vari%té/ of electrical furictionl§. Thg passive and active
cO umer roauc . miliconauctor. V1 S, are a.lso oun in
structures are electrlcaﬁy connectéd to form Circuits, which enabié tiie Semiconductor device to perform

high-speedndalctlationsiand otleriusedul fandtionson, aut Seoticorguctorddeticeisadre generally
manufactuEeOdn%%lgghiyé/g ch_méprll%x m i,léaécttél‘cllrﬂg Bgnoecr(lagg,es, l.e., front-end manufacturing, and back-end
manufacturing, each involving

Semiconductor devices exploit the electrical

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

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

Semiconductor devices are generally manufactured
using two complex manufacturing processes, i.e., front-end

manufacturing, and back—-end manufacturing, each involving



potentially hundreds of steps. Front-end manufacturing involves the formation of a plurality of die on the
surface of a semiconductor wafer. Each die is typically identical and contains circuits formed by
electrically connecting active and passive components. Back-end manufacturing involves singulating
individual die from the finished wafer and packaging the die to provide structural support and
environmental isolation. One goal of semiconductor manufacturing is to produce smaller

semiconductirdevices! Bniatier bedices typical consih i iess Hower higheéf'Berformance, and can
be producedhinere efficientlys braddition, saliersemisonducterdeviceshave,a sealles feotprint, which is
desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end

process reSulfifl§ i 8 Wity Shatiar, Higher tendity BRtive’ ahd pasaive omisonents Batkeend processes
may result i semiconductosdevicerpackages yith1a smalle s fopjprid hyd aprovementssia elecirical

interconnection and packa%ln materials. In most semiconductor deyices, the semiconductor die
are prone f0°sHifting durifig éh%%ﬁgulatigﬁ.c’i‘ﬁee Bhif{R Po5Rioh BF the samicondtitor die can cause the
contact pad atignment togshifi@sumdcla as 320 fimpparticelaflyin faredutwwater level chip scale packages
(FO-WLCSPa?. The die srtﬂ}fltelin&its the minimumd%chsgg\éabl gitcli due to(g)otential misalignment between

C rovli S

the contacppeﬁ%ﬁé%%bsequenjteRlﬁl?. Eor example, a50x50 pm 8Bgn|ﬁtg—’ over 60 pm contact pad with
20 pm via kay onlyrekSpmlaligaoient tolerance, which is less than the potential die shift of +20 pm. As a
result, the FO-WLCSP o enr g%iie mretal de.positié)lglc%nodrpatternpagc which addss r’g%nufagtc%ig cost. In

addition, some semiconducto manuf)actusrler%lgqolﬂpment reé?ﬁrré% spe%}laﬁ éﬂgnr%ent marks to achieve the

necessary tolefahngessemiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be
produced more efficiently. In addition, smaller semiconductor
devices have a smaller footprint, which is desirable for
smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with
smaller, higher density active and passive components. Back-
end processes may result in semiconductor device packages with
a smaller footprint by improvements in electrical
interconnection and packaging materials.

In most semiconductor devices, the semiconductor die

are prone to shifting during encapsulation. The shift in
position of the semiconductor die can cause the contact pad
alignment to shift as much as 20 um, particularly in fan-out
wafer level chip scale packages (FO-WLCSP). The die shift
limits the minimum achievable pitch due to potential
misalignment between the contact pad and subsequent RDL. For
example, a 50 x 50 pm opening over 60 pm contact pad with 20 pm
via has only *15 um alignment tolerance, which is less than the
potential die shift of 20 um. As a result, the FO-WLCSP often

require metal deposition and patterning, which adds



Summary of the Invention A need exists to Improve alignment between contact pads and RDL to
achieve reduced pitch requirement. Accordingly, in one embodiment, the present invention is a
semiconductor device comprising a semiconductor wafer including a plurality of semiconductor die. A first
conductive layer is formed over the semiconductor die. An insulating layer is formed over the
semiconductor die and first conductive layer. A passivation layer is formed over the insulating layer and
first conduBREERfer A oA dGeie viaié fertbdtthroug P RS pasdivtivn dayerBxtending to the first
conductiverlayers a c t i-anefhesempadimente thei presepblaventionisiaysemiconduetos deyice comprising
a semiconductor die. A first conductive layer is formed over the semiconductor die. A first insulating layer
is formed GVeP 5 SernitondGEtt Uie dnd firdt cORGGEtive layer. A second insulating layer is formed over
the first insulating layer and first conductive layer. A via is formed through the second insulating layer and
extending to the first conductive layer. In another enmb diment,.the present invention is a
semiconductor device comprising a susous%?é:.yA ‘ﬁrstii'nseula ?r?ﬁeltétf/éro i3 formed over the substrate. A
second insulating layer is formed over the first insulating layer and substrate. A via is formed through the

second insulating Ia;r/]er ag\d extegding to the substratje_:.. In anotltwe%embodiment %he resegt invention is a
. A.heed ex1sts o(fm?roye a ?nWen ethen cqﬁ ac a ﬁ] .
semiconductor device comprising a conductive layer. A first insulating layer 1S forme er the conductive

layer. A seeond Risulatimgdayersigdorneeth over thetfirst insulatingteyer andAsondudtiveylayer. Avia

extends thrgugh (g second insulaling layer to.the, Conduetive 1a¥el emiconductor device
comprising a semiconductor wafer including a plurality of
semiconductor die. A first conductive layer is formed over the
semiconductor die. An insulating layer is formed over the
semiconductor die and first conductive layer. A passivation
layer is formed over the insulating layer and first conductive
layer. A conductive via is formed through the passivation
layer extending to the first conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die. A first
conductive layer is formed over the semiconductor die. A first
insulating layer is formed over the semiconductor die and first
conductive layer. A second insulating layer is formed over the
first insulating layer and first conductive layer. A via is
formed through the second insulating layer and extending to the
first conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a substrate. A first
insulating layer is formed over the substrate. A second
insulating layer is formed over the first insulating layer and
substrate. A via is formed through the second insulating layer
and extending to the substrate.

