SEMICONDUCTOR DEVICE AND METHOD OF FORMING FO-WLCSP HAVING CONDUCTIVE
LAYERS AND CONDUCTIVE VIAS SEPARATED BY POLYMER LAYERS Field of the Invention
The present invention relates in general to semiconductor devices and, more particularly, to a
semiconductor device and method of forming fan-out wafer level chip scale package (Fo-WLCSP) having
conductive layers and conductive vias seaarated b &%ﬁner layers. Background of the Invention
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Semiconductor detiEMs SRBTNABhIPT n |c]'p9 > SOnIEBhRSEctor devices vary
in the number and den&@vc}fl‘gl"e&ﬂ %%éﬁ%§c%¥@ sEMRUIGEENGE detitds generally contain
one type of electrical component, es&Pﬁﬁﬁt &Rit% Bﬁﬁgbﬁgwgﬁ;signm transistor, resistor,

capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain_hqp req:s #?hmillions of electrical components. Examples of
r

integrated semiconductor devices inclid& micr3to c‘?lleIrg,v rﬁ%%ﬁr%cessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs).
The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming fan-out wafer level chip scale

package (Fo-WLCSP) having conductive layers and conductive vias

separated by polymer layers.
Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and

creating visual projections for television displays.



Semiconductor devices perform a wide range of functions such as signal processing, high-speed
calculations, transmitting and receiving electromagnetic signals, controlling electronic devices,
transforming sunlight to electricity, and creating visual projections for television displays. Semiconductor
devices are found in the fields of entertainment, communications, power conversion, networks,
computers, and consumer products. Semiconductor devices are also found in military applications,

aviation, AGIORE fidUstia CoREEIEECand Bffite dyipment e 1ds oiS&iRERAGCBIFEETices exploit

the electricalproperties 6hsemiconsuctos matedalsn The atemicsiuctureRftsemiconguctor material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through th8PTEEESs SFHUPINY: Dopin§ Thtrodiides ipufifids Mt e SeicdRdGEP thatBrial to

manipulate and gontrabibe icaneuctivity ofthe sesticonductaradevies. industA-samiconductor device
contains active anq[ assive electrical structures. Active structures, including bipolar and field effect
transistor%?%ﬁt?&l gﬁ?lbv\ﬁ&‘delg F?&glecﬁ%ﬁtpw{}grying levels of doping and application of an electric
field or base current, theetransiston either prowiates oe xedtridts the dowlefeledttieal current. Passive
structures,rigclggjcngergsisprgé%al%%citglrls taglg ilqglﬁctgris cggateﬁl%elaatjcoongpiéo g%twllegtrlu\éoltagg and
current ngcegsary 0 peﬁorm a varle?y oF electrica Funcﬁons. The passive and active structures are
electricalbecommected-tocformadireuits, whith @nabletthecsemiconductocdevice ta petferm dighespeed
calculationgnaindugthgégggfuI fc%é:tignslica io%erg' ogguctfégg}:/ifgsgr%g ngq:allgarg%nufactgred using
two comﬁ?ex n?anu?‘acturmé] processgg, I.e., front-end manufacturing, and back-end manufacturing, each
involving potertiatly tiuntdreds o steps: Frontend neehudacturing invohesthe fotrmatiorcefsa plurality of die

on the surface,of a,semicopductor water; Eagh dig istypically dentical and Goptains cirgyjis formed by
electrically connecting active and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach 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 mayEPECHiEvéP By hprovemertts e frortaBHY protBss PEsUMTHEIh (e with Saffer Righer
density active and passive companents Backientprogesses may rgsulk iysergiconduetos device
packages with a smaller footprint by improvements in electrical interconnection and packaging materials.
FIG. 1 sHoWa'a 26nvertidnal packaydsi-phcRage PO RENFIESP 10°RitR séficonductor die 12
stacked over semiconduetorgdie 14camdsenclesediby encapsiamta, A buidd-up intereannegtstructure 18
is formed over the stacked semiconductor die 12-14 and encapsulant 16. Semi,coglsr[i ctor die 12 and 14
are electfiCiRy Onne e B IRETESHNECt Ltrittire 18 With Bond wires 20 dnd 225 gﬁﬁiconductor die 24 is
encloseddynencapsutasy 260 Adayildrupy intércohaectstntictiune28-is forned ouwer semiconductod die 24
and enca sgléemé 1?0? gemrilgcolnduct dig:51 é.isC elerg:tricsalgglc:?nge%tgg .togntgrcotnnecggtrucggge 28 with bond
wires 30. The bui -ﬁp}r?terco%hec Stricture fé)ls’electricaﬁy connected &Buﬁd{up infterconnect structure
28 using hamgpse32 formedrarbund mrperimeten ot semicanelsiCtox lolie 24 andsencapsulanth 26. The
interconnect capability of FO-WLCSP 10 is limited by the height requirement.of encapsulant 26 formed
around SE TG Eior die SR TSt e s 55 Ak L5 Tof A stk DS A0St (B gap
between bufid-Updnterearthact strasteires $8 &hdr28. Thedgap isidictatatbby the héighhefrencapsulant 26.
Accordingly,,{he eigat alencapguiant 26 gestoisdhe ump aragagmentoplions. bump pilch, bump size,
and input/output ﬁ/O) count. Summary of the Invention A need exists to provide a FO-WLCSP
without usigtericapsuar arsurdhieseniedidirctordieas eeduce bumppichland BunpiZze)tas well as
increase pump.arrangementoptpnsand /Q count. Accordingly.. i ene embogiment, the,present
invention is a method of making a WLCSP comprising the steps of providing a first polymer layer
including®plaFdlity 8f contact pads formed within the first polymer layer, attaching the first polymer layer

to a carrier, mounting g semicongdugtes die tothedirst polymey layer forming.a seeepd palymer layer over
the semiconductor die and first polymer layer, forming a plurality of first conductive vias through the first

and second Pokmer Layers tand forhfing adirsiortitRtive layeR oY 8FtheVsecondhoRtERYEE The first

conductive layeunisglectdgallycennested ta-thedirsteandugtive yias andisepiconduetos gies dhe first
conductive vias are electrically connected to the contact pads. The method further includes the steps of

forming &thirdPolfier fyer oberthesecdhd poimétagérand fifst conduGivetafere fdrming a plurality

of second gandugiiveias through thesthirdoalymer leyes fermimg=secondseenductive layer over the
third polymer layer, and forming a first interconnect structure over the third polymer layer and second

conductive RYEF, THe'decona esnduttive dias HrE BretticAlly cOMMBEIEH the fifst'ddndtieive layer. The

second conduetived and 22. Semiconductor die 24 is enclosed by

encapsulant 26. A build-up interconnect structure 28 is formed
over semiconductor die 24 and encapsulant 26. Semiconductor die
24 is electrically connected to interconnect structure 28 with
bond wires 30. The build-up interconnect structure 18 is
electrically connected to build-up interconnect structure 28
using bumps 32 formed around a perimeter of semiconductor die 24
and encapsulant 26.

The interconnect capability of Fo-WLCSP 10 is limited
by the height requirement of encapsulant 26 formed around

semiconductor die 24. That is, bumps 32 must be formed with



layer is electrically connected to the second conductive vias. In another embodiment, the present
invention is a method of making a WLCSP comprising the steps of providing a first polymer layer
including a plurality of contact pads formed within the first polymer layer, attaching the first polymer layer
to a carrier, forming a plurality of first conductive vias through the first polymer layer, and forming a first
conductive layer over the first polymer layer. The first conductive vias are electrically connected to the

contact padS§ FHhe fifdt comdbetive 1858ris ElsctreallyEdnteetedib'the Tirst coNdeetiv@ VSt The method

further ingludes the stepsofdauning a segandpalymer layet averthesfirstrolymesayesmounting a
semiconductor die to the second polymer layer, formingﬁa third polgmer layer over the semiconductor die

and second BBl HerAyef Formig Fparalfy 8t sédtnd Eorbiictive vRRRIRRSUGHRE eond and third
polymer layers; and Jorrniagrsusecanc-congictive layet ovesthedhing pelymer, layend heisecpond
conductive vias are electrically connected to the first conductive layer. The second conductive layer is
electricalfy SonHeRtE %%E@%écgﬁg% ndG&ie vias and semiconductor die. The method further includes
the steps of forming a fourth polymer layer over the third polymer layer and second conductive Layer,
forming a plurality of third conductiveélias Q;ou%r%tll E)U{@\;Jeqjl)émgr layer, forming a third conductive
layer over the fourth polymer layer, ana%nrmi%g A firSt nterconnect structure over the fourth polymer layer
and third conductive layer. The third conductive vias are electrically connected to the second conductive

layer. The third condu%ivgel%re@( lelsetcgrictally conne teed atoEth(g @Egsﬁo%% c:t'%igg é’i%ss'in In another
embodiment, the present invention Is a method of ma ing a WL comprising the stepgs of providing a
semiconducterdie L fortnirrg a first pohameekayeparbuntdthe emitonductoradie Mformingia plurality of first

conductivg,yag trough fhe fitst polymer layer, forming afifstintereonnedt structe oygtalirst surface of

the first polymer layer electrically connected to the first conductive vias, and forming a second
interconnecPstegetife ovéres secotisutfacenofthe fiestyohimen fayek bppesitesthietfirst surface. The

second intergannect structure js lectrically connected to thedirst conductive viag. ot cpsin,another

embodiment, the present invention is a WLCSP comprising a semiconductor die and first polymer layer
formed aR3idLthesemicéndiictoPdieYarRI secondpolyrer s & pRikaity bi fitst @bnaaéthafias is

formed thygugh the fitst pelymerlayers. Afirstintereonnact syyeture is-foxmgd,ayer adirstisurface of the
first polymer layer electrically connected to the first conductive vias. A second interconnect structure is
formed obEry8BEoAd Efffade oftheFirstSalymier Biyet BPposife thecatsrfade. THe detohble

interconnect skugiye isaleatrically canneeteditothedirsheonshictive vias, Beief Beseription of the

