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&s?ggm%dﬁ}éﬁﬁ%%H&y%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 éi8&ficafcdhEorEE+Sples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and

digital micro-mirror devicesdDMRsknt invEamicanduetorleyices pestosmaa wide range of functions
such as hi%h-s eed calculations, transmitting and receivin%electronélggnetic signals, controlling electronic
devices, tranStorming Sunightts e1E&tHicity Gnd e atiRg Vistiat projedtions fortelevision displays.
Semicondugctari devices-are-fotad in thextields of eatertainmenty commurieations] pawes conversion,
neWWNkS,%gggng%égukhe 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. 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 bR file SERICBREGCtor 68UiceCNIUCtOR AAYISTFIASIIEISE coMtais dctive and

passive electrical styictpes. iActivesstrictures sinchidjngbipelas enddield gffgettransistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transisfoP eith8r pronTotef'dr rédthictsth& fowBr&lctrical current. Passive structures, including
resistors, capacitors, and énguctorscreate a¢elatieashipbprbyeen veltage-and cuerent necessary to
perform a variety of electrical functions. The gassive and 6?e]"(;tive strgctures are electrical%connected to

form circuifs” WATeh émabl8 thé SEmMicONdtictor delfteto perform High-spedl caldtiiatisns Hnd Sther useful

functions. semicoSemiconduetor levicesare genetally rmanuafactured usmedtwordomplextmamdfacturing
processes |.e.ifroq§%ned r’rlganuf%cetugn ,land l%%ck-en%manufaicettértlr}% each i \éolvmgkpotentlally

anipu d T 1C n o n e c fie . pas
hundreds ot Steps. Front-end manufact ring Tvolves the Tormation of & plurality of die 611 the surface of a

semiconductorneafer. dgachhdieus ty picadlypdenticas and contaimsy circuitsdforyed by ralectreally connecting

active and passive components. Back;end wanylactuing, volves singuiating gy gigyfrom the

conigol 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 semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semiconductor devices have a smaller footprint, which is desirable for smaller end products. A smaller die
size may be achieved by improvements in the front-end process resulting in die with smaller, higher
density actRECEAP paSsivE BoMponbAts® BAakk EhdPrbtessEsay FE&HE R SHtficonductor device
packages with arsspalier faotprisbby Hnprpvements 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 seffi€orfftittordie T8 carRe & 2bnfaet Baa aligrmeft to°sHift RTHELTEs +20
pm, particulardy indfan=eut waferlevebehip scalespackagas (FOrWILESR)e $he e shiftilimits the minimum

achievable cpitch due rﬁ? potential misagg‘%megt, bztween the contact %ad and subsequent RDL. For

example, a 50 X507 pm openiny’over 60 cortact pad witf 209 Via RAS ofily"+15 pm alignment
tolerance, whichuisdessithan the potentiat dig.shift of 420 pm.ocks agesull, dhe FWACSR @ften require
metal depogétlppcaer%d Rg’g’geern}ingSl n\{\ﬂ&% gdgﬁisq &?ru{at%turln% cgﬁt. Ins agdlglgg,a qme Pgmlconductor
manufactufing equipmeént requires special alignment miarks 10 achieve The nécessary tolerances.
Summary chthé levertion 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
manufacturing cost. In addition, some semiconductor
manufacturing equipment requires special alignment marks to

achieve the necessary tolerances.



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 method of making a semiconductor device
comprising the steps of providing a semiconductor wafer having a plurality of semiconductor die each with
an active surface, forming a first conductive layer over the active surface, forming a first insulating layer
over the active surface and first conductive Layer, forming a repassivation layer over the first insulating
layer and first conductive layer, formirgP IR rQfgH-ie ERYSATAR layer extending to the first
conductive layer, singulating the semiconductor wafer to separate the semiconductor die, depositing an
encapsulant over the semiconductor die, forming a second insulating layer over the repassivation layer
and encapsulant, forming &'$&Sontcondtichive HYRF 8VEr therePRsivativn IA§&F afd fifst Conductive
layer, and fesming: adhirb insutatingHayercoves dhe secerid epndusiive dayerand second insulating layer.

In another embodi entI the %esent invegtion is a meth?}fl of making a semiconductar device comprising
the steps ot providing 4 Semicondlictor Warer fiiig ah'aetivé Shitace, ormihg' < first 2oRductive layer
over the activersutface, foxmingya dirsténsiutatinglayer odenthecactivesutface andHisststondsictive layer,
forming a rePassivatIi]on Iaaygreovecr III’]] fir%toinsulgﬁré Iq}/er arr]ld fiarlst clonrdg%t].i\ée Iag/]?r, forming a via through
the repassR/aﬁgﬁ ﬁialye?I extencﬂhlg fo'the first conductive ?éjylergsingglaﬁng 1e Sermiconductor wafer to
separate semvcornoludtor e, deiposimghanventapsulant tivee thiségmicondaoton diey fernfing stsecond
conductiveclg}(l Qver \;rele_ e g§_si\0/%tiqfn @{Sf %@% {i\rfset cggd%%ticveella}/err fcirnming afslercsotnd insulating layer
over the second conductive layer and repassivation layer, formlng a third conductive layer over the
second insufatingdayerancsetonadveonductive fayeycardifofmirg athird nssfatingridyertoves the third
conductive,Layer. ¢l pnother embodiment, the present joyention is 3 methodofmakinga
semiconductor device comprising the steps of providing’a semiconductor die, forming a first conductive
pad over ah3ctive snffaéeé bf thecsaricohduetot dics fornfingaipassivation |&yercoveh thé first conductive
pad and semiggaductor dis, farming auia thgugh the, passivatignJlayer extending o the figst conductive
pad, depositing an encapsulant over the semiconductor die, forming a first insulating layer over the
passivatiors [Hy8F A8 EneapsilaftTorating adetondTondutive Ryer avér theassivation layer and first
conductivead: apdfarming aysecondkinsulating layer Oé/SEQ}?s%Q%%@ cRpductive layer and first
insulating layer. In another embodiment, the present invention is a semiconductor device

comprisingS&Serfiiohidtietor die @nd firsttbrdudtiiERYRFformadGiet i ddiveisupfage oflife

semicondugtgy die. 1A sepassivatipndayerds dormedsoverthe firshgondyctiveslaygnand semiconductor die.
A via is formed through the repassivation layer extending to the first conductive layer. An encapsulant is

deposited 68IHHE SEfficdridiittor e rAfirét iRSMatTd I4yet ’fotMmEaTover the fepissivation layer and
encapsulantc Agsecondcongustive layer isdernad oyet the-tepassivatien layer apd firskeondugtive Layer.