In another embodiment, the present invention is a



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-3o illustrate a process of forming a repassivation layer
over the semiconductor die with a reduced opening to the contact pad; and FIG. 4 illustrates

another process of forming a repassivation layer over the semiconductor die to reduce an opening to the
contact pad SHeGNBE Be<eFiptio 6Fthe BRRVAGS 29 & CTRSYSTELT indeiftion iseSEfiséd in one or
more embadiments: inhe falewing deseriplion with referencesiothediguees, 4y which likesaumgrals
represent the same or similar elements. While the invention is described in terms of the best mode for
achieving thBSHVEHtion% d6j8EvesS it Wil BEhpprediatedtoy tHost skillRdif tHe drt tRAET isiRtended to
cover alternatives: tiodificadipas,. and equivalents as snayhke ingludaetewithindhe spiti andtscege of the
invention as defined by erllg aé)gended claimfa%/ngrtheir equivalents as supported by the following

disclosure aRd drawings. nductive

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-30 illustrate a process of forming a
repassivation layer over the semiconductor die with a reduced
opening to the contact pad; and

FIG. 4 illustrates another process of forming a
repassivation layer over the semiconductor die to reduce an

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

electrical current. PassiveBleGrieaNcdrporitts U hPES c A ors, 1Wd Ao redistbrs! and

transformers; iGieatewarelatignship hetweenwltagepnskeresnecessayy o pesform electrical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by aS2hes 3 prock8 staiss ety doping “désdsition photdikiddraphy. etching, and
planarizatien.D@Ring intteducesHnpusles o the semiconductos materallly:techniques svieh as ion
implantation%or therr%al diffu?on. The dopingé)rocess modifies the electrjcal cond ctivit% of semiconductor
material in ‘etive BeviRES, franstofiing the Semicondiittormaterial hts an ifsuI&tdF, hitictor, or
dynamically ehaaging the tsemicenductersnatesiak tenductivity ircregponse te anvelecttic fiekd or base
current. Transistors contain regions of varying types and degrees. of dJ[o ing arranged as necessary to
enable the?lriaen%tlcs% rct%qpfr%m%(?é] or (rjgs?rlct)étﬁe #I%@mo? éggtﬁgglngulrreen %%%gﬁ]tﬁg %p%ﬁgé;[}lolntgf ‘the electric
field or basecduirrente Lectr iAetivecang passive componeats dredformed bydayers of nwaterals with
different el g\rfigal %ropggilef. The tIz%yecrg san @ f@ﬂrgeg Pé/wa v%rie?? eoé 9?5}’83@0@ ﬁ%%henril%qes determined

in part by the typetofematerlaJ[E)%ing deposited. For example, thin Fiirm deposition may involve chemical

vapor depdsition (GV }Lqmystbali&apmﬁmnibﬂ,(w emtr@h@i@qﬂaﬂtmg@ anu’;lrell@mm}_e% plating
processes. Eaghilayetis geperally, patterned TOV&QQ‘&#” | qf actiye cempopents, passive components,

or electrical connections between components. e layers can be patterned using
photolithograpiiya aghiel shvelvassthe depositiondf light sensitivermalerial,re.ga bhotaresist, over the layer
to be pattegnggd. A pattern is transferred from a photomask to the photoresist using light. The portion of
the photoresist pattern subjected to light is removed using a solvent, exposing portions of the underlying
layer to be patterned. TH&RMaiRdEN6t the photoresPizeRiovedr Ralitigisehind apatietned layer.

Alternatively, seme-types of maierials are patternegdpedirestlydepositing the mpatedakintathe.areas or
voids formed by a previous deposition/etch process using techniques such as electroless and electrolytic

plating. 1RClpépositiAgithi filRFBPMaternit oveFah @kistiig Patehy caf exaggésrate e underlying

pattern ang, cegate anan-uniformly flat.surfage- Aguritosmiv,flatsurface is xequiregbto produce smaller and
more densely packed active and passive components. Planarization can be used to remove material from

the surface®6fthexwafer aRd pPedide d tinftmhi§ FRE SarHace. PlaRaizatibNinv8Ivés PoALhIRG the surface

of the wafes withha palishiag padsApraprasive madghalansi-eereesivenehemical atenadded to the surface of
the wafer during polishing. The combined mechanical action of the abrasive and corrosive action of the

chemical rémBvES afi§ rrégitarfopography° festiftthg S b AaCsarfdees . 2ct1ve

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



Back-end manufacturing refers to cutting or singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental isolation. To singulate the die, the wafer is
scored and broken along non-functional regions of the wafer called saw streets or scribes. The wafer is
singulated using a laser cutting tool or saw blade. After singulation, the individual die are mounted to a
package substrate that Includes pins or contact pads for interconnection with other system components.

Contact pad®orried bler thetsemitoRdiétor-aik &t thén ¢eRAEUEE Yo cohtict pEaERAtRIN the package.

The electriealiGonnections el be naadenwjth selder-hunapss stud bumps oeordyciive paste, or wirebonds.
An encapsulant or other molding material is deposited over the package to_provide physical support and

electrical isOtatioh. TREHHSHED Package S st insBhed Nt an ErtiricaPdydiém aHd th féinctionality of

the semicosducter devicelis sradel availabletocibeniher. systemrcompenents, gener FAlIGy 1 illustrates
electronic device 50 h vin# %Jchié%| carrier,substralge or Fr,inted circuit board (PCB% 52 with a plurality of
semiconduRtor packages moumtdl BRits stffac8  ERCroiic dSIIESBE Mdy) ha 8d fype of
semiconductorpackage, oronuktipte-typés of semicanductor packages, rdependingeorn the application. The
different types of semica dgc@r packages are shov%r{in FIG, 1 forI[l)u_rp%sets qﬂ‘iillt%stration

Electronic device 50 may be a Stand-alone’ sysete%at a 5§g§i the semiconductor pagl?é:ga&h%’perform one

or more eledtrical functiohge Alteativelyo elecironicadevicesb@ nmsgnise aisubcomiponeat of a larger
system..Foer .e(%(z.ifn%lj%oeg%%tg)fnlics Q?Vi§$e519 may bfaa glri_apchoicsb(éa%)ja (F%té/\]/for{le(énterfgce é:g{dé or other signal
processing card that can be Inserted into a computer. The semiconductor package dan Include
microproceissors; aerheres capplication spedificartégrated tiecuits (ASIE} logic circuits, lanalldg circuits,
RF circuitsy discrete deyices -0t giber sgmigondctor dig oL glectijgal companentss ; gne 15

removed using a solvent, exposing portions of the underlying

layer to be patterned. The remainder of the photoresist is

removed, leaving behind a patterned layer. Alternatively, some

types of materials are patterned by directly depositing the

material into the areas or voids formed by a previous

deposition/etch process using techniques such as electroless

and electrolytic plating.