Dﬁmmng%emiconductor die and first polymer layer, forming a plurality
of first conductive vias through the first and second polymer
layers, and forming a first conductive layer over the second
polymer layer. The first conductive layer is electrically
connected to the first conductive wvias and semiconductor die.
The first conductive vias are electrically connected to the
contact pads. The method further includes the steps of forming
a third polymer layer over the second polymer layer and first
conductive layer, forming a plurality of second conductive vias
through the third polymer layer, forming a second conductive
layer over the third polymer layer, and forming a first
interconnect structure over the third polymer layer and second

conductive layer. The second conductive vias are electrically

connected to the first conductive layer. The second conductive



FIG. 1 illustrates a conventional PoP Fo-WLCSP with the semiconductor die enclosed by encapsulant;
FIG. 2 illustrates a PCB with different types of packages mounted to its surface; FIGs. 3a-3c
illustrate further detail of the representative semiconductor packages mounted to the PCB; FIGs.
4a-4c illustrate a semiconductor wafer containing a plurality of semiconductor die; FIGs. 5a-5m illustrate a

process of forming a Fo-WLCSP with conductive layers and conductive vias segarated by polymer
Layers; layer 1Is electrically connected to the second conductive vias.

In another embodiment, the present invention is a
method of making a WLCSP comprising the steps of providing a
first polymer layer including a plurality of contact pads formed
within the first polymer layer, attaching the first polymer
layer to a carrier, forming a plurality of first conductive vias
through the first polymer layer, and forming a first conductive
layer over the first polymer layer. The first conductive vias
are electrically connected to the contact pads. The first
conductive layer is electrically connected to the first
conductive vias. The method further includes the steps of
forming a second polymer layer over the first polymer layer,
mounting a semiconductor die to the second polymer layer,
forming a third polymer layer over the semiconductor die and
second polymer layer, forming a plurality of second conductive
vias through the second and third polymer layers, and forming a
second conductive layer over the third polymer layer. The
second conductive vias are electrically connected to the first
conductive layer. The second conductive layer is electrically
connected to the second conductive vias and semiconductor die.
The method further includes the steps of forming a fourth
polymer layer over the third polymer layer and second conductive
layer, forming a plurality of third conductive vias through the
fourth polymer layer, forming a third conductive layer over the
fourth polymer layer, and forming a first interconnect structure
over the fourth polymer layer and third conductive layer. The
third conductive vias are electrically connected to the second
conductive layer. The third conductive layer is electrically
connected to the third conductive vias.

In another embodiment, the present invention is a

method of making a WLCSP comprising the steps of providing a



FIGs. 6a-6b illustrate the Fo-WLCSP with conductive layers and conductive vias separated by polymer
layers; FIG. 7 illustrates a PoP arrangement of stacked FOWLCSP with conductive layers and
conductive vias separated by polymer layers; FIGs. 8a-8r illustrate another process of forming a
Fo-WLCSP with conductive layers and conductive vias separated by polymer layers; FIG. 9
illustrates the Fo-WLCSP with conductive layers and conductive vias separated by O{ootlyémer layers;

FIGs. 1039BbGfistHE AP P Fo-WRESE forthed ihHecordaftewitit EfE. Xy’ € FIGs. lla-lib
illustrate adRoR ERMVECSP formeddpagcardance withs EhGs;: Garbly.iDetailed Resetptien of the Drawings

through the first polymer layer, forming a first interconnect
structure over a first surface of the first polymer layer
electrically connected to the first conductive vias, and forming
a second interconnect structure over a second surface of the
first polymer layer opposite the first surface. The second
interconnect structure is electrically connected to the first
conductive vias.

In another embodiment, the present invention is a
WLCSP comprising a semiconductor die and first polymer layer
formed around the semiconductor die and second polymer layer. A
plurality of first conductive vias is formed through the first
polymer layers. A first interconnect structure is formed over a
first surface of the first polymer layer electrically connected
to the first conductive vias. A second interconnect structure
is formed over a second surface of the first polymer layer
opposite the first surface. The second interconnect structure

is electrically connected to the first conductive vias.
Brief Description of the Drawings

FIG. 1 illustrates a conventional PoP Fo-WLCSP with
the semiconductor die enclosed by encapsulant;

FIG. 2 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 3a-3c illustrate further detail of the
representative semiconductor packages mounted to the PCB;

FIGs. 4a-4c illustrate a semiconductor wafer
containing a plurality of semiconductor die;

FIGs. 5a-5m illustrate a process of forming a Fo-WLCSP



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
equivalerits @ ﬁ%ﬁfﬂ%ﬁ%Whé?@%ﬁn@%@sc?@étﬁé%%ﬁvﬁram. separaigdniPdndittdr@évices are
generallyimanaufactured 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 semicondﬁSFWaﬁéar._égcﬁ Ui G fﬁgﬁ/a@%o%?a%%éﬁvév ahl passive eiectfical
componenis;avhich are electrically eennected dofoerm functionaleleetrieal circpiissActive electrical
components, such as transistgrs, d diodes, have the ability to control the flow of electrical current.
Passive electrical comg&ﬁénts, ﬁ%ugst Egﬁéec%to?sﬁﬁguc% s??gsﬁglt%?lst, an tFatr?s?gr er%?Ereate a
relationshipd&Etween Noltageland cutrehtpecessanytacperdforat electricad sireuipfunstiens. by Passive
and active com onefts are formed over the surface of the semiconductor wafer by a series of process
steps incﬁﬁ(i;TPﬁ]g 35pin8¥35§’dsition, photolithography, etching, and planarization. Doping introduces
impurities into the semitbhductox n¥ateriallmstechnigues sulch asdon dapkantetionoamthegmal diffusion.
The dopig magess modiies e electial sanductivity of semicendyslor materialin adtive deyices.
transforming the semiconductor material into an msu?ator, conductor, or dynamlcaelﬁ/ (]::hanglng e
semiconductormsateray eorductivity in response to an electric field or base current. Transistors contain
regions of varying types and degrees of doping arranged g5 neeessary to.enable the ransistay fo promote
or restrict the flow of electrical current upon the application of the electric field or base current.

Active anenshssVeSEsHpoRets afe ferRREcRby fyeys BPmatsriald withidifferent electrical properties. The
layers can be formed hya varigty .of gdeposition techpniques determinag; inpart-hy thetype of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor dep6Sifign EP¢D) "Eléétrdlytic platinghénd electroless plating processes. Each layer is generally

FIGs. 1lla-11lb illustrate a PoP Fo-WLCSP formed in

accordance with FIGs. 6a-6b.

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



patterned to form portions of active components, passive components, or electrical connections between
components. The layers can be patterned using photolithography, which involves the deposition
of light sensitive material, e.g., 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

photoresiE el et Tea AT BERIRG a pattetied faifer TARShAVAN 186me ypes’6Fmatitials are

patterned: by directiy,degositing thesmateyial intg the areaser wids formesltbysa previous deposition/etch
process using techniques such as electroless and electrolytic plating. Depositing a thin film of

material SV8F P EXISfig pattérhdan exayyeraeth8 undeRyifg [atter? Aha Créatd Hndi-uAitSrmly flat
surface. Aamiforralydlat surfaeea is resirefda psoduce simabercand more deasely packed active and

passive components. Plagarizatllcl):n an be used to remove material tfr,om thelsurface of the wafer and
produce & Unitartiy it SUHREE ‘PIahaiFatiortinvaIves Polishing 1ie diifale 6f the \Wafer with a polishing
pad. An abrapivedanateriakarnd carrosive chenlicat areadded solthe strface aftheavdfed dyring polishing.

The combined mechanical action of the abrasive and,corrosive aglion of the chemical removes any
irregular ?opograp y, resulfing in"a uni ormly]ﬂ%?surcface. ack-end manu acjturlng refers to
cutting orcsingalating the finished wafemiatol therindividudh diecarsd thenspackaging thedie for structural

support and.envionmental isolation. To singuiare ths die. 1 watey is seored and broken alo

non-functional regions of the' wa er called saw streets of scribes. The waferis smguléjtléa using a laser
cutting tootoesaw hfader After Singulation: the individual die are motinietho.a package substrate that

Includes pins or contag pads far %%{cgg@qq}gmc\gm gﬂgefg@gstggé cempongnts,, Contact pads formed

over the semiconductor die are then connected to contact pads within the package. The electrical
connectishs-¢arrbe aade with Solder biingds; stutkbempbyconditive paste, Y Wiebonds SRe

encapsulaqt ot ether maldind smateriabis fleposited uer heackegeilg pravide physical support and

electrical isolation. The finished package is then Inserted into an electrical system and the functionality of
the semiCormREICrdEviceis mAg® avdilabié Fo theccther Bpster-éafipaméristhe

semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing 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 technigques 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. FEach layer is generally



FIG. 2 lllustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The

different types of semiconductor packages are shown in FIG. 2 for purposes of illustration.