A third insulating layer is formed over the second conductive layer and first insulating layer.
second conductive layer and second 1insulating layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor wafer having an active surface,
forming a first conductive layer over the active surface,
forming a first insulating layer over the active surface and
first conductive layer, forming a repassivation layer over the
first insulating layer and first conductive layer, forming a
via through the repassivation layer extending to the first
conductive layer, singulating the semiconductor wafer to

separate semiconductor die, depositing an encapsulant over the

semiconductor die, forming a second conductive layer over the



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 SBétsféd Besehiptian of th Bradwihgs conductive layer, forming a

second insulating layer over the second conductive layer and
repassivation layer, forming a third conductive layer over the
second insulating layer and second conductive layer, and
forming a third insulating layer over the third conductive
layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first conductive pad
over an active surface of the semiconductor die, forming a
passivation layer over the first conductive pad and
semiconductor die, forming a via through the passivation layer
extending to the first conductive pad, depositing an
encapsulant over the semiconductor die, forming a first
insulating layer over the passivation layer and encapsulant,
forming a second conductive layer over the passivation layer
and first conductive pad, and forming a second insulating layer
over the second conductive layer and first insulating layer.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
conductive layer formed over an active surface of the
semiconductor die. A repassivation layer is formed over the
first conductive layer and semiconductor die. A via is formed

through the repassivation layer extending to the first

conductive layer. An encapsulant is deposited over the
semiconductor die. A first insulating layer is formed over the
repassivation layer and encapsulant. A second conductive layer

is formed over the repassivation layer and first conductive
layer. A third insulating layer is formed over the second

conductive layer and first insulating layer.



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 thePfol§HiMFHSEHBEACIh P8 dfifigD T 21 n9Ssemiconductor 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 semiconducidiiwafer. Badi gt thelwafer cBhtdindadtiver anth pad&ive efkctrical
components; yihichearenelactdenlly connecteartoderm functional electrical circuits. Active electrical
components, such as transistors_ and diodes, have the Stbilit to control the flow of electrical current.
Passive electrical components, sithas capasitors: iduch é??ersié%%?hid?rfan%]?oermers, create a
relationship bptweemveltagecane turrenichecessarystokpertornmeleatrical circuitfanetions. Passive
and active components &Igrmgg pglgrt elSLJSqu:caet%f the sre(r)nci%orgdu&orfvg%%r b aaseries of process
steps including doping, deposition, p otati oli:]raphy, etc‘?hiﬁg, andgplanarizatlonl. ping introduces
impurities intthessemicondudtey material hyteechmiques sudmas don nplantationaortkemeadiffusion.
The dopin% roces modifi%se thceo%lggtéiﬁal %%,duac;[li\c/iity of semiconductor material in active devices,

:t /4 « . .
transforming the se |c8n5uctor material into an insulator, conductor, or dynamically changing the
semiconductor material €ariductivity inrespahse taan ehevtrie fieldeorbase durrentibransistors contain

regions of yarying.types and degrees gi doping amanged aspecessary;to gnable (e fransistor to promote

or restrict the flow of electrical current upon the application of the electric field or base current.

Active and Passiveconypdrients ard fortheasy- 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 may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electRsiftipiath§esrraREdBRsS HIdthR) HBRUWARES Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between

components. 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



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. The portion of the photoresist pattern subjected to light is removed using a solvent,
exposing portions of the underlying layer to be patterned. The remainder of the photoresist is removed,
leaving behind a patterned layer. Alternatively, some types of materials are patterned by directly

depositing TH& Ffatefa irtd theHresd 6Fvdids foried By aprelivls akpostiohftclt prdcess Bising

techniquesssuchas elestieless andelegtrelytic platisgch as tRPepesiting ashindiimsafdnaterial over an
existing pattern can ex%%gerate the underlying pattern and create a non-uniformly flat surface. A uniformly

flat surface’id Yeqliréd &5 produte SthaiRP ahd more ddnsety facketfadive S Fassive Eomponents.
Planarizatioa san-he usesttorresovesvatesiad fron) thesstiface ofdhe wiadferrand praducea-yniformly flat

surface. Planarjzation Involves polishing the surface of the wafer with.a polishing pad. An abrasive
material arid OGS Chafibal BFd 3ABAES tHe SRR e o the Wafar AUrTib BolRhi: The combined
mechanical atticiyef thecahrasive @ndreorrosive-gction afthe chemical cemoves anyderedular topography,
resulting infglggiffgrrrgllg flat surface. Back-end manufacturing refers to cutting or singulating the
finished wafer into the individual die and then packaging the die for structural support and environmental
isolation. To singulate theadie,ithe wafér iscscoved andibwokert aloagenansfumetiomaleegions of the wafer

called saw syrepts or scrings, The wafer s singylated using, 5 aser.quiting topl o saw blads. After
singulation, the individual die are mounted fo a pacﬁage substrate that include pins or contact pads for

interconneémmhlmheiosa'@l@n c@mmﬁemwcoma@tqqddistfbmedmer tr%tsémm@nda@t@r die are then
connected 1q ¢ontact pads withinyihe;package, The glectrical connections, can e, made with solder

bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or other molding material is
deposited 6¢arithe pdiekage taproviderphysicdl stippoasme electhicakisalartionMHe fikished package is

then insertgd intg an,electical-system andrthe fypctionality, of the semigandugtor device is made available

to the other system components. FIG. 1 illustrates electronic device 50 having a chip carrier

substrate 6t tinted EfcuitBeerdPTB) B2 with apltARFESehicOREGEdR padkagestmbanted on its

surface. Elggtyonic device-30may-haye anetypeof ssmiconductarpackage, onmwltiple types of
semiconductor packages, depending on the application. The different types of semiconductor packages

EﬂeShown%Qﬁﬂé?fﬁﬁwnﬁ68§¥§69muﬂﬁﬁkﬁﬁnamiCally 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 may involve chemical vapor deposition
(CVD), physical vapor deposition (PVD), electrolytic plating,
and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive

components, or electrical connections between components.