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



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, screen printing, or other
suitable metal deposition process. Signal traces 54 provide for electrical communication between each of
the semiconductor packages, mounted components, and other external system components. Traces 54
also providd'piVerrand grouna cohmsetisins tirdach dfthe serficomdictdrpackages. 229 EhfPsome
embodimeptsc REgMigoRAUCtar deviee has twe packagipg devels. Rirst level packaging isia technique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packaging IivoEs Bcha i8alﬁ}§ﬁd‘gé%5ﬁicf&ﬁ§ atthhingthe TRtEfhediate® QTR G HE PCB. In other
embodimentso Resemiconduciondeviee: tiaynenly haye dhe; fiest levied paakaging wihesel thexdie is
mechanically and electrically mounted directly to the PCB. . Foo'[ the purpose._of illustration, several
types of firSt 167l Packgitg: MeRiting WiYe BBt packags SAA i cHls 5B afe S76A on PCB 52.
Additionally, sevieral types obsecond levelqackagifige inchuding: balt grid artays BGA) 64Q,dwmp chip
carrier (BCC) 62, dual in-line package DIP§64 land grid array (LGA) 66, multj-chip module (MCM) 68,
quadt flat nOAEadod PACPAS DL 0P AR S TAr BRCRA 75 e oM (R ouREs orf BCB 52
Dependingaupdrathie system fequiternentspany combinationhofeemicosgudtenpackagessodardigured with
any combinatian_of first and second.level packaging styles, as well as other electronic components, can
be connec'taeaodn ?(% CéB%%%fn iganéeéimto)g |]rfnec3;cni§%seq e%&?ocn?g lé\\c;;!%:g%oﬁﬁce:luégg a%?ﬁale attached
semiconductorpackagde twhiteo othes enfsotimentshcall foh enuitiplé dterconflecteelsackages. 1By
combining ope or mqre semiconductaor packages qvey C§es£ing)lgm':,éjjgstrgtceu an%ndﬁggturers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include soptistitatéed fimotieAakty, eleconicavites calbe iranufactamtd (wing ehéaper components
and a streqqplinad manyfaciying pocsss. e eeuling deviees araless kely o falhand less expensive
to manufacture resulting in a lower cost for consumers. IGs. Za-2c show exemplary
semicondueforPeekagESTHE: Radligstrates furtet Het&iPaPbiPo84 mduited ©A1IFEBS2. Semiconductor
die 74 inclydes.an;active kagion confaining analog of digital circuits mplemented, as active devices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically
interconneé&teddceording t i elebficaftiésign Of B died £BF eRarhple"INE ciredt Y- ifcli@e one or
more transigterse diodes sindueters, canasitanss resistors, and other circuit elements formed within the
active region of semiconductor die 74. Contact pads 76 are one or mare layers of conductive material,
such as aluminum (A1), EoFpert(Cu) L ESA)L Arcket A6 gold CAGE bF Sfivet {AGT EitPare Slédtrically
connected ¢a the eircui.glements fasmeghwithia sesiieenducterdie 4 4( Busingsassemiy ef DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesive nRAtefidisuch &4 tHeraf 8BRS GPEp &G TeRRE THEPHEKGGe BddY itclGdéd &fi Frisulative
packaging maiedalsiich aspolumenonceyanis: £ aenductordeads 88 @ntanineibends 82 provide electrical
interconnect between semicorlct'i:ucttir dite 74 and lIg’CB 52. En%a sulant 84 i% degosit%d overdthe ackage
for environtien aalgperbte%ﬁorﬁl%y plrgvgntln%p moistureant 6é)rrﬁc e%tf(r)d:m %?er‘ﬁ% the paed?(%ae Eil
contaminatimg die=7 4 ppwiredionas 82. The different types of semiconductor

packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a

computer. The semiconductor package can include



FIG. 2b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Wire bonds 94 provide first level
packaging Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal
deposition ProcedRRUchSROEIBetrBIFHC pliting FHtdctrtésLplafiRg fo préveht bxidation “Contact pads
102 are electricallyrconpested)tp oneeicmete-eondustive:signal traces ®4da PG 52; Buipss,04 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. ~ InFIG. 2c,
semiconduttor dié 58 i§ Tourisd fate GoWi To fMEBrhTedISRC e 166 With fis ChifF &Y le first level
packaging cAetinenregian. 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 exg%pqé[,%e tirchit hal InRIUdE SHe o more traRsistors dibdes indictors,
capacitors sresistarsrand sthescircuit etermertstwithia active: regiom 1688 Semiadneuctor die 58 is
electricallysanrg.mgggarg:i%%l]l_y conr ea(l:ted to carrr]igre %{Og It]hrg%gh § ps JC%% dP(C::éB. SZe with a E?A style
second Ieveraléi(aglrlllg using%umpgffz.ngélmlconductor e |s'electr|caﬁy connectad t6 conductive
signal traces 5443 PB 52 ¢hrbaghdalinapset16, signeldines dd4yandh bumipsyElr2 A madkdiig e@mpound or
encapsulant 116 is deposited over semiconductor die 58 and carrier,106 to provide physical support and
electrical isolatioh f%\r]#?eo 3\%(1:8. heer;?iepccﬁ:ihrlp8 Esz%llccor%%u%%rno%'viceelgrcovﬁdoe%eas short gi%lc?r?c'al conduction
path from thettive pleviceson sermicohdector diets® icecormductiof ¢racks ohdPCBBXmgrder to reduce
signal propagation distance, lawet capacitance, and improye overall circit perfosmange, Inanother
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flip chipcdtyleffirshlevelgpdckagihigavithotdntervediateé earrierd 06ompPonenkEiGs a8 30 lllustrate, in
relation to FiGs.,1 and 2p:2¢, agyrocess atiauning,a tepassivation laver.oves the semicongugtor die with
a reduced opening to the contact pad for better RDL alignment tolerance. FIG. 3a shows a semiconductor
wafer 120 With e0Ba3E Sulsstidie materal, SactPasiiliedn tgerneaiiciae gaMaitarsenides fRfum

phosphide, or silicon carpjdes farsteyatiyat suppart. A pluality. of sgmicandygtor die gL compgnents 124 is
formed on wafer 120 separated by saw streets 126 as described above. FIG. 3b shows a

cross-sectioRakASW GF alFoition of sEAficOndtRYGHwareF 120 1B4cH Semidotiditiditie £24 has an active

surface 13Qcontaining analogher digitakGincuits implamented as adlive dayvicesnpassive dgvises,
conductive Layers, and dielectric layers formed within the die and electrically Interconnected according to

the electricaPdégigh B URCHGH 6 the'dié SEor exarmpBtheSdifctitifay ffthide R BF Hifote transistors,
diodes, angothercirenit elemantsformed within actiersufaceql 30:to implemeatianaleg circuits or digital

cirets, sugh 25 digial siqnal pogessor, (DSF), ASIC, mermory or oher signal progegsing ciruit
device may only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60,
bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land
grid array (LGA) 66, multi-chip module (MCM) 68, quad flat non-
leaded package (QFN) 70, and quad flat package 72, are shown