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one

or more él@éthigarfanciidhs. Aiferisivel? efetonftCdevice 88 HAY BB Esultdhigotfent of a larger
system. kenexameple selestroricdevice-t0 mayrhe-pad o a aellulas phopempersenaldigital assistant
(PDA), digital video camera {DVC), or other electronic communication device. Alternatively, electronic
device 50 can be a graphics carar fetidtk iteRatd GaRS Or Bt Sighdl prdcessityg éatdthat can be
Inserted inta arcomprier-dhetsemicepducton packageldamnchigdesmicroproeessars amemories,
applicatior]éspecific integrated circq{i\fs (ASIC), logic circuits, analoﬁg circuits, RF circuits, discrete devices,

or other B8MicOndtitior di€ dF electifcat 28Mmpohents THE minfat(itization &t the Weigfit reduction are
essentialtfonthesepredudts smbe aeiceptaazhykthecmarket phiee: distanicetbetweery semjananductor devices

must be decreased to achiev %}i her density. . In FIG. 2, PCB 52 prqvides, a general substrate for
Siructural AT aid Bleeh i S AL The RGO Ria ot Feeheod S o ine PCB.
Conductivesignatitrace$§4 are farmed-over-asuriace powithionrayers of IRCBiB2eausing evaporation,
electrolyt'ic platin%, eI%ctroI $ Qlating, SCregn printinghodr otherfs%iflable meCtaI desp.os{tion process. Signal
traces 54 Sr\{)%i:de for eﬁac}tjr%ca% cgr%emljnicatiﬁoen etween each of the eseﬁﬁgonodruectolrspacjkglges, mounted
components)@anedothéeexternal lsybtend cenpanhentsh Fracesys4 alsoproeide powetr @nd grouad

connections o each of the semiconductor packages. 1, 4 In:Some smbodiments, @semiconductor

device has two packaging levels. First level packaging is a technique for mechanically and electrically
attachingthessensi¢oriductortdie te apdntepinediate eafriarmSdcdnd kever packaging involves mechanically

and electical.attading the,niermecliate cayties ione,ACA.Ip ofhiet embodients.a sewicanductor

device may only have the first level packaging where the die is mechanically and electrically mounted
directly t¢tePEBLYt1C PRk #i¥purpose of illustration, several types of first level packaging, including

wire bond package 56 goddlin ehipp8, are showngn BEBRZ Additionally-severaltypes Qf second level
packaging, including ball grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64,

land grid 2aySEGA) BB, PRAFLAIFRJEIE(MENG 68Y 40dd Flat AéhTeadst paddle (OFN)70, and quad
flat package; £2.-are,sheyirmoypted-an PGB 52.1Pepending upendhe system requirements, any

combination of semiconductor packages, configured with any combination of .
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental

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

along non-functional regions of the wafer called saw streets or



first and second level packaging styles, as well as other electronic components, can be connected to PCB
52. In some embodiments, electronic device 50 includes a single attached semiconductor package, while
other embodiments call for multiple interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate pre-made components into electronic
devices and systems. Because the semiconductor packages include sophisticated functionality, electronic

devices G franufddtGretfdsing cRedp&tLbIAPGTRMS aRE fstréatfifinédmahlifactiiily Process. The
resulting glevices ade lessiikebrtodai gnddespexpeansive teamandfagiure resulting ibadewer east for
consumers. FIGs, 3a-3c show exemplary semiconductor packages. FIG. 3a illustrates further
detail of BIF 84 RGN EY B3R PEB B2 SEmitOfdutds S diR 74indfude’ A &dtivRFegiohContaining analog
or digital Citreuits-implemented as aptive: devices; fassivedevices, eenductivedayerspand dielectric layers
formed w%hin th(g die and e{are electr,icaltlallgé'nterconn cted accordinr? to the electrical desi%g of the die. For

example, the"&ieuit Widy ineftddShe SF more tranSistors " dodes Indctsrs: taPaditors Festrs, and
other cirquitcelementsiformed withitk theeactivehregioneaftseimiconductoe diei #h Cantactpadsadeare one

or more Iax%rs osf c?gggctki)ve materiaclu%lqg as aluminumu(Acll,v%op egé%u), tin @m,e%ig%eo{ Ni), gold (Au),

or silver (ﬁg , and are elecﬁf?:%ﬁy’/ connected 16 tHe (C:Zi(r)cnucllt elements formed within semiconductor die 74

During agsembly of BIP £ semicordectoraiel V4gs maouented to ais intepmediatelcarvier 78husing a

gold-silicon ekjtecticg%yer or adgesivlcle materifll guch as %hermcgl epaxy or epoXxy. resin. The package body
includes An sulative pfc %\éf‘ngem%t@/nsaji such alslpp%?)}:mera or ceramic, ( ocn(;iuc%groleg s 80 and wire

bonds_Sﬂﬂy@viﬁb@eWiQahﬂ@méa b*ehﬁ@erisemidm@ud;tm@i@M@h@m@Bcsﬁ Emapsmant 84 is
deposited gyet the package Jor.eny _”H}e_”éﬁ'epfQ&?&'@&P&’u@g&”%&@@éﬂE? 4 particles from

entering the package and contaminating die 74 or wire bonds 82. FIG. 3b lllustrates further detail
of BCC 62'addntedicon-PCB52. Sdrnicopdatondieos® mmotiAted over carrier 90 using an underfill or

epoxy-resin adhesive materia} 92, Wire; honds.94 provide first leyel packaging, Inferconpect hetween

contact pads 96 and 98. Molding compound or encapsulant 100 is deposited over semiconductor die 88
and wire BBA8S 94 16 Previde physicaPsuipportand ee¢iricaPsorationfoP thebdeviéé "Céntact pads 102

are formed qvena syrface oERCBRA1HsiNga suitable metal depasition proecess; syeh, as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102 are electrically connected to one or more
conductive Sigharraces4 PCBB N BUMPY 2022 forfePbetiBh UMEG Tt sTE-6FBEC 62 and

contact pads@2:afPEBSZoes of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 2 for purposes of illustration.

Electronic device 50 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 part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,

analog circuits, RF circuits, discrete devices, or other
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In FIG. 3c, 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.
SemicondGétor 8iesE is8letttigaf afid fiechhnfchlly CBRABERE Y0 cafidt 106 thidugh- Birhps10.

BGA 60 is.eleatreally-anshmechanisally, gonrnected te REE:52 nith a B&A style-secand leyelpackaging
using bumps 112. Semiconductor die 58 is electrically connected to conductjve signal traces 54 in PCB
52 througH GGMp§ 1 18Y sighal fies i, anthBuiips elliﬁ.cﬁ MIGTHY Corn BT ngﬁgéjd%ulant 116 is
depositedieversemiconduetor die-28 and Latrieraldo toveromigHehysitah supgart and electrical isolation
for the device. The flip chip semic nductorg vice prqvjdes a short ele trica&conductio ath from the
active devices on semitBnédctor die 58 to %éjlj%ﬁgﬁ#a%kg o%elgééas?z inorasF faotreed%é)@ signal
propagationrdistance | lowescapacitantes and imprayve dveralt cisewit perforance. In another
embodiment, the semiconductor, die 58 can be mechanically electrically connected directly to PCB 52
i fip ST SOATSE o A may RO et e boer J08 A s
semiconduciaorwafet 120avifframade substratesmateriat 122, sudthas siliegrrgermanidf, gallium
arsenide, indium phasphide,.or silicon carbide, for structural Support. lurality of semiconductor die or
CompOnehiS 194 o ToTed SreAAlcs o0 ebolatod By St oot L0 B8 Hesciboi Ao FIG.
4b shows aceess-sectivhahviewcsf portionof seatidenducterlwafer 120t Each semicoreluctor die 124

has an a%tivfn%%f@ajc%osC%’Ei‘j@%%@o@oof digital cirguitsimplgmented as agtive deviegs, passive

devices, conductive Layers, and dielectric layers formed within the die and electrically interconnected
according & theodlettricargesigr and dhratiarrefthe efie. ForexXanthleaheTirenit maytinélude one or

more transistors, digdes, and ofher cirouit.elements formed within agtive swfage 130,to implement analog

circuits or digital circuits, such as digital signal processor (DSP), ASIC, memory, or other signal
processirg!eir iR SeiconMAtor @ sl 24omay Aisa>éorithmn IPEY%s S0BR astirdudterst @dpacitors, and

resistors, for RF signalpyogessing.|p anermbadiment semiconductor dig-124.is & flipchipfype
semiconductor die. An electrically conductive layer 132 is formed over active surface 130 using

PVD, CVER eftdrodic fidtiig eledtrdiess piatifig proces’dorathe? saitatsie etarepédition process.
Conductiye layer 1321can he ane oL maredayers of Al-Cui 810, Nin&us &gi 0hather syitableclegirically

conductive material. Conductive layer 132 operates as contact pads electrically connected to the circuits

on activeurfekEtTdiate fRERG S4c, senmconductormarer 12638 irguldta thiotigh saw street 126
using a spwdplade o lasgr guttingiteek 136G inta individualsemicenductatdiemk2fi ate carrier