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
microprocessors, memories, application specific integrated circuits (ASIC), logic circuits, analog circuits,
RF circuits, discrete devices, PHREF séfcdritulfor die BF 8ledfica? cBmpbAents? °9r 3Py FIG. 1, PCB
52 providegrigeneraksubsirate for stristiaksuppostrand sleetricah kercoaneettafthg semiconductor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 usinevagtiaficit, Eiedfoly Y fiatifg el&ft¥§iEsS BldtngPedre8h Briting “oPGthEF Stitable metal
deposition psocassn Sighat Faces 54 provide ferelertrical eorampinication dietweear eagh of the: .
semiconductor packages, m ungﬁed components, and other exterr@s ste cgmpi)negtts. Traces 54 also
provide powaf aﬁa]ﬁi’gﬁﬁld Sgn (ti0RS 15 @REHR of thd 8&mitonda ?%%EE ges. ~T9% In%ome
embodimentspaseinicendiictar device has twapaskaging devels.rfdrss feveh packaying isiadechnique for
mechanica{lg and eg%ctgcagya%t%cghin%the ﬁ%miconductogjdie tofar]cmerrr%eodciate carrier. Second level

packaging involves mechanically and eléctrlca?lyra?trg%ﬁfﬁgetﬁe?ntermed'rpa & carrier to the PCB. In other

embodimentspasemicdrductogdddte maysomy hawe thel fifst Jevel pagkaging atheve the diedse
mechanically and electrically mounted directly.to the PCB, .. For the purpase of illystration, several
e o e ey iz e et 52
Additionallyiesesetal types of sévonddevel packagings inctudiegtbalf ged@reyi(BGA) 60, bump chip

carrier (BC@F% %?LWE'@@CRE‘%SNS‘J‘QSAPéPL@%’A nd guig, Aray (- GA) 66, Jaultichin module, (MCM) 68,

guad flat nonleaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Dependingpusbrethecdystdrii requikdreatzy any combination of semiconductor packages, configured with

any combination of first and, seqqnd,level packaging styles, as wellias other electropicicomponents, can

be connected to PCB 52. In some embodiments, electronic device 50 includes a single attached

semiconduetdrgtckage nwhite 6te¥ @hfb ddimeRRCEGHILBE AfUIRFE e Fonm@ cietRidckages OBy

combining QRE Q4 FRAKE SeMicondyGigrpackages aves Asingle substrates manufactugers ; cayincorporate
pre-made components into electronic devices and systems. Because the semiconductor packages

include sopHistiiated fithctiBAas L elREffoAie VIR &b & AfdrftfactGletViTsing ehedssrctmponents
and a streargliped manyfacturing,process.i The resulting dedees arerless likelyde faikand lessyexpensive
to manufacture resulting in a lower cost for consumers. _

the surface of the wafer and produce a uniformly flat surface.

Planarization involves polishing the surface of the wafer with

a polishing pad. An abrasive material and corrosive chemical

are added to the surface of the wafer during polishing. The

combined mechanical action of the abrasive and corrosive action

of the chemical removes any irregular topography, resulting in

a uniformly flat surface.

Back—end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then

packaging the die for structural support and environmental

isolation. To singulate the die, the wafer is scored and

broken along non-functional regions of the wafer called saw

streets or scribes. The wafer is singulated using a laser

cutting tool or saw blade. After singulation, the individual



FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a illustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 includes an active region containing analog or digital circuits
implemented as active devices, passive devices, conductive layers, and dielectric layers formed within the
die and are electrically interconnected according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elements fOrifed WRNFPIAR Eedive teGioR Bt sficonthittsrdie 74 Eontdt pads 6PdrriFor more
layers of cerduciive materals such asatupiiin {ALk Copper (Gihetin 6SR): dickebiMipraald §Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembly GFDIPP6%, Sficon@dd6rdid Vs is ThEuriteld 16 AR e dite cahfer 78 Using a gold-silicon
eutectic layesrof adhesivednateriah suchpas thermah epoxy er epexatesin. The=packegedtiagylincludes an
insulative packaging.material such as polymer or ceramic. Conductor Ieadsu%O and wire bonds 82 provide
electrical incig%%%ﬁ cthétwesh e?’ni@gfg u&&nt%iesﬁi %& B3 EA&AISUARTSY is deposited over the
package far @mvirenmeatad psatection by prexenting .moisture ranapartieles from entesing the package and
contaminagl%qgi{enm oray@/i@ .boPdeSZd site'éledvzeb Illg%téateggﬁréheer e(;[ail 8253%:662 mounted on
PCB 52. Sémiconductor die 88 is mounted over carrier 90 usmgpan Gnderfi or%poxy-resin adhesive
material 92:Wise bahds Ydguroviderfitstdéeel tpaickagingdniercdmmect bétween camtactipads 96 and 98.
Molding compqund or.encapsulant 100 is depasited over-semiconductor. die 88 and, wire bonds 94 to
provide prBCA TR s et ieal et e T G ot ace e Toa bR fed over &
surface of P@B-52 asigid suitdble netakbdepositibrepiocess sucle as electdbiyticvplatiad oeelectroless
plating to p{g\éergtq/g%dratig{)sggﬁtacc&gﬁgﬁ 402 are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bunips 104 are formed between contact pads 98 of BCC 62 and contact pads 102
of PCB 52. In FIGL Qe, semicbnelbictol eie 58 ¢ movntad faeeidowrb b interinedliate Carier 106
with a flip chip style first jeve} packaging, Active yegion 108 of semicondugior die 58 cantains analog or
digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers
formed acdokdingté the efectical desiATTthe BIfe ¥ exaRtpie the cirtuit rfaySMEkriecone or more
transistorsgdigdes.dnductaLs, capacitorsqkesisiors. gnd othgrLircHit glementswithin active region 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.