mounted on PCB 52. Depending upon the system requirements, any

combination of semiconductor packages, configured with any



Semiconductor die 124 may also contain IPDs, such as inductors, capacitors, and resistors, for RF signal
processing. 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 stiffdBé1361°o" °f [ERS. 3L AnTRSNALnd OF Bibl&dic YLl 134 s fdmedFoverf attive
surface 13@ aingtcaitact pasdsl32i using MEXEY D, pHRtiNg Spibeeating: spray caating? or thexmal
oxidation. The insulating layer 134 can be one or more, layers of silicon dioxide (5i02), silicon nitride
(Si3N4), siﬁc?é?weoﬁﬂﬁt?igé%%%ﬁ), Gl PRhtoXiEe (12203, dilmiiih Oxtie’(A1203), polyimide,
benzocyclehitene BCBymatyhenzoxazolps {RBES), onether stitable dirlestiiciaateriab2A portion of
insulating I%\éer 134 is.,removed b%/ an etchiril%grocesr% to form an openirﬂ%and expose contact ltpads 132.
In FIG. 3d, "2 fegadsivation inditating 1B)& 156" isTofmad Over indtlatng 1ayer B34 8d 2onthef pads 132
by PVD, CYEn padating,cspift coating, gpsay ceating, of thermad oxidation e Thesepassatatioadrsulating
layer 136 can be one or more layers of 5<i§)2, Si3N4, SION, 'ITaZCOS, Aﬂzosd[[porlly.imi%e, PBO, poIX er
dielectric, or other matérial %a%ig%rsﬁmrﬂ%r %sﬁ%rﬁﬁanaen% Structural Sroepcer ies. JACpor?i\éﬁco? Sreﬁlassivation
insulating layert£36is rebfroveddsy ahetching process to forpaviaskB8sanchexpose an inside portion of

contact pags 132, ¢, 2,0artop of the cantact pad wiihin s Jootprit, Via, 138 I foped within the opening
of insulation layer 134. Via 138 is at least icrometers smaller than the opening of insulation layer

134. mémﬁmhemembndttﬁn@tgb@mgﬂmmﬁ@m_, @n@l@ctﬁbalgﬂodridmw Iaye_zr 140 is
formed overinsuylating layer, 134 and condugtive layey, 132 using.BYD., CVD. electialytc plating,

electroless plating process, or other suitable metal deposition process, as shown in FIG. 3e. Conductive
layer 140 dan Be&one andhdredayaasot As1CE, S, Ni2 At Agt or ethes suitableeléctriealyceshiductive
material. ..o+ WL EIG.3f;afepassivation insulating layer 142 is formed over insulating layer 134 and
conductive layer 140 by PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
repassivation insulating fay/ef 142 tan beSoma oL HITe Iayers BEB102ISIBNLO SIORE Fages,- Al203,

polyimide, PBO, polymern dielectric, Or atherpatesial having simitar insulating aod structral properties. A
portion of repassivation insulating layer 142 is removed by an etching process to form via 144 and expose
an inside porfiorFereotithetive tsyerl 1401 e Y Bortivh GTthé tendGetivenayervittin itsFootprint. Via 144

is formed vithin &ae epering of insulationJayer 134 \Madiddds at least 40 micrerpetess smaller than the

Openmg(ﬁéggg?wg1§gsgégg; conductive layers, and dielectric layers
formed within the die and are electrically interconnected
according to the electrical design of the die. For example,
the circuit may include one or more transistors, diodes,
inductors, capacitors, resistors, and other circuit elements
formed within the active region of semiconductor die 74.
Contact pads 76 are one or more 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

-10-



In FIG. 39, a temporary substrate or carrier 150 contains temporary or sacrificial base material such as
silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low-cost, rigid material for structural support. An Interface layer or tape 152 is applied over carrier 150 as
a temporary adhesive bonding film or etch-stop layer. Semiconductor wafer 120 is singulated through saw
streets 126 using a laser cutting tool or saw blade. Semiconductor die 124 are mounted to interface layer

152 over cBATEFISD Eing BIckEnd-plat&BpEfHtich. EBRtHe HlipdEe of itfistrafigrsa §émiconductor die

124 with repassivatior instiatingdayemnt3s-trepmkelss:. 3k andsemieandustarndie k24with ganductive layer
140 and repassivation insulating layer 142 from FIG. 3f, are mounted to carrier 150 with vias 138 and 144

oriented todREErfaCE layer 1522 CaPSULINE |G 31 Sarf ERGEDSURht OF Folding dOMPsHT £5F is deposited
over semicenduetondient24 apd sesiarikh0 using apaste prigting icompressive npeldinge transfer
molding, liquid encaEsuIant mo ding}, vacuum lamjnation, spin coatin r,oth?eé suitable applicator.

t

Encapsulant 54 gAn be'pblyrhar cbRpoSits niatriai CAcH a< 8pd rShew filer, "epoxy acrylate with

filler, or polymetravigeproper filler. Encapsulant 154 is then thermal cured to a solid form. Encapsulant 154

is noncc_)nductlve and enﬁ(g%lmggtail lplgggcercgsttehse semic nq:ucggrttge\ilc% POE&‘@X'[;E“%! Oelllenrp(eegts and
contaminants. In . 3i, the'temporary carrier and interface layer 152 are removed by
chemical etchifg;EnéchanicalpeeboffnCMR, rMeéehditical grinding; ¢hermat bake ridVvdigh,daser scanning,

or wet stripping. Semiconductor. die 124 are singulated using a laser cutting tool og saw blade 156.

I FIG. 3 o1 Tt atng b Solostre [er L8 o Timod over epatenston nevtatrg layes 136 and
encapsulamolsisoPthersinguldiedisensiconductor gieckiiby PVDIGVYDoseree priating,sspin coating,
spray coating, lamipafion, ordherma) axidatiqn, The insulating laysr 158 can be.one. gt mpgg layers of
5i02, Si3N4, SION, Ta205, Al203, or other material having similar dielectric properties. A portion of
insulating ldg@CE58 irepiiediIsyran etchity process t6 expose repassivalion irksulating layer 136 and

contact pads 132 ;The ppening of insylating layer 158 can he round yias, ireches, qryings, but in any

case the opening is larger than vias 138 for alignment purposes. In one embodiment, the opening of
insulating 185&7- 158 exfends 2t feddt 25 phi in @&ch BRessh B&ondrviagaBgce 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 flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers
formed according to the electrical design of the die. For
example, the circuit may include one or more transistors,
diodes, inductors, capacitors, resistors, and other circuit
elements within active region 108. Semiconductor die 58 1is
electrically and mechanically connected to carrier 106 through
bumps 110.