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

For the purpose of illustration, several types of
first level packaging, including 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
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FIGs. 5a-5m illustrate, in relation to FIGs. 2 and 3a-3c, a process of forming a Fo-WLCSP with conductive
layers and conductive vias separated by polymer layers. In FIG. 5a, a substrate or carrier 140 contains
temporary or sacrificial base material such as silicon, polymer, beryllium oxide, or other suitable low-cost,
rigid material for structural support. In one embodiment, carrier 140 is a tape. A polymer layer 142
is formed over carrier 140. Polymer layer 142 can be an oxide, nitride, or glass material. An electrically
conductivelayer 224 iSformed withif poRmerAdy&i9145 UdiRg a patteifihy & Mt eposition process

such as RYB¢ EVE) spulieripgreiaetsqlytic plaing cand electiglass plating Londugtive kayer 144 can be
one or more Ia%ers of Al, Cu, Sn, Ni, Au, Aﬁjsg or other sujtable electrically conductive material. A

temporary Bartier 5 Substrate 146 Cortaink sacrficral bass hideRarsueh E §ilicor: pofyier, polymer
compositecfetalnceranie, glasskglass epaxys betpkium axide] dhether stitableflow-easttrigidanaterial
for structural support. An interface layer or double-sided tape 148 is formed over carrier%46 as a
temporary AdheSiVR ohdiTy FIRTSF é/f%ﬁ-' stop 1ay@PP 1Y QNS & B e With Poryiie Tayer 142
and contactpadsclds, carrier 14Hnig mounted ta interface tayes dd8aves catrier ld6o pona embodiment,
polymer Ia¥gr_ 1%4%“3 laminated t(t) Interfgge yer 148. Conductive Iayeg1 (]:14% ogﬁrates as an array of

I
contact p%ds formed around a Berslm%?er of die %ﬁg@ﬁl area fXd.Cﬁcﬁyr%er Iafér 72%nd contact pads 144

constitut@ananteecarimectstrictareluctor paEtGgSe, carrénd40 sorEmoeved-fiomdolymer layer 142 by
[:‘)e‘:ha”'%é}!r?@?% In the, direction,of arrow 130, Ralymet Jayer 132 and.contact pads, 144 remain affixed

cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 3a-3c show exemplary semiconductor packages.
FIG. 3a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit 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 polymer or ceramic. Conductor leads

80 and wire bonds 82 provide electrical interconnect between
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Interface layer 148 and carrier 146. Alternatively, carrier 140 can be removed by chemical etching, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose polymer layer 142.
In FIG. 5d, semiconductor die 124 from FIG. 4a-4c are mounted to polymer layer 142 with active surface
130 oriented away from the polymer layer using a pick and place operation. Semiconductor die 124 is
positioned over die attach area 149 within the arraa%/ of contact pads 144. In FIG. 5e, a polymer

d

layer 1545RM3fREd BG&rSerficdnddcdrdiet?s and polyiianayerti2. Foljmef BYRF 158¢an be an
oxide, nitgderor-glasy matardal. Aqortier of palyeier dayes ASdcan be rempoyved by anietghing process to
expose contact pads 132 for subsequent electrical Interconnect. In FIG. 5f, a plurality of vias 156
is formedAFSUGH Folghier Pafer 154Shd 147" ekiehamy dovili fo B6ftatEFads' $44 using mechanical
drilling, lasef €lsitinga 0h deepl ieactive den eichingdXREE)sM.FIG. 59, vias 156 are filled with Al, Cu, Sn,
Ni, Au, Ag, Ti, tungsten %W), ly-silicon, or other suitahle electrically conductive material using
electrolytic plating, elefttdles Iaﬁlll'lglb%ggsts?%r %ﬁfe? Tita I%trﬁéél agpgglﬁoé rSE883%6 Yorm
z-directionrcandrictive pillarsnarcviasdS58oConduactde vias 1568 rare €lectricallyzconheetegito contact pads

144. . FIG. 5h shgtwsp. f view of conductive vias %58 formed tchrou quymerv\l}a%er 154 around a
C 2

perimetePSl‘l semiconductor die 124’ fak%%oaﬁc\fﬁé: fife %h-a'% nF1G. 5&? SELSS A électriéaﬁy conductive

layer or redisttibuliéndayeri(®D L) 166ts Tervredd pererkpalymer layee i 54ranelgorokeictieewias 158 using a
patterning and metal osjtion pr S s%h printing, PVD, CVD, sputterin lelectr9 ic plating, and
electroles%soglgﬁﬁg. 8§§§u§t§/eala%:ﬁ§6'o canog?lo% o%g%ngr%ﬁgflir%rofe&?éﬁ? n?RlE Aul?@\gl, ‘or other
suitable elestriealhecorrdisetive emdteriall @riecpordion of eoaddctiveray&roleliseectricalfyosomvected to

contact padls 132 and.gondyctive yips 158, Qther, portions of conductive Iayer,160 gan be electrically
common or electrically Isolated depending on the design and function of semiconductor die 124.
Contact pads 102 are formed over a surface of PCB 52 using a

suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 3¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a 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 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive

signal traces 54 in PCB 52 through bumps 110, signal lines 114,
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In FIG. Si, a polymer layer 162 is formed over polymer layer 154 and conductive layer 160. Polymer layer
162 can be an oxide, nitride, or glass material. A plurality of vias 164 is formed through polymer layer 162
extending down to conductive layer 160 using mechanical drilling, laser drilling, or DRIE, as shown in FIG.
5]. In FIG. 5k, vias 164 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other suitable
electrically conductive material usir(g.r%lectrolytic plating, electroless plating process, or other suitable

metal depOshicBrtess 1o forfn ZuheetiGn CORBGLRE pifarsHr ¥ 166! ‘Cdnlductive vias 166 are

electricallygornneeted tocandustive layer 460-An eleatdcallycongduetive layes or RD1- 168 issformed over
polymer layer 162 and conductive vias 166 using a patterning and metal deposition process such as

printing, PUDS €370, SPURRRTRG, 8R2trSIGE blating! and dfettrotdssTmating - Cofductive layet68 can be
one or mernei layersiof Alefole S NG tAW, Agworashersuitoditeselectrically cenduativegnaterial. One portion
of conductive layer, 168 is electricall C?E:mected to conductive vias 166. Other portions of cogéiuctive layer
168 can 5 Bieticaly ddmirion or Blecticall§ iddigted depenting ot the G8SIgH anduRation’ 6f
semiconductaiodied@di on tradtkxElGr5SE@En 6ptional underrbumprmetatizator(dBM) 177 is formed

over conductive la erolr168 f\s %olggr resisgvlqaeyerclgo is fcgrarlrglec% over %olxmer Iaygr %9&(51 ductive layer
168, and'UBM 77 A por(fllon ot solder TESISt | Iayerp I70is remo’vednby an %fc%lng process to expose
conductivel tayer 168 er UBMA7Zdor bumpaormation emadditioraltpackhge sateicomneéct: Adternatively, an

insulating,or_passivation layer i 1{ormedg er pol mer layer 1621<ionductivel yer 168, an {BM 177
using Pv%l%\%gs pcr?nr}[inn%%s%lﬁgco%%ﬁﬁ?spréyac%égtiﬁg,e s%lﬁﬁa}l%a ortherma eoa%l(?zéiocr?l]?ﬁg%ngulating layer
contains bnefE¥ndre lapersof Silicpndioxide (5i02), Silicoh nittide (Si3NAa silican exyitride (SiON),

tantalum ngg%%%gldagg%a@g@g}ur@ @xide (Al203), or other material having similar insulating and

structural properties. Polymer layer 162, conductive vias 166, conductive layer 168, UBM 177, and
photoresist layer 170 cohstitufean wteéfconneenstagotdriector wafer 120 with a base

substrate material 122, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 124 is
formed on wafer 120 separated by saw streets 126 as described
above.

FIG. 4b 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
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. In one embodiment,

semiconductor die 124 is a flipchip type semiconductor die.
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In FIG. 5m, semiconductor die 124 are singulated into individual Fo-WLCSP 172 using saw blade or laser
cutting tool 174. FIG. 6a shows a cross-sectional view of Fo-WLCSP 172 after singulation. The temporary
carrier 146 and interface layer 148 are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose contact pads 144.
An electrically conductive bump material is deposited over UBM 177 using an evaporation, electrolytic
plating, electroless plaftfy, Daiicdrbp Car-scteEA Printihg ProcediSFhe btimp miatéra Caf e Al, Sn, Ni, Au,
Ag, Pb, Biceuysolder; and.combinatiansstheveof, with ancaptionabflyx selufionciergxample, the bump
material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to
UBM 1770SifG astitibld atacHile st Botting’ process finBhe-embodifierit; tHeShitip niterial is
reflowed py heating the sratedal iabhovedisgnelting paint todown spberieal balls oy bumpstl 76, Jn some
applications, bumps 176 are reflowed a second time to improve electrical contact to UBM 177. The
bumps cart also e Edrhpressiditbordedto g,\,ﬁ»fﬁaﬂ%pg 76 represent ofe {pE-Srikterconnect
structurernthatecarehe formeddover UWBM1BRAer 132 dp&EoaMbECSR 1¢2nsemicopddetor die 124 is
electricallé/ cor;cnectedltIprou h con uciﬁivg Iayﬁlrs 160 and.JE68 and ggg(%uctive vi%s 158 166 to bumps

176 and C(%netcazlcff 6accfls A4 for'external electrical interconnect. The arrayvo% csélrllfac?%%ds 44 and bumps

176 are formed aroundLa pefithetdroof semmiconductotde 1241 &1G160 shewsantpplviéwddf Fo-WLCSP
172 with the array of contact pads 44. Fo-WLCSP 172 i lfor ed Witpout encapsulant or malding
compounE , ]ég%%scrslk%gd %EIE%BG. 1.]‘En;éte3§,lagiyr%e? ?a‘fi/e}?s ?L% f§4 aansdefGZCé%egfb?%egoa?ound
semiconduttoridied 24ndondyuctive |apers dG0armd 288 deonduetive vias 158 and 166, and contact pads

144 to provide electricalsqlatign and stryetural support; Polymer, layers, 142,154, apd 162 can be formed
with less height than the encapsulant found in the prior art. Accordingly, polymer layers 142,154, and 162

provide fléRiblé bampcarfangemémtaptions arddecBl Gemprpitéh, drerénséd VO touat asasell as reducing
thehe@h{&ﬁ&ﬁé@kgéﬂ%lg%'separated by polymer layers. In FIG. 5a, a

substrate or carrier 140 contains temporary or sacrificial base
material such as silicon, polymer, beryllium oxide, or other
suitable low-cost, rigid material for structural support. In
one embodiment, carrier 140 is a tape.