BGA 60 is Bfeeticiily aid meéhdmically-abifiiectdd fPPERBTW A A BBACH SSecon@ievet pagkaging
using bumps, 112Semicondiictos die 581is electrically conpected tg copdugtiversignaldraces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is

deposited BT EHicoAdTctoraits8-and Eamiet 1680 proviaé phySical upport dtd Blectrical isolation

for the device. The flip ahip semicondugtor deviceppravidesa shart elegtricabeendugtioanpatih from the
active devices on semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal

propagatiol HistahG€, 16®Er CaPSLIaNRE, BAG AFOVe Bveral &irduit pétforftare” fn another
embodimest, ¢he semicontucter e 58 camlhe-mesharisally, and etectiicaily cosneeteddirestly to PCB 52
usmgf”png)%ygﬂgg%ﬁggug§¥agPQQNTg¥gé@BQ§Sgg%ﬁCaggglggémple, electronic

device 50 may be a graphics card, network interface card, or

other signal processing card that can be inserted into a

computer. The semiconductor package can include

microprocessors, memories, application specific integrated

circuits (ASIC), logic circuits, analog circuits, RF circuits,

discrete devices, or other semiconductor die or electrical

components.

In FIG. 1, PCB 52 provides a general substrate for

structural support and electrical interconnect of the



FIGs. 3a-3o illustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a repassivation layer over the
semiconductor die with a reduced opening to the contact pad for better RDL alignment tolerance. FIG. 3a
shows a semiconductor wafer 120 with a base substrate material, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of semiconductor die or
components 124 is formed on wafer 120 separated by saw streets 126 as described above. FIG.

3b shows & EROSSKELHGhAIVIER Of 250HiBR OF S8MicThdulfor Water 126 E&¢H deihicohdlietbr die 124
has an active stisface 4 39rcontaipingianaleg ox digitak sircuitsimplemented-asactiverdevices; passive
devices, conductive Layers, and dielectric layers formed within the die and electrically interconnected
according O thBEIEXAER dEsIgH an§ HHTHbR of tHE die: Fot BXanple Thé LirEdie héiide one or
more transisieise digsesnanch gihes cirsuit elerents fomaechwtthin activessurface I3O-tedsplement analog
circuits or digital circuits, such5 sdi ital,a%gzl rocessor DSP), ASIC, memory, or %hetr signal
processing direuit: Sehficsituttordie 12 §P hIso ' ¢ontain iPDs 8L B4 firtfuctors Eapscitdrs, and
resistors, feaRFE sighal iprocessing iuelectricaly kanductivedayarclB Zisriprmed over active surface 130

using PVD, CVD ele%treorl)r/]tl platin ,ele%troless glnaiglgg process, or %gr?er uitable megfll deg%smon

process. C%F\ Sgtiveeﬁayerf 2dn be one or more ayers of Rl?%su, |,S u,p,&é),volr othér Stitable

electricallyaondgctivennhaterial.eConductivedayerct3 2dperate ssas contadtpads eleetricatiy sonnected to

the circuits on active surEalt,lcesloSO. In FIG, 3¢, an |nI%JIcagrrllguocrtdé(]aflegtg_\cf;il%%erhlaSSél |§Vggrmed over

active surface 130 and contactrﬁ%dgri}%%dulsr?ﬁél Vb, TV, printing, spin coating, spray coating, or
thermal oxickation gThe instiating layérit34 cdre be orecorkmorekayers of siksonndiaxide{5102), silicon

nitride (SIN) siligon, exynitide (S|QN).1aptalym pentoxids (12203). aluminum Qxide,(AIZ03), polyimide,

benzocyclobutene (BCB), polybenzoxazoles (PBC)), or other suitable dielectric material. A portion of
insulating lagerI34 Bherrsdddihras @tchisy process @6 forht ER bpeairigrarid expasecdorttact pads 132.

mechanically and electrically attaching the intermediate
carrier to the PCB. In other embodiments, a semiconductor
device may only have the first level packaging where the die 1is
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
combination of first and second level packaging styles, as well
as other electronic components, can be connected to PCB 52. 1In
some embodiments, electronic device 50 includes a single
attached semiconductor package, while other embodiments call
for multiple interconnected packages. By combining one or more

semiconductor packages over a single substrate, manufacturers
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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 5102, 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 pais- 1321 P pSRIbR df the BoRGRCEPAR Withi ts fdbtprimt! 9RE 188 isforRBd Sithin Btk opening
of insulatiogJayesk34. \fia d384s at least 4@ misrameters-spalersihap the epegaing of insulation layer
134. In another embodiment, continuing from FIG. 3c, an electrically conductive layer 140 is
formed ovetTREGISTNG d&FEr 134 &hd CBARdUC e I8y 1E3 2 usifg BVD,EVD 8l cliBlytic plating,
electrolessnalatiiig process, arsather suitahle metahgepasiiton pregess, as-showni ieblG. 3e. Conductive
layer 140 can be one or more layers of Al, Cu, Sn, Ni, fu, Ag, ar other suitable electrically conductive
material. "SR HCEE S aepasiation REUIRTC LR 14398 toifech bver IS Tatiid fyér 184 and
conductivetlayera140 by @ VI VB x peintinig; spirocaatingt sprayreoatingy or thesmahoxidaterrThe
repassivation insuIJa'g_ifn%léag/er 142 can be one or more layers of 5102, SI3N4, SION, Ta205, Al203,

polyimide, f’%%, po(fymer ielECTric, ‘or other material having similar insulating and structural properties. A

portion of repassivation instkatingdaysr 1208 remeved byvarsetchinmgnprocess tooforiaga 444 and expose
an inside portion of.canduglye laver 140, &3 padion.of the cpdudiive,gysruithin isfoptosint. Via 144

is formed within the opening o insulation layer 1 a 144 s at least 10 micrometers smaller than the
opening ofSasulatiolayepi3dic 74 indAlG1Sy, atempoiary substrate orocareenib@ contains

temporary f ﬁi‘%ﬁ%{_ icigl base material such as siligon. olyInen RALMER GoIPgSILs, metal, ceramic, glass,

glass epoxy, beryllium oxide, or other suitable low-cost, rigid material for structural support. An Interface
layer or tapen $52 iapislictcever capisl B0l as a tempbrary adhedive lsondingfilhR Besteh-stop layer.