BGA 60 is electrically and mechanically connected to

-11-



FIG. 3k shows a bottom view of insulting layers 158 and repassivation insulating layer 136 over
semiconductor die 124 and encapsulant 154. Vias 138 are formed inside the footprint of contact pads 132
and extend down to the contact pads. An optional alignment mark 159 can be used for various
manufacturing equipment. In FIG. 31, an electrically conductive layer 160 is formed over
repassivation insulating layer 136 and insulating layer 158 and into vias 138 to contact pads 132 using
PVD, CVD%%C%W&%H%Q?%C?HQS% P16 Prote¥s lorGthE A Editshié idtdl dépBsitionsrocess to

form individual pestiens-ersections 460as160e: Sondugtive, layeh 160 €an be-ore armere Jayers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive material. The individual portions of conductive

layer 160a°1608°danbé efettrically Tonithion or electicaly 1888 d déperitig on te B6findctitity of the
individual semicenducion dig. Conduetivei layer 16 and 160dds elasticallyconnectesl to contact pads

132 and o%erates,as %redistribution I??/er éRDL to exte%g the connectivit %fgél%e contact ea%s.

Conductivé /8P 166 ¢aR BeFformad iNSIEE thé opnifig 17 instiatingr1ayer 158 fsee conduétive layer

160b) or outsideithe lopeningintinawldting tayer 158 (sea coaductiveflayertiiOd)evice . INMEKS. 3m, an

insulating (%rldielecHic Iager 162 is forrjged oyer insulating Ia)éer 158 and RDL 160 Q¥ PV[}, CVD, screen
.. 1 Cn1lp emicondu or evice rov e (=} s%l.%rt e e{: iLCB.

printing, spin cgatmg, spray coating, Tamination, or thermal oxidation. The inSula ing Tayer 162 can be one

or more laysrs @f S102nSigN4y, S10ON) TaR05 At203; olothieranateniabhavingsinitdradiel@ctricodroperties.

A portion o{ msula&ggcl%q%rnl(igr%scrkegnoovg an Etcﬂl}n%gr )cess to exgcl)lsceeRlsD{_ 16(1. In FIG.

Q O . O na . .
3n, an electrlcaﬁly conductive bump material is deposited over RDL160 using an gvaporatlon, electrolytic
plating, eleetrolessgiiating, dhal thop;cor screerr prnthaypiotess. TheBumpomateziabeam HelAl, Sn, Ni, Au,

Ag, Pb, B1, CUl. solder, gnd eambinations thergat, with an, aptignal flux spjjtion, For sxample, fhe bump

material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to RDL
160 using 8 saitafle @tachmert oh boadinglproeess. ¢A oAt ehisddimentthe bunth mbteridl s reflowed

by heating the prageda) abiovedts:melting:pgintdo Joun spherical balls op bumps:16d-Ja saep applications,

bumps 164 are reflowed a second time to Improve electrical contact to RDL he bumps can also be
compressiér beRHEE i RDLCEET. IBUMpPS 464 represent one type of Interconnect structure that can be

formed over RDL 160. Thedntereonngst stracture-gan alspluse-hond wires sty dwump, micso bump, or
other electrical Interconnect. In FO-WLCSP 166 of FIG. 3n, semiconductor die 124 is electrically

connected 4Rrotigh CONBAR PRdIE 132, RBIMEE, ahd inmps 162 %d Txtedrpdréletifital cofiponents. The

repassivatioarinsating layer 436 in,F1G. 3d and repassiyationdgsulating layer 142 4 FiG43fean be
polymer dielectric material, such as polyimide, PBO, BCB, or repassivation inorganic dielectric, such as

SI3N4, SION Farid 5102 \#ias AF8HHd 144 §réfirmed thidigh repaksivatich felitingdayeri36 and
repassivatigadasulating layen 142 yespectively, taside the fgotprint ofuch as silicon,

germanium, gallium arsenide, indium phosphide, or silicon
carbide, for structural support. A plurality of semiconductor
die or components 124 is formed on wafer 120 separated by saw
streets 126 as described above.

FIG. 3b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has an
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 include

one or more transistors, diodes, and other circuit elements

12—



contact pads 132. FO-WLCSP 166 uses vias 138 and 144 in repassivation insulating layers 136 and 142
to reduce the opening to contact pads 132 which Improves alignment tolerance with RDL 160. In one

embodiment, vias 138 and 144 are 20 pm in width or diameter, and at least 10 micrometers smaller than
the opening of insulation layer 134, shown as dimension A in FIG 3o0. RDL 160d has a width or diameter
of 60 pm, shown as dimension B in FIG. 30. The RDL alignment tolerance is thus +20 pm with the 20 pm

via 138 and 8075l cohtdtt Arés ol FDE 1668 dnd T80 d: WhidPisSiithiA eAypicaP die'sHift tdigrance In

general, RBL k60has:at least-12 aigropeter per sidg aignmenttolarapee vathadas 188m@angd 144. The
re-passivation insulating layers 136 and 142 Improve yield for FO-WLCSP with lower cost since only

lithography and theFHaP Edfring &ré hiB&de d THE re-PASE M s TIAfiTy fdyers 136 and 142 also
planarize tiesuHacel ot semiconductds diex 24 ferdeiter vghesiopis cagieml Sswhicthreduees the
potential shifting of semiconductor die 124. The insulating layer 136 has equal or better resolution as
insulating 155EF F58. e repALSVATO IS ing Tayers LICANT 113 AR Extahe to saw street 126 to
suppress cutting irregulaxities atang-the=dawy streetisuch as metabpealiwy, during mafer singulation. A
double saw cut.can be uged elniltg%d of hirgh %Qagas&gutti . {n ano ae&:mbodiment, continuing

from FIG. ?f alnvgletsztl#:caﬁ‘f co uctil\llgjlager 170 is formed O\e/é:rt Fe%%lgsi%/gtign msu?aqi’ng layer 136 and

into vias 138 toctantaetspadsl 832 usingRR sV Dy elettiotyticsplating; slecirdless plating process, or
other suitable metal depgsigggg{ocess to fce)rrm 'n%vidual %oertions or sections 170a-170b se FIG. 4.
0 e

Conductiv I%?/%? 170 can be one cl)Ffﬁmlre Yayers Aﬁa@u, Sn,Cf\Iﬁ,eAafng,ogre ot]h% gai%abci e elc’trically

conductiveQnate‘ﬁil_aJ. 'E\h?e, indlividured poﬂiz)nstdvfeconduéti\@lhyeﬁ1@@3}_ah_d§1171;)b cavp@elelettfﬁ:a!ly
common of elegirically isqlated depending on the,connectivity of the indiyicuial semicenductor die.

Conductive layer 170a and 170b is electrically connected to contact pads 132 and operates as an RDL to
extend the<cbapeethviglofthe eonget pdds.o the A insuldtingroradicleviicdaydrTr is¥ormed over

repassivation insulating layer. 136 and RDL 170y, BYD, CVD, sereen printing, spin.coating, spray

coating, lamination, or thermal oxidation. The insulating layer 172 can be one or more layers of Si02,

Si3N4, SIONITHEZDS 203 & bilfershateria® havifg Sfilacdisretidmeperizs. AsdtioR BPinsulating
layer 172 isygmoyed by anetching processitoexpose ROEdL0ing, or thermal

oxidation. The insulating layer 134 can be one or more layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide
(A1203), polyimide, benzocyclobutene (BCB), polybenzoxazoles
(PBO), or other suitable dielectric material. A portion of
insulating layer 134 is removed by an etching process to form
an opening and expose contact pads 132.