A polymer layer 142 is formed over carrier 140.
Polymer layer 142 can be an oxide, nitride, or glass material.
An electrically conductive layer 144 is formed within polymer
layer 142 using a patterning and metal deposition process such
as PVD, CVD, sputtering, electrolytic plating, and electroless
plating. Conductive layer 144 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material.

A temporary carrier or substrate 146 contains
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 double-sided tape 148 is formed

over carrier 146 as a temporary adhesive bonding film or etch-
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Fo-WLCSP 172 is suitable for package-on-package (PoP) applications, such as shown in FIG. 7, with
Fo-WLCSP 178 stacked over FO-WLCSP 172. Fo-WLCSP 178 is configured similar to FOWLCSP 172.
The electrical signals between Fo-WLCSP 172 and FOWLCSP 178 are routed through the array of bumps
176 formed around the perimeter of semiconductor die 124. Since no gold wire bonds are used for signal
transmission between the FOWLCSPs, the interconnect inductance and capacitance is reduced and
signal int8gfy i$ iMproved. Reflection noise and crosstalk can be reduced by matching the impedance
between semiconductor:dig 124 ane, canstugtiviey layers 160 apdsk68) gopduqtive \ias 168:apedk66, and
contact pads 144 formed in polymer layers 142, 154, and 162. FIGs. 8a-8r illustrate, in relation to
FIGs. 2 dit$a-3¢ “andtREF process B fornfitg 8 FoWL T SP With' Coridutave Tayer afd onductive vias
separated bypolymeniayersiin Hife. 8aaubsirate o catrerd80-centaing temporary Of saetficial base
material such, as silicon, palymer, bf%)%llium oxide, or other suitable Iﬂv-cost, rigid material for structural

€

support. frooné sfboditient-&&fri 0is BXBPECHTVE LA YolymeriayBris? fstofed bver carrier
180. Polymerdayerr182 can be areaxide omitricte, of glass matesial hatelectsicatly eonductivie layer 184 is

formed W&Pl{‘ap‘i' grer 'aﬁ’e{ 1&&“%%3%%93{%5”'%%3”" r?l%tac';ge ‘%%%O’ggrocgés such as PYD, CVD,
sputtering, electrolytic pla mé, and efetiroless plating. Conductive layer can be one or more layers of
Al, Cu, ShnNg Awg Ag; or otttersuitable.electrically conductive material. A temporary carrier or
substrate 186 containslsnackniiigial ﬁ%se material sugg@sisilicon g\glé/én%rr Bglymoelr compgsite metal,

. . d
ceramic, glass, glass epoxy, beryllium gﬁaé,lgrrot er suitable Iihow-cost, rigid material for structural

support. l_\ﬁélnﬁeivfame tayeriordbuptessided tape 188 iﬁﬁmm@i@mr@‘ér@am as & temporary adhesive
bonding W of etch-stop layey, .4 J0FIG. 8byleadingwith polymer layer, 182 and contact pads 184,

carrier 180 is’mounted'to Interface layer 188 over carrier 186. In one embodiment, polymer layer 182 is
laminated 16 itédace layer 188 ‘CGonductivelayar1 84i6peratds gy an akraglof contatt pads Lhiformly

disposed uer subsiantiaglysap entirg.surface areaaf ROYPeRlayREl82nical grinding,
thermal bake, UV light, laser scanning, or wet stripping to
expose polymer layer 142.

In FIG. 5d, semiconductor die 124 from FIG. 4a-4c are
mounted to polymer layer 142 with active surface 130 oriented
away from the polymer layer using a pick and place operation.
Semiconductor die 124 is positioned over die attach area 149
within the array of contact pads 144.

In FIG. 5e, a polymer layer 154 is formed over
semiconductor die 124 and polymer layer 142. Polymer layer 154
can be an oxide, nitride, or glass material. A portion of
polymer layer 154 can be removed by an etching process to expose
contact pads 132 for subsequent electrical interconnect.

In FIG. 5f, a plurality of wvias 156 is formed through
polymer layer 154 and 142 extending down to contact pads 144
using mechanical drilling, laser drilling, or deep reactive ion
etching (DRIE). In FIG. 5g, vias 156 are filled with Al, Cu,
Sn, Ni, Au, Ag, Ti, tungsten (W), poly-silicon, or other

suitable electrically conductive material using electrolytic
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In FIG. 8c, carrier 180 is removed from polymer layer 182 by mechanical peeling in the direction of arrow
190. Polymer layer 182 and contact pads 184 remain affixed to Interface layer 188 and carrier 186.
Alternatively, carrier 180 can be removed by chemical etching, CMP, mechanical grinding, thermal bake,
UV light, laser scanning, or wet stripping to expose polymer layer 182. FIG. 8d shows polymer
layer 182 after removal of carrier 182. A plurality of vias 196 is formed through polymer layer 182

extending 48Wh8 contsct pads aB2 dind MEehahicafdriting NaSet @ity IrPRIE, Beshbwn in FIG.
8e. In FIGe8fo vinsil96 arediled wWithh Ak G SN, dNirAdcAgnTic YWaRly-silisop.ianether suitable
electrically conductive material using electrolytic§lating, electroless plating process, or other suitable

metal depddifiort process 18 ForRt 2 Grelfior condudive piars oF Vi 198, CBHHcHEE vids 198 are

electricallyccormeeteshtoscamact pads 184. FIG. 8g shows a top view of conductive vias 198 formed over
contact pads 184 taken along_ljne 8g-8g of FIG. 8f. An electrically. conductive layer or RDL 200 js formed
over polymer layer 187 and cgﬁdlf%%/‘é%iﬁs 188 u¥ihg'a Bgtt(gr%ﬁhddlgﬁ& Hietd'dehosition ProLeSs such as
printing, PYDo GMD spujtesing | eleetrolytié ptatingnand etectriotesseplatirig. eariduntive dayer 200 can be
one or mqre layers of Al, Cu, Sn, Ni, Au, Ag, or gther suitable electrically conductive material. One portion
of conduc %V%a%gésr %56( %nelgtft?ifégllyl égﬁa’nﬁ: ed to égntikllﬁzg\'/e%v%s 198. Other portions of conductive layer
200 can be electricallyzommen or etectrically dsolatedidepenayrg on the désighanolfunction of

Saﬂmon%ﬁ%%&m?ﬁgﬁj 160 is formed over polymer layer 154 and conductive
vias 158 using a patterning and metal deposition process such as
printing, PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 160 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 160 is
electrically connected to contact pads 132 and conductive vias
158. Other portions of conductive layer 160 can be electrically
common or electrically isolated depending on the design and
function of semiconductor die 124.

In FIG. 5i, a polymer layer 162 is formed over polymer
layer 154 and conductive layer 160. Polymer layer 162 can be an
oxide, nitride, or glass material. A plurality of wvias 164 is
formed through polymer layer 162 extending down to conductive
layer 160 using mechanical drilling, laser drilling, or DRIE, as
shown in FIG. 5j. In FIG. 5k, vias 164 are filled with Al, Cu,
Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other suitable
electrically conductive material using electrolytic plating,
electroless plating process, or other suitable metal deposition
process to form z-direction conductive pillars or vias 166.
Conductive vias 166 are electrically connected to conductive
layer 160.