Semicondugtorwafe 12045 singulated thignob savestests 126 using alaser Guing.1ggl or saw blade,

Semiconductor die 124 are mounted to Interface layer 152 over carrier 150 using pick and place
operation. F6F tHeIptrpose of liRistat6r, T Serictnaletor eife 128 withcrepaSsivatiorriiBlRiting layer 136

from FIG. 34,and;semicenductor, diej 124 with copdugtive-layer, 140 apdrs, diodes,
inductors, capacitors, resistors, and other circuit elements
formed within the active region of semiconductor die 74.
Contact pads 76 are one or more layers of conductive material,
such as aluminum (Al), copper (Cu), tin (Sn), nickel (Ni), gold
(Au), or silver (Ag), and are electrically connected to the
circuit elements formed within semiconductor die 74. During
assembly of DIP 64, semiconductor die 74 is mounted to an
intermediate carrier 78 using a gold-silicon eutectic layer or
adhesive material such as thermal epoxy or epoxy resin. The
package body includes an insulative packaging material such as
polymer or ceramic. Conductor leads 80 and wire bonds 82
provide electrical interconnect between semiconductor die 74
and PCB 52. Encapsulant 84 is deposited over the package for
environmental protection by preventing moisture and particles
from entering the package and contaminating die 74 or wire

bonds 82.
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repassivation insulating layer 142 from FIG. 3f, are mounted to carrier 150 with vias 138 and 144 oriented
to interface layer 152. In FIG. 3h, an encapsulant or molding compound 154 is deposited over
semiconductor die 124 and carrier 150 using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or other suitable applicator. Encapsulant
154 can be polymer composite material, such as epoxy resin with filler, epo%crélate with filler, or

polymer with proper fillef. EhcapSulant 154 15iheh themaured t6a’sofd f HedpRuirit454 is
nonconductiverang environmentalhpretedts the semicondugton gevigeftam extarnakelements and
contaminants, In FIG. Si, the temporary carrier 150 and Interface layer 152 are removed by
chemical etthind, rﬁ@cﬁﬁ}ﬁ(?aﬁ%]eje]r-oﬁ]: CRAS MedianiCal YHhditg, théital bake, U% light 1aSer scanning,
or wet strippingl Semicondudtoe dieil24 ara-siagulatedusing @ lasereuiting teal opsawdelade 156.

In FIG. 3], an insulating or dielectric layer 158 is formed over repassivation insulain%lay% 36 and
encapsulaTEF 51 16 ShiguiAet SorondCEtor e SBY PYDS| VD B588R pibting, dbin Loating,
spray coatifigp lasinatior,warthermal axidationo Fhe irsuatinghayet 168 isande orie ebmore layers of
5102, S13N4, SION, Ta205, Al203, or other material having similar dielectric properties. A portion of
sulating 1567 T8 i SHic et by A BREHIG DIoCOLE (6 PASALe teh 2L ATn LAt layer 136 and
contact padet32cThe Opehimgofpasidatinlayer 158 candecroandvias; trenches,forRiig)ss but in any

case the opening is larger. th Tvias 3§f0 alignr ent purposes. In gne gmbodinﬂ nt, the opening of
insulating I%f/érn %52? ei%ﬁ ggat (Feané?lZg pnglJr fiv gggh]c %IPrecr%)fnotggysosnds vias 138. - gcttroi?ég.lﬁ( shows a
bottom viewlgftinsudting layees- 158 aad sepassivationtinswatng ey ep 1 Bé aovep semiconduetsr die 124 and

encapsulant1pd. Mias 128 atg formedinside the fpatppinkof coniaet pads 132.and extend.down to the
contact pads. An optional alignment mark 159 can be used for various manufacturing equipment.
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
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide

physical support and electrical isolation for the device. The
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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 ‘corim6R o efSEiCAN 8GR d&pEriding bR YRE RnAe GVRY of T mbhvidiaal semiconductor

die. Condustiviellayer d60pand k6Qshistelectdealirconnegtadkto contacthpasisntiZ-and opeategas a
redistribution layer (RDL) to extend.the connectivité/ of the contact pads. Conductive layer 160 can be
formed inside theBpERing’ M iisdathTy el 188 1éed BoRdliétive 18y &rtBibj of bitéde the opening in
insulating layenkas (Seencenductivie éayer d66d).capacidafe, 3amaninguatiag ot dielactric layer 162
is formed over ins,uéatin%?éler 158 and RIDL 160?& PVD, Clell),, screen grintin , Spin cogating, spray
coating, laminatioht oP termal'8Xidation. The thlifatihg TAVSITED Can bé Bfie Brtnsiday&rsBf 5102,
SI3N4, SION eTa205; Al202, orcathemmateriaf havingesimidardiekectnc prapediaseA partientof insulating
layer 162 is re ed by an.etchipg process to expose RDL 160. In FIG. 3n, an.electrically conductive
bump matér?alrﬁg%é%o%sﬁg& Iclﬁj}er{;l Igfﬁ fgbl gsirS%}gfn)eevg;%oro?éttione,\é?elct%?yr?éaﬁé‘ﬁ]ﬁg,We}e%c%)olf%ss plating,
ball drop, arrsceeerepriating process.rTHObump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder,
and combinations there ith an_optional flux solution. For example, the bu aterjal can be eutectic
Sn/Pb, high-lead solder,q:gir cad- r%_e@s%l eHrf.LI‘lﬁg rb%trcnep' material gaptc)ér?é]e(} %E%%l’%%&ﬂdﬂ a suitable
attachmenter-Bonding processs Irrdne embodiment; drebgmpahaterial syeflowedbytheating the
material ahoye:its melting fointto farm sphetical balls or bumns 164, In seme apnlications, bumps 164

are reflowed a second time to Improve electrical contact to RDL"160. The bumps can also be
compressi®® bordeR 3 ROLLIBMBUMPS 1684 apresent dfie type cflArscenrfesst seraodive tieat can be

formed over RDL 169, The Iptercqnnect structuire can alsoyse hond, wires stud bump, micro bump, or

other electrical Interconnect. In FO-WLCSP 166 of FIG. 3n, semiconductor die 124 is electrically
connected ¥6700GA ‘cohtact phtls U822 REAN 166 ranthBumps A16a 38 ekiErnaPéleéttitaF€dmponents. The

repassivatiop,ipguatinglayer 136 in f1G.13d apd repassivation jpgylating ket 142 dn G -3.can be
polymer dielectric material, such as polyimide, PBO, BCB, or repassivation inorganic dielectric, such as
SI3N4, SION CartF 5EOTPPRAS RS arrii144 afetdrffedIRrdlgifrepassivatiaiinstikfingYayer136 and

repassivatignipsuylating layek 142 srespeetively, dpside the footprint of 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 Improvesdignitent d8rarte#itt RDISE60. IR Bhe eriBodimeht Aias 188 anbl 144 are
20 pm in width of siiametesrand atleasb b0 microsreteessmakerthan the opening of irsulation layer 134,

shown as dimension A in FIG. o o _ _
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
formed within active surface 130 to implement analog circuits
or digital circuits, such as digital signal processor (DSP),
ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain IPDs, such as inductors,

capacitors, and resistors, for RF signal processing.