In FIG. 3d, a repassivation insulating layer 136 is
formed over insulating layer 134 and contact pads 132 by PVD,
CVD, printing, spin coating, spray coating, or thermal
oxidation. The repassivation insulating layer 136 can be one
or more layers of Si02, Si3N4, SiON, Ta205, Al203, polyimide,
PBO, polymer dielectric, or other material having similar
insulating and structural properties. A portion of
repassivation insulating layer 136 is removed by an etching

process to form via 138 and expose an inside portion of contact
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An electrically conductive layer 174 is formed over insulating layer 172 and RDL 170 using PVD, CVD,
electrolytic plating, electroless plating process, or other suitable metal deposition process to form
individual portions or sections 174a-174e. Conductive layer 174 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. The individual portions of conductive layer
174a-174e can be electrically common or electrically isolated depending on the connectivity of the

individual $&Hitonddctordie: Condacive Ryl 1745 afd17adare e dtricdlf tonnécted to RDL 170a
and 170b, respestively,. androperates as andrkdo extenditheconpgetivitys of inAmiasulating or
dielectric layer 176 is formed. over insulating layer 172 and RDL 174 by PVD, CVD, screen printing, spin
coating, spray’ €batiny’ lamination >6r theral $Kaaton: THENREAAGHG Ta/et 176 &N B 8Re 0P fnore
layers of 5i92¢ 5i3NA, 310N, sha2db; AlR0Bs v othiey material having similar dielectric properties. A portion
of insulating layer 176 is_ remove 174. An electrically

d b%/ an eghlglgfprocess to expose RD
conductive bump materiatis YePoSitéd GV RDI T 4 using bh BVapdration” efettrolytic pldtihg,
electrolessqilating; badl drop comstreen pantiag process. The bompenateriat can helAl SngNi, Au, Ag, Pb,

B T LRLon et A 3P (U SO, P il e g et
using a suitdblé attachméatorbdrding predessy Inrone eathodiment; tiser bamptmateriahistreilowed by
heaﬂngthq%ggggggfggvggggg@g?gggkgﬁ%wn in FIG. 3e. Conductive layer 140
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material.

In FIG. 3f, a repassivation insulating layer 142 is
formed over insulating layer 134 and conductive layer 140 by
PVD, CVD, printing, spin coating, spray coating, or thermal
oxidation. The repassivation insulating layer 142 can be one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide,
PBO, polymer dielectric, or other material having similar
insulating and structural properties. A portion of
repassivation insulating layer 142 is removed by an etching
process to form via 144 and expose an inside portion of
conductive layer 140, i.e. a portion of the conductive layer
within its footprint. Via 144 is formed within the opening of
insulation layer 134. Via 144 is at least 10 micrometers
smaller than the opening of insulation layer 134.

In FIG. 39, a temporary substrate or carrier 150
contains temporary or sacrificial base material such as
silicon, polymer, polymer composite, metal, ceramic, glass,
glass epoxy, beryllium oxide, or other suitable low-cost, rigid
material for structural support. An interface layer or tape

152 is applied over carrier 150 as a temporary adhesive bonding

film or etch-stop layer. Semiconductor wafer 120 is singulated
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form spherical balls or bumps 178. In some applications, bumps 178 are reflowed a second time to
Improve electrical contact to RDL 174. The bumps can also be compression bonded to RDL 174. Bumps
178 represent one type of Interconnect structure that can be formed over RDL 174. The Interconnect
structure can also use bond wires, stud bump, micro bump, or other electrical Interconnect. In
FO-WLCSP 180 of FIG. 4, semiconductor die 124 is electrically connected through contact pads 132,
RDIs 170 it PP artPBurmps 978%0 exferiareI8ciicaPSShpoterits M Phé répassivatio insulating layer
136 can bespelymer diglectre material: suek as polyimide; RBO BCBs OF Fepassivation dgerganic
dielectric, such as SI3N4, SION, and 5102. Vias 138 are formed through repassivation insulating layer
136 inside e fSOIFTint G ohtdct palls 132" ERPWIE SP 488 1S ik 138 irPFepastivatisn fasulating
layer 136 tpueguce-theropening ta-aentaat, pads:3d whichulstproves aligrment tolerance with RDL 170.

In one embodiment, vias, 138 are 20 pm in width or d%etgr, and at(}lea(%}glo mi%{ometers smaller than
the opening Ot irsttation'ialer 134 ‘ROL 1% 0aBHd 170t had 8Widithor diametéi of 60 pm. The RDL
alignment tederance disithius+20i pmMgith thiet20 pemviadi3Bvand 6 ¢m tdntacharea for RDL 170a and

170b, which is within a typical die ‘ﬁif tolerance. In raFJ RDL_170 has at least 12 micrometer per side
alignment KTBEACS Vet i 158 TRQ 18 hate o Bouming ks 1B imibrcvd ST R WLCSP
with lower cestrsirge 08Iy lithdgraphy and 38eraral cudiAg @re aeeddd tThe re-pasdsivatiorminsulating layers
136 also plflggr.ize the surface of semiconductor die 124 for better adhesion to the temporary carrier
which reduces the potential shifting of semiconductor die 124. The repassivation insulating layers 136 can

ext_end to saw street 126Mto sUppresscutting dﬂrmegmartiﬂ@_snalong th@_édwrs]ree@,nmmr@b En@ﬂaljp%eling_,
during wafgr.sipgylatian. 4 double, saw Gut,can be bised jnsiead of bigh qosf lasey CHE% a While

one or more embodiments of the present invention have been illustrated in detail, the skifled artisan will
appreciaterhattrpodificaticnand adaptations to tHoseldrabodinrentd Atayise thade, witholt départing from

the scope af the rgsentiny@ntionas seifedlin the.faligwing claums., Claims \What is,clajmed:
suitable applicator. Encapsulant 154 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 154 is then
thermal cured to a solid form. Encapsulant 154 is non-
conductive and environmentally protects the semiconductor
device from external elements and contaminants.

In FIG. 3i, the temporary carrier 150 and interface
layer 152 are removed by chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, UV light, laser
scanning, or wet stripping. Semiconductor die 124 are
singulated using a laser cutting tool or saw blade 156.