An electrically conductive layer or RDL 168 is formed
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In FIG. 8h, a polymer layer 202 is formed over polymer layer 182 and conductive layer 200. Polymer layer
202 can be an oxide, nitride, or glass material. Polymer layers 182 and 202, conductive vias 198, and
conductive layer 200 constitute an interconnect structure. In FIG. 81, semiconductor die 124 from
FIG. 4a-4c are mounted to polymer layer 202 with active surface 130 oriented away from the polymer
layer using a pick and place operation. In FIG. 8], a polymer layer 204 is formed over

semicond&dr g 128%nd-pelgmet Yyt 2025 PORIMTErIEGer 264 cant De'Eiroxldé, nitride, or glass
material. Anpertion 0f polymaerdayern 20 par be remoyed hyan etebingprosess to axposeseontact pads
132 of semiconductor die 124 for subsequent electrical Interconnect. In FIG. 8k, a plurality of vias

206 is fofmfed tHiBUgH PoiiTer 1Gy& 204 and 262 Rk tendivy down 16 toRbaaVeSiByEr-206 USing
mechanical gillingi laser dribing; eDRIR. Tae vias 206 arerfermed areundaperin@ier afisemiconductor
die 124. In,FIG. 81, vias 206 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other suitable
electrically condlicti?d matérid sy Sldetrdivtic of %%?]éfe%ﬂ']o?ééscpcf&tﬂ%bc rocesd oG Gther-suitable
metal depositigro process ¢a faromZ:direttien tegductivedillars @r &ias-208: 1Qgnductive vias2Adare

electrically connected to conductive layer 200. . FIG. shows a top view of condyctive vias 208
formed anSuitl S andador SeiT2a CHARAIBRG e Bin Bim g e T8 e dEHCaR
conductiveelayéeortredistiibyticrolayenROE 216 stfoimed byer polyaterdayerR0dcamdycomdudtive vias

208 using, a patternin apd metal de gsiti N progcess uch a .pririt'@g, PVD, CVD, sputtering, electrolytic
plating, a%%l%g&roalgsgs pI%?iﬁg.l8gn§uctlsv%r?a)?éjrnfiuocsctgﬁ bg?lo%e or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electritally €6nductiveamatepial. @re portidaofeonductivelayer 210 ielebisidally

connecteg-1o contagt pads 132.and.conduetiye vias,208. Qther pogtions of conductive layer, 210 can be
electrically common or electrically Isolated depending on the design and function of semiconductor die
124. 170 is formed over polymer layer 162, conductive layer 168, and

UBM 177. A portion of solder resist layer 170 is removed by an
etching process to expose conductive layer 168 or UBM 177 for
bump formation or additional package interconnect.
Alternatively, an insulating or passivation layer is formed over
polymer layer 162, conductive layer 168, and UBM 177 using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer contains one or more layers of
silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Taz205), aluminum oxide
(A1203), or other material having similar insulating and
structural properties. Polymer layer 162, conductive vias 166,
conductive layer 168, UBM 177, and photoresist layer 170
constitute an interconnect structure.

In FIG. 5m, semiconductor die 124 are singulated into
individual Fo-WLCSP 172 using saw blade or laser cutting tool
174. FIG. 6a shows a cross-sectional view of Fo-WLCSP 172 after
singulation. The temporary carrier 146 and interface layer 148
are removed by chemical etching, mechanical peel-off, CMP,

mechanical grinding, thermal bake, UV light, laser scanning, or
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In FIG. 8n, a polymer layer 212 is formed over polymer layer 204 and conductive layer 210. Polymer layer
212 can be an oxide, nitride, or glass material. A plurality of vias 214 is formed through polymer layer 212
extending down to conductive layer 210 using mechanical drilling, laser drilling, or DRIE, as shown in FIG.
80. In FIG. 8p, vias 214 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or other suitable

electrically conductive material using electrolytic plating, electroless plating process, or other suitable
metal dep&Siticir protest Yo FonT FRfMeRtiG eoAdictvellare dr vias 216. Conductive vias 216 are

electrically connected tocanouietive layer 218onduct iAB aeleetrically-conductive layer 65 RRIg218 is
formed over poI%mer layer 212 and conductive vias 216 using a patterning and metal deposition process

such as pHiffting B/D, CVB Sdp\itetingS BritoRtic Platirfy: anb'electiolésSprting 9conductive layer 218
can be ore et prose dayers DAL CY, $3,1Ni, AtoAg, orother suitakle electricalyreonsuetive maserial. One

portion of conductive layer 218 is electr'calrl% conhrllectegl to conduc?Dve vias 216. Othﬁhr portions Qf
conductive i¥yel'218 taR be“EBctrically comfton ar elettricafly isofated dep&Hding © dt%]é’de%ftjgn and
function efcsemicanducter dieck2db £, withn &Go8q,iamaptiaial Y BM 1228iisdormetever conductive

layer 218. Asolier resjst layer 220 is formed over polymer layer 212, conductive Jayer 218, and UBM
236, A pSHBIDE Solder featal Ry A0 5 oAy a1t SR pULLEE o Bhdbo Soituctve layer 218
or UBM 228ltoe bump-formation oeadditibnalkpackeige Ihtencomreent.rAltarnatvely naremsutatiaghor

passivation laye i3 fprined gver polymerayer, 242 condysiive lave 218.and UBN, 228 uising PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. he insu ating layer contains one or
more layersiofGlo2n Si3NASIDNT aZ05s Al203, of otlser Imatetiabliaving simidartinsulating and structural

propertieg, Palymer '%X%\?elziEB”%‘é‘iﬂé’?nVéa%%%%tCOJ@“fH%'?é’ﬁﬂ@%?cg?'\ﬂ;gﬁ’sa%qs photoresist layer

220 constitute an interconnect structure. ~ InFIG. 8r, semiconductor die 124 are singulated into
individuaPFRoww L E5P- 222 nsingreavablade o tasareutthignodl 224, RIG: 9rsHolwwsiaérass-sectional view

of Fo-WLCSR 222,aftes singuiation, The dempprary canier 186 and Intgacs lnyer 188 are ramoved by
chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, UV light, laser scanning,
or wet stiFping {6 expesccedmactsadg 1 gpnded to UBM 177. Bumps 176 represent

one type of interconnect structure that can be formed over UBM
177.

In Fo-WLCSP 172, semiconductor die 124 is electrically
connected through conductive layers 160 and 168 and conductive
vias 158 and 166 to bumps 176 and contact pads 144 for external
electrical interconnect. The array of contact pads 144 and
bumps 176 are formed around a perimeter of semiconductor die
124. FIG. 6b shows a top view of Fo-WLCSP 172 with the array of
contact pads 144. Fo-WLCSP 172 is formed without encapsulant or
molding compound, as described in FIG. 1. Instead, polymer
layers 142, 154, and 162 are formed around semiconductor die
124, conductive layers 160 and 168, conductive vias 158 and 166,
and contact pads 144 to provide electrical isolation and
structural support. Polymer layers 142, 154, and 162 can be
formed with less height than the encapsulant found in the prior
art. Accordingly, polymer layers 142, 154, and 162 provide

flexible bump arrangement options, reduced bump pitch, increased
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An electrically conductive bump material is deposited over UBM 228 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au,
Ag, Pb, B1, Cu, solder, and combinations thereof, with an 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
UBM 228 using a suitable attachment or bonding process. In one embodiment, the bump material is
reflowed byheating the AmatdfdilaptveitMering gt ¥R spRcrica BEIS OF bliffps 226. In some
applications, bumps 226.are refiowed:a secongting te improveRlectjealsontacita &BN228) The
bumps can alsp be compression bonded to UBM 228. Bumps 226 represent one tyye of interconnect
structure tREY Carfire foted® Ve UBMSESE™ 11 F1§ Fo WL ESP 259, Liconduior b te4lis
electricallyveannested thsoughy canductivelaysrs 200, 230 cand 248 and conductive viasid8, 208, and
216 to bumps, 22 Ed conFt%ct ds 184 foa external electrical intercon_nv?ct. The1 rray of contact pads
184 and BUimps Zare fortied over the Tl stiHaRE afed of FEWLESP 222> FoWLCSH 253 s formed
without enicapsulantsoramelding:cempatnd, ashdesctibedrin -G£ 1 blinstead] pélymmemlayers 182, 202, 204,
and 212 gr;:eoforme haéouréq: s%mé%ondugtor éjniqe %%4dcor]cdurctive (Ieay]t[sﬁ 200 2%0 anrtlj 2180, lc(gmductive vias
198, 208 and 5?6, and Eontact pa&s 28476 prlovuﬁle Lellcecf)rlca(lj|lsola jon and’stricturar sgpport. Polymer
layers 182 262 0204] sangr21 21 canl bé dornsedywith |eéssheightthamrtheeneapsulahtfotnd in the prior art.
Accordin lymer layers 182, 202, 204, and 212 provide flexible bump arrangement options, reduced
porp it Rerbas B4 10 SO s el TeaLcieg e heigh of RoWLE e 233, FCugB s
222 is suitablefopPalP applieationisyas shownie HG.. 10k afthdco-WIIC 8P 230 stacked over Fo-WLCSP
222. In FRLGSR 280-semiconduglor die 231 i mannied to.semicnductor dis-23z.uith die attach |
adhesive 234. Semiconductor die 231 and 232 each have an active surface containing analog or digital
circuits Iriplehteritdd asactide devicés apassivendevicas,cohduetivie lyersiamdldidlectric layers formed
within the.dig-and electrically. Intercogngctegdeaccording 1o the elegtrical dasign andfyngtion of the die. For
example, the circuit may Include one or more transistors, diodes, and other circuit elements formed within
the activé®SufaEE tol fnisiemeht dnalbg oircaits of Bligital circuits, such as DSP, ASIC, memory, or other
signal processing circuity §emigondiictaridig 231and 232 may1a/sq saniain fRRs, sughagiindyctors,
capacitors, and resistors, for RE' signal processing. Bond wires 236 and 238 are electrically connected to
contact pads ohSEmMitbnBUGERER 251 AR D32 IrespECtiVEHy.SAn BAEAp SRRt IA0LE HepdEREd over

semiconducior-dig £31-and232 and hopgwiresi236 apd 238 A huilgeup Interconneet. steucture 242 is
formed over semiconductor die 232 and encapsulant 240. Semiconductor die 232 is bonded to
InterconnidPEtrtiéthife 942 SRt dig atthth adhesRe 35" Borahires 236 and 238 art%eledtiicaly
connecteddhequgin Intereannect structise 24240 pterns 244, ywhichin sun@se elactigally:connected to
contact pads 184 of Fo-WLCSP 222, Semiconductor die 231 and 232, encapsulant 240, and Interconnect
structure 242 EOnstitute % Senficondddior pAdkaye #1G L 26b ShowS Bidrdds-SBRRSHE! view Bf contact pads
184 and pelymetitayerrdS2tiaken throegh line 10b-E0k undelG. 10a. The electrical signals between
Fo-WLCSP 222 and F%WL SP 230 are routsfg 2thr,ougp the array of contacltvgggs é%f and bumps 244.
Since no gold wire boridstareUsed fofa.%’iaﬁal transhission between the £o- SPs, the Interconnect
Inductanee and<capaeitancelis zeducedoand: signali ke grity islinproved. Bétiectionaicise and crosstalk
can be regliced by matehing tne Impedance betwesn sgpiqondustordie 12¢,and condugtive lavers

layer 182 using a patterning and metal deposition process such
as PVD, CVD, sputtering, electrolytic plating, and electroless
plating. Conductive layer 184 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material.