An electrically conductive layer 132 is formed over
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30. 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 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 Ii,thogra%/)hy and thermal curinc? are needed. The re-passivation

insulating 13§érsVE36°and 242 alst’planafige thesurfal of semnicbAdudtordi B34 87 better adhesion to
carrier 150avhieh reducas thepotertial sbifting pf semiconducton dieab24 The-nsulatipg dayerdk36 has
equal or better resolution as insulating layer 158. The repassivation insulating layers 136 and 142 can
extend to SAPEFES 126 SUppredScdtinG irrdgiiiaiies A6ng e SawSticet, ' Suthras Mkt peeling,
during wafef:singulation., A glopblessaw cubean: be siseddnstead D& bighicost 1aser cutting: i ve In
another embadiment, continuing from FIG. 3i, an eé ctrically conductive layer 170 is formed over
repassivation inétitirig layeF ilgg ahdSntoVigg 138 1o RBhtaet padS 135 Ui PVDB VD, electrolytic
plating, eleetreless iplating,proceas,carcathersuitable- etalidepositionqarocesssiarfosmdndivi@ual portions
or sections 170a-170b, e I 2, 4.§:ondatljrc]:tive Isal}/f:{!'1 179 canrbedon or more quaers rof ﬂ Cu,SSn, Ni, Au,
Ag, or other suitable electrically conductive matenar ﬁ'ﬁe%&vidué?por%on% of coﬁlguctlveﬁaﬁer 170a and
170b can beceteetticaily commtonyer etectricatly iselated dependimgtornpthesconh2ctivitynof théhndividual
semicond die. C(r)lnductive la er 1C7OOatzi11nd 17Qb.is eleggiacgli 8onnoc?fct%fflltqf rcn%ritact pads 132 and

4 t 4 I 14 . . .
operates as an RBL to exterd th conneactlvﬂg of tHe contact pads: N insulating or dielectric

layer 172 is forfrediover repassivationlinsilating dayeer 1864anthRDbel 700by PV A@¥D Lsgreen printing,

spin coalinge sray;coaling, lamination, as fhermal oxidafio, The insufalingayer 172 ¢an pe one or more
layers of Si02, Si3N4, SION, Ta205, Al203, or other material having similar dielectric properties. A portion
of insulating¥ayerti7xis rémigvidd bytametching potess telexgdse?RDL, 170l uminum Arraléetrically

conductive layer;74 is fgimeg oyer insulating Jayer172.and RRL:170 usingRVD ,CYD, electrolytic

plating, electroless plating process, or other suitable metal deposition process to form individual portions
or sections(PFAA-1728&. CoRGUCTvE 1ayer 157 4°dah BE bhé Driéretayers of AIPCHESANNR AU, Ag, or other

suitable elgctdcally.canduetive maferial; The individyalRortigns eteanductive layer 174arli4e can be
electrically common or electrically isolated depending on the connectivity of the individual semiconductor
die. ConduetiveR§fet 174BHhdCERRF&re SIBERiEAIIPESnected to RDL 170a and 170b, respectively, and

operates as an RDL to extengrthe copnegtividbassivation insulating layer 136 is
formed over insulating layer 134 and contact pads 132 by PVD,
CVvD, 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
pads 132, i.e. a portion of the contact pad within its
footprint. Via 138 is formed within the opening of insulation
layer 134. Via 138 is at least 10 micrometers smaller than the
opening of insulation layer 134.

In another embodiment, continuing from FIG. 3c, an

electrically conductive layer 140 is formed over insulating
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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 5i02, Si3N4, SiON, Ta205, Al203, or other material having similar dielectric
properties. A portion of insulating 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, eletfrbfss ity Bafl 6P Tristfedr BRnting procesE TR Bunip matetiaf 4/ BEYAIISn, Ni, Au,
Ag, Pb, Bi,{3u,t selger.cansteamnbingtions theraef, witbarseptional dux selution: Epn examplel the bump
material can be eutectic Sn/Pb, high-lead solder, or lead-free solder, The bump material is bonded to RDL
174 using 4 SOREDIE HHACRRREAT BF boRGInG Pr8Less’ If bfie enfibodim@Rt h& blifnp aterial i¥reflowed
by heating ¢the materalaboveritsraeltingqointds farm spherical balls pr humpsyl, 7& tn semerapplications,
bumps 178 are reflowed a second time to improve electrical cont%ct to RDL 174. The bumps can also be
compressiomn %8828 {ROL 174 pS i?@?&ﬁfe‘é@n%‘ﬁee type of Interconnect structure that can be
formed over RDL 174. The imtecconhect structpresedn alsoaiseibond wireésostuid permp, 4icticsbump, or
other electr%'%q:lnilrelggr%onnrect.ns In FQ—ANLCSE’ JﬁSO %%FIG.n4d sgmicondlugt%rrdi?} 4 is electrically
connected throug co\ﬁ?acthadgll%té,lﬁ%Ls ]Y'/eorang 73, and %umlfos 178 to éxternaf electrical
componeniVThedépassivationiingulating taysrdi36rean Isepelymeradielegtricanateiaksath as polyimide,
PBO, BOB, or. repassivation.inorganic dielectric, such as SI3N4, SION, an 02._Vias 138 are formed
through reggsls{/%ﬁ)%r}hsulgﬁﬁg igae er i%é\fr%l 8 the o%%;%lr%tlor} o%e%’c?%a%g }135?EO-\7\/LOC?§P 180 uses
vias 138 inaepassivaticryigvsalating Jayst 136itoNeduce the ofenifg to toAtact pads 132 which Improves