In FIG. 37, an insulating or dielectric layer 158 1is
formed over repassivation insulating layer 136 and encapsulant
154 of the singulated semiconductor die 124 by PVD, CVD, screen
printing, spin coating, spray coating, lamination, or thermal
oxidation. The insulating layer 158 can be one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other material having

similar dielectric properties. A portion of insulating layer
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1. A semiconductor device, comprising: a semiconductor wafer including a plurality of semiconductor
die; a first conductive layer formed over the semiconductor die; an insulating layer formed over the

semiconductor die and first conductive layer; a passivation layer formed over the insulating layer and
first conductive layer; and a conductive via formed through the passivation layer and extending to the

first conductive layer. _ _ _
1 is removed by an etching process to expose repassivation

insulating layer 136 and contact pads 132. The opening of
insulating layer 158 can be round vias, trenches, or rings, but
in any case the opening is larger than vias 138 for alignment
purposes. In one embodiment, the opening of insulating layer
158 extends at least 25 pm in each direction beyond vias 138.

FIG. 3k shows a bottom view of insulting layers 158
and repassivation insulating layer 136 over semiconductor die
124 and encapsulant 154. Vias 138 are formed inside the
footprint of contact pads 132 and extend down to the contact
pads. An optional alignment mark 159 can be used for various
manufacturing equipment.

In FIG. 31, an electrically conductive layer 160 is
formed over repassivation insulating layer 136 and insulating
layer 158 and into vias 138 to contact pads 132 using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions
or sections 160a-160e. Conductive layer 160 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. The individual portions of
conductive layer 160a-160e can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. Conductive layer 160b and 160d
is electrically connected to contact pads 132 and operates as a
redistribution layer (RDL) to extend the connectivity of the
contact pads. Conductive layer 160 can be formed inside the
opening in insulating layer 158 (see conductive layer 160b) or
outside the opening in insulating layer 158 (see conductive
layer 160d).

In FIG. 3m, an insulating or dielectric layer 162 is

formed over insulating layer 158 and RDL 160 by PVD, CVD,
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2. The semiconductor device of claim 1, further including an interconnect structure formed over the
passivation layer. 3. The semiconductor device of claim 1, further including an opening formed in the
insulating layer. 4. The semiconductor device of claim 3, wherein a width of the opening is greater than a
width of the conductive via. 5. The semiconductor device of claim 3, wherein the passivation layer

extends through the opening and to the first conductive layer. 6. The semiconductor device of claim 1,
further inclE@ihg A secorutcdhtuctive Tayer Yispoded Betwderr e passivatiitiagér and 1RSulating layer.

thermal oxidation. The insulating layer 162 can be one or more
layers of Si02, Si3N4, SiON, Ta205, Al203, or other material
having similar dielectric properties. A portion of insulating
layer 162 is removed by an etching process to expose RDL 160.

In FIG. 3n, an electrically conductive bump material
is deposited over RDL 160 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 RDL 160 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to
form spherical balls or bumps 164. In some applications, bumps
164 are reflowed a second time to improve electrical contact to
RDL 160. The bumps can also be compression bonded to RDL 160.
Bumps 164 represent one type of interconnect structure that can
be formed over RDL 160. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

In FO-WLCSP 166 of FIG. 3n, semiconductor die 124 is
electrically connected through contact pads 132, RDL 160, and
bumps 164 to external electrical components. The repassivation
insulating layer 136 in FIG. 3d and repassivation insulating
layer 142 in FIG. 3f can be polymer dielectric material, such
as polyimide, PBO, BCB, or repassivation inorganic dielectric,
such as Si3N4, SiON, and Si02. Vias 138 and 144 are formed
through repassivation insulating layer 136 and repassivation

insulating layer 142, respectively, inside the footprint of
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7. 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 and first conductive
layer; a second insulating layer formed over the first insulating layer and first conductive layer; and
a via formed through the second insulating layer and extending to the first conductive layer. 8. The

semiconductor device of claim 7, further including an interconnect structure formed over the second
insmaﬂng|898FaCt pads 132. FO-WLCSP 166 uses vias 138 and 144 in

repassivation insulating layers 136 and 142 to reduce the
opening to contact pads 132 which improves alignment tolerance
with RDL 160. In one embodiment, vias 138 and 144 are 20 pm in
width or diameter, and at least 10 micrometers smaller than the
opening of insulation layer 134, shown as dimension A in FIG.
3o. RDL 160d has a width or diameter of 60 upm, shown as

dimension B in FIG. 30. The RDL alignment tolerance is thus

720 pm with the 20 pm via 138 and 60 pm contact area for RDL
160b and 160d, which is within a typical die shift tolerance.
In general, RDL 160 has at least 12 micrometer per side
alignment tolerance with vias 138 and 144. The re-passivation
insulating layers 136 and 142 improve yield for FO-WLCSP with
lower cost since only lithography and thermal curing are
needed. The re-passivation insulating layers 136 and 142 also
planarize the surface of semiconductor die 124 for better
adhesion to carrier 150 which reduces the potential shifting of
semiconductor die 124. The insulating layer 136 has equal or
better resolution as insulating layer 158. The repassivation
insulating layers 136 and 142 can extend to saw street 126 to
suppress cutting irregularities along the saw street, such as
metal peeling, during wafer singulation. A double saw cut can
be used instead of high cost laser cutting.

In another embodiment, continuing from FIG. 3i, an
electrically conductive layer 170 is formed over repassivation
insulating layer 136 and into vias 138 to contact pads 132
using PVD, CVD, electrolytic plating, electroless plating
process, or other suitable metal deposition process to form
individual portions or sections 170a-170b, see FIG. 4.

Conductive layer 170 can be one or more layers of Al, Cu, Sn,
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9. The semiconductor device of claim 7, further including an opening formed in the first insulating layer.
10. The semiconductor device of claim 9, wherein a width of the opening is greater than a width of the via.
11. The semiconductor device of claim 9, wherein the second insulating layer extends through the
opening and to the conductive layer. 12. The semiconductor device of claim 7, further including a second
conductive layer disposed between the first insulating layer and second insulating layer. 13. The
semiconduttor d&¥ice’dfclaim ¢ Hifthef hchiding aSsetohd tondbdivePRgBrfotada the vk -14. A

semiconductey device; COOWIISEt ions of conductive layer 170a and 170b can
be electrically common or electrically isolated depending on
the connectivity of the individual semiconductor die.
Conductive layer 170a and 170b is electrically connected to
contact pads 132 and operates as an RDL to extend the
connectivity of the contact pads.

An insulating or dielectric layer 172 is formed over
repassivation insulating layer 136 and RDL 170 by PVD, CVD,
screen printing, spin coating, spray coating, lamination, or
thermal oxidation. The insulating layer 172 can be one or more
layers of Si02, Si3N4, SiON, Ta205, Al203, or other material
having similar dielectric properties. A portion of insulating
layer 172 is removed by an etching process to expose RDL 170.