A temporary carrier or substrate 186 contains

sacrificial base material such as silicon, polymer, polymer
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200, 210, and 218, conductive vias 198, 208, and 216, and contact pads 184 formed in polymer layers
182, 202, 204, and 212. FIG. 11a shows another PoP configuration with Fo-WLCSP 248 stacked
over Fo-WLCSP 250, similar to FIG. 6a. In Fo-WLCSP 248, semiconductor die 252 is mounted to
semiconductor die 254 with die attach adhesive 256. Semiconductor die 252 and 254 each have an active
surface containing analog or digital circuits Implemented as active devices, passive devices, conductive
layers, aiiPHRISCHEE rayBrs fofmedRkitfin the dief&id efetfcall§RRtEYcoretted actordmyds the

electricaldesigmanrd 8inctign 0f the diec £ot exampler the esedibmaydaclygdeoneeramore transistors,
diodes, and other circuit elements formed within the active surface to Implement analog circuits or digital

circuits, SUSRRAEDSP, ASIE M enidt Sor 6ther sighaf pritessing Tiduit 28Emicdhduttor We'S82 and 254

may alsosesntaindPbsesualBas indugtarspgapacitors, @ndyesistarsntor RE' signal processing. Bond wires
260 and 262 are electrically connected to contact pads on semiconductor die 252 and 254, respectively.
An encapssth?fnt 98 deposited over semiconductor die 252 and 254 and bond wires 260 and 262. A
build-up Interconnect structure 2684ds farmmed avernsernicondyeter diea2&2-and 254 ramdcencapstlant 264.

Semiconductor 9&254 is bo.ndedltgdnterconnec{g_ sgu%tgrel%G%thh dlegttach a%}gswe 258. Bond wires

260 and 262 are eIe’t:tr?c%ﬂ;r/ %:%Fmected]tﬁrontﬂ%ﬁqn?erconnect structure 266%6 ]Bumps fé’&e,{/vhich in turn

are electrcallyiconngéted tolcontact padlsddidrefro-WIcCQSR2501 Seemicariducter dier2b2sarati254,

encapsulggt 264, and Interconnect structurg Zgguccqtnstitu@aa semi qu%ctor % ckagla(;%FlG. llb shows a

cross-sectional View 8fcceont§gtepra s 144 an polymelr\igyer 47 taken thr%%]é ine fib'in FIG. ha.

The electicabsigndlsbetweett FosWt C8R 248rahyl FoWbCSRI250 are routed through thye array of
contact pads 144 and bumps g@éasi%ep%qg%@ﬁ"’ii%%gd% are used for signal transmission between the

Fo-WLCSPs, the interconnect inductance and capacitance is reduced and signal integrity is improved.
Reflection noise and crosstaliccal be reduced by hidtchingthadvipedancanb@&wegnssemiesrductor die

124 and gandyave layers 160-215.168, gondhctye.vias A58 K1G% andeoniagpads 144 formed in

polymer layers 142, 154, and 162. ile one or more embodiments of the present invention have
been illustrat&aaT déry Sthe sldlidnartisan Wik Apprediate Hatifbdifiatidnsiarmiadaptations to those

embodiments.may e madewithout degarting, frm the scope of thepreseatinvention-as set fprth in the
following claims.

can be removed by chemical etching, CMP, mechanical grinding,

thermal bake, UV light, laser scanning, or wet stripping to

expose polymer layer 182.

FIG. 8d shows polymer layer 182 after removal of
carrier 182. A plurality of vias 196 is formed through polymer
layer 182 extending down to contact pads 184 using mechanical
drilling, laser drilling, or DRIE, as shown in FIG. 8e. 1In FIG.
8f, vias 196 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W,
poly—-silicon, or other suitable electrically conductive material
using electrolytic plating, electroless plating process, or
other suitable metal deposition process to form z-direction
conductive pillars or vias 198. Conductive vias 198 are
electrically connected to contact pads 184. FIG. 8g shows a top
view of conductive vias 198 formed over contact pads 184 taken
along line 8g-8g of FIG. 8f.

An electrically conductive layer or RDL 200 is formed
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Claims What is claimed: 1. A method of making a wafer level chip scale package (WLCSP), comprising:
providing a first polymer layer including a plurality of contact pads formed within the first polymer layer;
attaching the first polymer layer to a carrier; mounting a semiconductor die to the first polymer layer;
forming a second polymer layer over the semiconductor die and first polymer layer; forming a plurality
of first conductive vias through the first and second polymer layers, the first conductive vias being

electricalf’éonrieeted o thechtact padgsnd conductive vias 198 using a

patterning and metal deposition process such as printing, PVD,
CVD, sputtering, electrolytic plating, and electroless plating.
Conductive layer 200 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 200 is electrically connected to
conductive vias 198. Other portions of conductive layer 200 can
be electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

In FIG. 8h, a polymer layer 202 is formed over polymer
layer 182 and conductive layer 200. Polymer layer 202 can be an
oxide, nitride, or glass material. Polymer layers 182 and 202,
conductive vias 198, and conductive layer 200 constitute an
interconnect structure.

In FIG. 8i, semiconductor die 124 from FIG. 4a-4c are
mounted to polymer layer 202 with active surface 130 oriented
away from the polymer layer using a pick and place operation.

In FIG. 8], a polymer layer 204 is formed over
semiconductor die 124 and polymer layer 202. Polymer layer 204
can be an oxide, nitride, or glass material. A portion of
polymer layer 204 can be removed by an etching process to expose
contact pads 132 of semiconductor die 124 for subsequent
electrical interconnect.

In FIG. 8k, a plurality of wvias 206 is formed through
polymer layer 204 and 202 extending down to conductive layer 200
using mechanical drilling, laser drilling, or DRIE. The vias
206 are formed around a perimeter of semiconductor die 124. 1In
FIG. 81, vias 206 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W,
poly—-silicon, or other suitable electrically conductive material
using electrolytic plating, electroless plating process, or

other suitable metal deposition process to form z-direction
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forming a first conductive layer over the second polymer Layer, the first conductive layer being electrically
connected to the first conductive vias and semiconductor die; forming a third polymer layer over the
second polymer layer and first conductive layer; forming a plurality of second conductive vias through
the third polymer layer, the second conductive vias being electrically connected to the first conductive

layer; forming a second conductive layer over the third pol}émer Layer, the second conductive layer
being eleCiitaty torfedted 16 ite SécondtSortdlittive vRAEAREL Ve formiiRg a%ftsEihferconnect structure
over the thirslpalymen layer and secend eenductivedayere 2.akhermethind of claim 1, further including

forming the first conductive vias around a perimeter of the semiconductor die.,

FIG. 8m shows a top view of conductive vias 208 formed
around semiconductor die 124 taken along line 8m-8m in FIG. 81.

An electrically conductive layer or redistribution
layer RDL 210 is formed over polymer layer 204 and conductive
vias 208 using a patterning and metal deposition process such as
printing, PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 210 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 210 is
electrically connected to contact pads 132 and conductive vias
208. Other portions of conductive layer 210 can be electrically
common or electrically isolated depending on the design and
function of semiconductor die 124.

In FIG. 8n, a polymer layer 212 is formed over polymer
layer 204 and conductive layer 210. Polymer layer 212 can be an
oxide, nitride, or glass material. A plurality of vias 214 is
formed through polymer layer 212 extending down to conductive
layer 210 using mechanical drilling, laser drilling, or DRIE, as
shown in FIG. 8o.

In FIG. 8p, vias 214 are filled with Al, Cu, Sn, Ni,
Au, Ag, Ti, W, poly-silicon, or other suitable electrically
conductive material using electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form z-direction conductive pillars or vias 216. Conductive
vias 216 are electrically connected to conductive layer 210.