alignment tolesange with RD 170, I one emhodipant, vias 138 ake %%‘9!{'}1%1 wigdif et diameter, and at
least 10 micrometers smaller than the opening of insulation layer 134. RDL 170a and 170b has a width or
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. 3g, 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 carrier 150 using pick and place operation. For the
purpose of illustration, a semiconductor die 124 with
repassivation insulating layer 136 from FIG. 3d, and

semiconductor die 124 with conductive layer 140 and
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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. In 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 t& The fehp6raty Bartie? Which Rsliut@E the potentiaPghiftihg of Semiédd RIS EiEAL 240 The
repassivatigarinsating Bygis 136 can extanditosaw streeti k26 tassuppress eutting drregularities along
the saw street, such as metal peeling, during wafer singulation. A double saw cut can be used instead of
high cost |&55€%1 cutting. While one or more embodiments of the present invention have been
illustrated in detail, the skilled aetisaanhwillappreciatesthas modifications and adaptations to3hoses

embodiments may be made without departing from the scope of the present inyention.as set forth in the
following CIATRE® (s Wrat FEBARGIC or die 124 and cdrrier 150 using o

paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
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. 3j, 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
158 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 um in each direction beyond wvias 138.

-16-



1. A method of manufacturing a semiconductor device, comprising: providing a semiconductor wafer
having a plurality of semiconductor die each with an active surface; forming a first conductive layer over
the active surface; forming a first insulating layer over the active surface and first conductive layer;
forming a repassivation layer over the first insulating layer and first conductive layer; forming a via
through the repassivation layer extending to the first conductive layer; singulating the semiconductor

wafer to separate the sefmifondttGhES AepBSitiRG ah itapSulantBvérithe skmiesrfductdr die;
forming a sac@nddpsidating layen oversthesepassivationlaygrand eacapsiathductor 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,
screen printing, spin coating, spray coating, lamination, or
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
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forming a second conductive layer over the repassivation layer and first conductive layer; and forming
a third insulating layer over the second conductive layer and second insulating layer. 2. The method of
claim 1, further including forming an interconnect structure over the second conductive layer. 3. The
method of claim 1, further including: forming an opening in the first insulating layer prior to forming the

repassivation layer; ~ forming the repassivation layer over the first insulating layer and first conductive
Iayerandls 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 1is
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 Si0O2. Vias 138 and 144 are formed
through repassivation insulating layer 136 and repassivation
insulating layer 142, respectively, inside the footprint of
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.
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forming the via within the opening of the first insulation layer through the repassivation layer, the via being
at least 10 micrometers smaller than the opening of first insulation Layer. 4. The method of claim 1,
wherein the second conductive layer has at least 12 micrometer per side alignment tolerance with the via
in the repassivation layer. 5. The method of claim 1, further including forming a third conductive layer
over the first insulating layer and first conductive Ig?/er prior to forming the repassivation layer. 6. The

method of ¢Rim EWheléihid périion dfthd 8efdnd coRtIGTe Pyt Ys Fotmet MEfdest outside the

second insylatingdayer. 5. fnmethind gbmanufactaing a segiernducterdavices omprisngs providing a
semiconductor wafer having an active surface; forming a first conductive layer over the active surface;
forming a firsCinEtatiad Pyt Dveér tHerastive sutfaceighdfirstBorduttive tayerea 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,
Ni, Au, Ag, or other suitable electrically conductive material.
The individual portions 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
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forming a repassivation layer over the first insulating layer and first conductive layer; forming a via
through the repassivation layer extending to the first conductive layer; singulating the semiconductor
wafer to separate semiconductor die;  depositing an encapsulant over the semiconductor die; forming a
second conductive layer over the repassivation layer and first conductive layer; forming a second
insulating layer over the second conductive layer and repassivation layer; forming a third conductive
layer over HePSEont indtatidg idyer aRb 'seebn8@0fductive layer; and  forming a third insulating

layer over the third condpgtivenk@yielt ing 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
dielectric properties. A portion of insulating 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,
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8. The method of claim 7, further including forming an interconnect structure over the third conductive
layer. 9. The method of claim 7, further including: forming an opening in the first insulating layer prior
to forming the repassivation layer; forming the repassivation layer over the first insulating layer and
first conductive layer; and forming the via within the opening of the first insulation layer through the
repassivation layer, the via being at least 10 micrometers smaller than the openi ;i{Of first insulation

Layer. 10.°FHeRiethG 6 ASIRY T Rhers e §e65Hd cOduttive IR Hakaak €842 micrometer per

side alignment felerance wih thacviagn he repassivagondayer; 41. The methed:of claie 7, further
including form Fh/ a%a fourth conductlve layer over the first |nsulat|ngLIayer and flrst conductive layer prior to
forming the’ pp S|v1?;1ﬁ8 T oldér, or lead-free so e 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, vias 138 are 20 um in width or
diameter, and at least 10 micrometers smaller than the opening

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
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12. The method of claim 7, wherein a portion of the second conductive layer is formed inside or outside
the second insulating layer. 13. The method of claim 7, wherein the second and third conductive layers
operate as redistribution layers. 14. A method of manufacturing a semiconductor device, comprising:
providing a semiconductor die; forming a first conductive pad over an active surface of the semiconductor

die; formin% a passivation _Ia)k/ler over the first conductive pad _ _ _
olerance 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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and semiconductor die; forming a via through the passivation layer extending to the first conductive pad,;
depositing an encapsulant over the semiconductor die; forming a first insulating layer over the passivation
layer and encapsulant; forming a second conductive layer over the passivation layer and first conductive
pad; and

Claims

What is claimed:

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

providing a semiconductor wafer having a plurality of
semiconductor die each with an active surface;

forming a first conductive layer over the active surface;

forming a first insulating layer over the active surface
and first conductive layer;

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

forming a via through the repassivation layer extending to
the first conductive layer;

singulating the semiconductor wafer to separate the
semiconductor diej;

depositing an encapsulant over the semiconductor die;

forming a second insulating layer over the repassivation
layer and encapsulant;

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

forming a third insulating layer over the second

conductive layer and second insulating layer.