An electrically conductive layer 174 is formed over
insulating layer 172 and RDL 170 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections
174a-174e. Conductive layer 174 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The individual portions of conductive
layer 174a-174e can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 174b and 174d are
electrically connected to RDL 170a and 170b, respectively, and
operates as an RDL to extend the connectivity.

An insulating or dielectric layer 176 is formed over
insulating layer 172 and RDL 174 by PVD, CVD, screen printing,
spin coating, spray coating, lamination, or thermal oxidation.
The insulating layer 176 can be one or more layers of Si02,

Si3N4, SiON, Taz205, Al203, or other material having similar
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a substrate; a first insulating layer formed over the substrate; a second insulating layer formed over
the first insulating layer and substrate; and a via formed through the second insulating layer and
extending to the substrate. 15. The semiconductor device of claim 14, further including an interconnect
structure formed over the second insulating layer. 16. The semiconductor device of claim 14, further

including an opening formed in the first insulating layer. 17. The semiconductor device of claim 16,
wherein a fidth Of tHe Gp&fing 7 greater thAnROARIdtR of e vigsulating layer 176 is

removed by an etching process to expose RDL 174.

An electrically conductive bump material is deposited
over RDL 174 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 RDL 174 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to
form spherical balls or bumps 178. In some applications, bumps
178 are reflowed a second time to improve electrical contact to
RDL 174. The bumps can also be compression bonded to RDL 174.
Bumps 178 represent one type of interconnect structure that can
be formed over RDL 174. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

In FO-WLCSP 180 of FIG. 4, semiconductor die 124 is
electrically connected through contact pads 132, RDLs 170 and
174, and bumps 178 to external electrical components. The
repassivation insulating layer 136 can be polymer dielectric
material, such as polyimide, PBO, BCB, or repassivation
inorganic dielectric, such as Si3N4, SiON, and Si0O2. Vias 138
are formed through repassivation insulating layer 136 inside
the footprint of contact pads 132. FO-WLCSP 180 uses vias 138
in repassivation insulating layer 136 to reduce the opening to
contact pads 132 which improves alignment tolerance with RDL
170. In one embodiment, wvias 138 are 20 pm in width or

diameter, and at least 10 micrometers smaller than the opening
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18. The semiconductor device of claim 14, further including a conductive layer formed over the substrate.
19. The semiconductor device of claim 14, further including a conductive layer formed in the via. 20. A
semiconductor device, comprising: a conductive layer; a first insulating layer formed over the conductive
layer; a second insulating layer formed over the first insulating layer and conductive layer; and avia

extending through the second insulatin% layer to the conductive layer. _
of insulation layer 134. RDL 170a and 170b has a width or

diameter of 60 pm. The RDL alignment tolerance is thus 20 pm
with the 20 pm via 138 and 60 pm contact area for RDL 170a and
170b, which is within a typical die shift tolerance. 1In
general, RDL 170 has at least 12 micrometer per side alignment
tolerance with vias 138. The re-passivation insulating layers
136 improve yield for FO-WLCSP with lower cost since only
lithography and thermal curing are needed. The re-passivation
insulating layers 136 also planarize the surface of
semiconductor die 124 for better adhesion to the temporary
carrier which reduces the potential shifting of semiconductor
die 124. The repassivation insulating layers 136 can extend to
saw street 126 to suppress cutting irregularities along the saw
street, such as metal peeling, during wafer singulation. A
double saw cut can be used instead of high cost laser cutting.
While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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21. The semiconductor device of claim 20, further including an interconnect structure formed over the
second insulating layer. 22. The semiconductor device of claim 20, further including an opening formed in
the first insulating layer. 23. The semiconductor device of claim 22, wherein a width of the opening is
greater than a width of the via. 24. The semiconductor device of claim 22, wherein the second insulating
layer extends through the opening and to the conductive layer. 25. The semiconductor device of claim
20, further including a substrate disposed over the“ddHdiR tive layer and insulating layer.

What is claimed:

1. A semiconductor device, comprising:

a semiconductor wafer including a plurality of
semiconductor die;

a first conductive layer formed over the semiconductor
die;

an insulating layer formed over the semiconductor die and
first conductive layer;

a passivation layer formed over the insulating layer and
first conductive layer; and

a conductive via formed through the passivation layer and

extending to the first conductive layer.

2. The semiconductor device of claim 1, further including an

interconnect structure formed over the passivation layer.

3. The semiconductor device of claim 1, further including an

opening formed in the insulating layer.

4. The semiconductor device of claim 3, wherein a width of

the opening is greater than a width of the conductive via.
5. The semiconductor device of claim 3, wherein the
passivation layer extends through the opening and to the first

conductive layer.

6. The semiconductor device of claim 1, further including a

second conductive layer disposed between the passivation layer
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and insulating layer.

7. 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
and first conductive layer;

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

a via formed through the second insulating layer and

extending to the first conductive layer.

8. The semiconductor device of claim 7, further including an

interconnect structure formed over the second insulating layer.

9. The semiconductor device of claim 7, further including an

opening formed in the first insulating layer.

10. The semiconductor device of claim 9, wherein a width of

the opening is greater than a width of the via.

11. The semiconductor device of claim 9, wherein the second
insulating layer extends through the opening and to the

conductive layer.

12. The semiconductor device of claim 7, further including a

second conductive layer disposed between the first insulating

layer and second insulating layer.
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13. The semiconductor device of claim

7, further including a

second conductive layer formed in the via.

14. A semiconductor device, comprising:

a substrate;

a first insulating layer formed over the substrate;

a second insulating layer formed over the first insulating

layer and substrate; and

a via formed through the second insulating layer and

extending to the substrate.

15. The semiconductor device of claim

interconnect structure formed over the

16. The semiconductor device of claim

opening formed in the first insulating

17. The semiconductor device of claim

the opening is greater than a width of

18. The semiconductor device of claim

14, further including an

second insulating layer.

14, further including an

layer.

16, wherein a width of

the via.

14, further including a

conductive layer formed over the substrate.

19. The semiconductor device of claim

conductive layer formed in the via.

14, further including a

20. A semiconductor device, comprising:

a conductive layer;

a first insulating layer formed over the conductive layer;

a second insulating layer formed over the first insulating

layer and conductive layer; and
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a via extending through the second insulating layer to the

conductive layer.

21. The semiconductor device of claim

interconnect structure formed over the

22. The semiconductor device of claim

opening formed in the first insulating

23. The semiconductor device of claim

the opening is greater than a width of

24, The semiconductor device of claim

20, further including an

second insulating layer.

20, further including an

layer.

22, wherein a width of

the via.

22, wherein the second

insulating layer extends through the opening and to the

conductive layer.

25. The semiconductor device of claim

substrate disposed over the conductive

layer.
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20, further including a

layer and insulating