2. The method of claim 1, further including forming an

interconnect structure over the second conductive layer.
3. The method of claim 1, further including:
forming an opening in the first insulating layer prior to

forming the repassivation layer;
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forming a second insulating layer over the second conductive layer and first insulating layer. 15. The
method of claim 14, further including forming an interconnect structure over the second conductive layer.
16. The method of claim 15, wherein the interconnect structure includes a bump. 17. The method of
claim 14, wherein the vias of the passivation layer are at least 30 micrometers smaller than the first

conductive pad. 18. The method of claim 14, further including: forming an opening in the first
insulating layer pricttB8fihghé PResivatiGit fayRr;layer over the ILirst insulating

layer and first conductive layer; and

forming the via within the opening of the first insulation
layer through the repassivation layer, the via being at least
10 micrometers smaller than the opening of first insulation

layer.

4. The method of claim 1, wherein the second conductive layer
has at least 12 micrometer per side alignment tolerance with

the via in the repassivation layer.

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

conductive layer prior to forming the repassivation layer.

6. The method of claim 1, wherein a portion of the second
conductive layer is formed inside or outside the second

insulating layer.

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

providing a semiconductor wafer having an active surface;

forming a first conductive layer over the active surface;

forming a first insulating layer over the active surface
and first conductive layer;

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

forming a via through the repassivation layer extending to
the first conductive layer;

singulating the semiconductor wafer to separate

semiconductor die;
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forming the passivation layer over the first insulating layer and first conductive pad; and forming the
via within the opening of the first insulation layer through the passivation layer, the via being at least 10
micrometers smaller than the opening of first insulation layer. 19. The method of claim 14, further

including forming a third conductive layer over the first insulating layer and first conductive pad prior to

forming the passivation layer. 20. The method of claim 14, wherein a portion of the second conductive
layer is formed inSiGB o7 butide e first sttty Iaydic 21 ¢ sémitonaietsr bevicd: Eémprising: a
semiconductor dig;o rm #nfiyskcerdustive dayenfermed ovekan astive-suniace-elthe semiconguctor die;

layer and first conductive layer;

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

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

forming a third insulating layer over the third conductive

layer.

8. The method of claim 7, further including forming an

interconnect structure over the third conductive layer.

9. The method of claim 7, further including:

forming an opening in the first insulating layer prior to
forming the repassivation layer;

forming the repassivation layer over the first insulating
layer and first conductive layer; and

forming the via within the opening of the first insulation
layer through the repassivation layer, the via being at least
10 micrometers smaller than the opening of first insulation

layer.

10. The method of claim 7, wherein the second conductive layer
has at least 12 micrometer per side alignment tolerance with

the via in the repassivation layer.
11. The method of claim 7, further including forming a fourth

conductive layer over the first insulating layer and first

conductive layer prior to forming the repassivation layer.
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a repassivation layer formed over the first conductive layer and semiconductor die; a via formed
through the repassivation layer extending to the first conductive layer; an encapsulant deposited over the
semiconductor die; a first insulating layer formed over the repassivation layer and encapsulant; a
second conductive layer formed over the repassivation layer and first conductive layer; and

12. The method of claim 7, wherein a portion of the second
conductive layer is formed inside or outside the second

insulating layer.

13. The method of claim 7, wherein the second and third

conductive layers operate as redistribution layers.

14. A method of manufacturing a semiconductor device,
comprising:

providing a semiconductor die;

forming a first conductive pad over an active surface of
the semiconductor die;

forming a passivation layer over the first conductive pad
and semiconductor die;

forming a via through the passivation layer extending to
the first conductive pad;

depositing an encapsulant over the semiconductor die;

forming a first insulating layer over the passivation
layer and encapsulant;

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

forming a second insulating layer over the second

conductive layer and first insulating layer.

15. The method of claim 14, further including forming an

interconnect structure over the second conductive layer.

16. The method of claim 15, wherein the interconnect structure

includes a bump.
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a third insulating layer formed over the second conductive layer and first insulating layer. 22. The
semiconductor device of claim 21, further including an interconnect structure formed over the second
conductive layer. 23. The semiconductor device of claim 21, further including an opening formed in the
first insulating layer, the via being formed within the opening of the first insulation layer through the
repassivation layer, the via being at least 10 micrometers smaller than the opening of first insulation layer.

24. The semiconduitfortféviasoPdiaint 21N héreilf 5 Secortd Conthtive fayet has at least 12

micrometep perside aligmeny taleranse yith theada ntheirepassivation layer.1 25. The semigonductor
device of claim 21, further including a third conductive layer formed over the first insulating layer and first
conductivellagé: conductive pad.

18. The method of claim 14, further including:

forming an opening in the first insulating layer prior to
forming the passivation layer;

forming the passivation layer over the first insulating
layer and first conductive pad; and

forming the via within the opening of the first insulation
layer through the passivation layer, the via being at least 10

micrometers smaller than the opening of first insulation layer.

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

conductive pad prior to forming the passivation layer.

20. The method of claim 14, wherein a portion of the second
conductive layer is formed inside or outside the first

insulating layer.

21. A semiconductor device, comprising:

a semiconductor die;

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

a repassivation layer formed over the first conductive
layer and semiconductor diej;

a via formed through the repassivation layer extending to
the first conductive layer;

an encapsulant deposited over the semiconductor die;

a first insulating layer formed over the repassivation
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layer and encapsulant;

a second conductive layer formed over the repassivation

layer and first conductive layer; and

a third insulating layer formed over the second conductive

layer and first insulating layer.

22. The semiconductor device of claim

interconnect structure formed over the

23. The semiconductor device of claim
opening formed in the first insulating
formed within the opening of the first

the repassivation layer, the via being

21, further including an

second conductive layer.

21, further including an
layer, the via being
insulation layer through

at least 10 micrometers

smaller than the opening of first insulation layer.

24, The semiconductor device of claim

21, wherein the second

conductive layer has at least 12 micrometer per side alignment

tolerance with the via in the repassivation layer.

25. The semiconductor device of claim
third conductive layer formed over the

and first conductive layer.

—-28—

21, further including a

first insulating layer