An electrically conductive layer or RDL 218 is formed
over polymer layer 212 and conductive vias 216 using a
patterning and metal deposition process such as printing, PVD,

CVD, sputtering, electrolytic plating, and electroless plating.
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3. The method of claim 1, further including forming the contact pads around a perimeter of the
semiconductor die. 4. The method of claim 1, further including forming the contact pads under the
semiconductor die. 5. The method of claim 1, wherein forming the first interconnect structure includes:
forming an insulating layer over the third polymer layer and second conductive layer; removing a
portion of the insulating layer to expose the second conductive layer; and forming a plurality of bumps

over the EXPEEEUTSetoNYTERHUCtvE GBr.C6. PRE nEthBEBE ctaii I furtiertheluliing: 57/

Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 218 is electrically connected to
conductive vias 216. Other portions of conductive layer 218 can
be electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

In FIG. 8g, an optional UBM 228 is formed over
conductive layer 218. A solder resist layer 220 is formed over
polymer layer 212, conductive layer 218, and UBM 228. A portion
of solder resist layer 220 is removed by an etching process to
expose conductive layer 218 or UBM 228 for bump formation or
additional package interconnect. Alternatively, an insulating
or passivation layer is formed over polymer layer 212,
conductive layer 218, and UBM 228 using PVD, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation. The
insulating layer contains one or more layers of Si02, Si3N4,
SiON, Ta205, Al203, or other material having similar insulating
and structural properties. Polymer layer 212, conductive vias
216, conductive layer 218, UBM 228, and photoresist layer 220
constitute an interconnect structure.

In FIG. 8r, semiconductor die 124 are singulated into
individual Fo-WLCSP 222 using saw blade or laser cutting tool
224. FIG. 9 shows a cross-sectional view of Fo-WLCSP 222 after
singulation. The temporary carrier 186 and interface layer 188
are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or
wet stripping to expose contact pads 184.

An electrically conductive bump material is deposited
over UBM 228 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
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providing a semiconductor package; mounting the semiconductor package to the WLCSP; and
electrically connecting the semiconductor package to the WLCSP through the first interconnect structure.
7. The method of claim 1, further including: removing the carrier; and forming a second interconnect
structure over the first polymer layer and contact pads. 8. A method of making a wafer level chip scale
package (WLCSP), comprising: providing a first polymer Ia%/er including a plurality of contact pads

fOHnedmmﬁWHh%QH§Pﬂﬁyﬁ%?ﬁﬁ@$” with an optional flux solution. or

example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to UBM
228 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 226. In some applications, bumps 226 are reflowed a
second time to improve electrical contact to UBM 228. The bumps
can also be compression bonded to UBM 228. Bumps 226 represent
one type of interconnect structure that can be formed over UBM
228.

In Fo-WLCSP 222, semiconductor die 124 is electrically
connected through conductive layers 200, 210, and 218 and
conductive vias 198, 208, and 216 to bumps 226 and contact pads
184 for external electrical interconnect. The array of contact
pads 184 and bumps 226 are formed over the full surface area of
Fo-WLCSP 222. Fo-WLCSP 222 is formed without encapsulant or
molding compound, as described in FIG. 1. Instead, polymer
layers 182, 202, 204, and 212 are formed around semiconductor
die 124, conductive layers 200, 210, and 218, conductive vias
198, 208, and 216, and contact pads 184 to provide electrical
isolation and structural support. Polymer layers 182, 202, 204,
and 212 can be formed with less height than the encapsulant
found in the prior art. Accordingly, polymer layers 182, 202,
204, and 212 provide flexible bump arrangement options, reduced
bump pitch, increased I/0O count, as well as reducing the height
of Fo-WLCSP 222.

Fo-WLCSP 222 is suitable for PoP applications as shown
in FIG. 10a with Fo-WLCSP 230 stacked over Fo-WLCSP 222. 1In Fo-
WLCSP 230, semiconductor die 231 is mounted to semiconductor die

232 with die attach adhesive 234. Semiconductor die 231 and 232
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attaching the first polymer layer to a carrier, forming a plurality of first conductive vias through the first
polymer layer, the first conductive vias being electrically connected to the contact pads; forming a first
conductive layer over the first polymer Layer, the first conductive layer being electrically connected to the
first conductive vias; forming a second polymer layer over the first polymer Layer; mounting a

semiconductor die to the second polymer layer; forming a third polymer layer over the semiconductor die

and secoR@POIVIAEFIaYRr; 2t foimiRg AR GralifPofsedondtomdacive fasthdtighthe second and third
polymer layers, thes seegicbarnductive yiasheing etesirically copagsteddodhe fikst conductive layer;

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 the active surface to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 231 and 232
may also contain IPDs, such as inductors, capacitors, and
resistors, for RF signal processing. Bond wires 236 and 238 are
electrically connected to contact pads on semiconductor die 231
and 232, respectively. An encapsulant 240 is deposited over
semiconductor die 231 and 232 and bond wires 236 and 238. A
build-up interconnect structure 242 is formed over semiconductor
die 232 and encapsulant 240. Semiconductor die 232 is bonded to
interconnect structure 242 with die attach adhesive 235. Bond
wires 236 and 238 are electrically connected through
interconnect structure 242 to bumps 244, which in turn are
electrically connected to contact pads 184 of Fo-WLCSP 222.
Semiconductor die 231 and 232, encapsulant 240, and interconnect
structure 242 constitute a semiconductor package. FIG. 10b
shows a cross—-sectional view of contact pads 184 and polymer
layer 182 taken through line 10b-10b in FIG. 10a.

The electrical signals between Fo-WLCSP 222 and Fo-
WLCSP 230 are routed through the array of contact pads 184 and
bumps 244. Since no gold wire bonds are used for signal
transmission between the Fo-WLCSPs, the interconnect inductance
and capacitance is reduced and signal integrity is improved.
Reflection noise and crosstalk can be reduced by matching the

impedance between semiconductor die 124 and conductive layers
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forming a second conductive layer over the third polymer Layer, the second conductive layer being
electrically connected to the second conductive vias and semiconductor die; forming a fourth polymer
layer over the third polymer layer and second conductive layer; forming a plurality of third conductive
vias through the fourth polymer layer, the third conductive vias being electrically connected to the second
conductive layer; formin% &a}[ third conductive layer over the fourth polymer Layer, the third conductive

layer beirg Blectricily Eornédted t6 eI dohdlictive Vs, and®/  fotthing &-firéfifiterconnect
structure @vet the-fapsthgpalymer lsyee and thipd conductiveJayey. 192The nethod of claim 8, further

including;

212

FIG. 1lla shows another PoP configuration with Fo-WLCSP
248 stacked over Fo-WLCSP 250, similar to FIG. 6a. In Fo-WLCSP
248, semiconductor die 252 is mounted to semiconductor die 254
with die attach adhesive 256. Semiconductor die 252 and 254
each have an active surface 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 the active surface to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 252 and 254
may also contain IPDs, such as inductors, capacitors, and
resistors, for RF signal processing. Bond wires 260 and 262 are
electrically connected to contact pads on semiconductor die 252
and 254, respectively. An encapsulant 264 is deposited over
semiconductor die 252 and 254 and bond wires 260 and 262. A
build-up interconnect structure 266 is formed over semiconductor
die 252 and 254 and encapsulant 264. Semiconductor die 254 is
bonded to interconnect structure 266 with die attach adhesive
258. Bond wires 260 and 262 are electrically connected through
interconnect structure 266 to bumps 268, which in turn are
electrically connected to contact pads 144 of Fo-WLCSP 250.
Semiconductor die 252 and 254, encapsulant 264, and interconnect
structure 266 constitute a semiconductor package. FIG. 11lb
shows a cross—-sectional view of contact pads 144 and polymer

layer 142 taken through line 1lb-11b in FIG. 1lla.
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forming the first conductive vias under the semiconductor die; and forming the contact pads under the
semiconductor die. 10. The method of claim 8, further including forming the second conductive vias
around a perimeter of the semiconductor die. 11. The method of claim 8, wherein forming the first
interconnect structure includes: forming an insulating layer over the fourth polymer layer and third

conductive layer; removing a portion of the insulating layer to expose the third conductive layer; and
forming a plurality of bdfps OVer teexdosetithitd ToRahetR~A afer, WLCSP 248 and Fo-

WLCSP 250 are routed through the array of contact pads 144 and
bumps 268. Since no gold wire bonds are used for signal
transmission between the Fo-WLCSPs, the interconnect inductance
and capacitance is reduced and signal integrity is improved.
Reflection noise and crosstalk can be reduced by matching the
impedance between semiconductor die 124 and conductive layers
160 and 168, conductive vias 158 and 166, and contact pads 144
formed in polymer layers 142, 154, and 162.

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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12. The method of claim 8, further including: providing a semiconductor package; mounting the
semiconductor package to the WLCSP; and electrically connecting the semiconductor package to the
WLCSP through the first interconnect structure. 13. The method of claim 8, further including: removing

the carrier; and

forming a second interconnect structure over the first polymer layer and contact pads.

14. A method of making a wafer level chip scale %alck_age (WLCSP), comprising:
alms

What is claimed:

1. A method of making a wafer level chip scale package
(WLCSP), comprising:

providing a first polymer layer including a plurality of
contact pads formed within the first polymer layer;

attaching the first polymer layer to a carrier;

mounting a semiconductor die to the first polymer layer;

forming a second polymer layer over the semiconductor die
and first polymer layer;

forming a plurality of first conductive wvias through the
first and second polymer layers, the first conductive vias being
electrically connected to the contact pads;

forming a first conductive layer over the second polymer
layer, the first conductive layer being electrically connected
to the first conductive vias and semiconductor die;

forming a third polymer layer over the second polymer layer
and first conductive layer;

forming a plurality of second conductive vias through the
third polymer layer, the second conductive vias being
electrically connected to the first conductive layer;

forming a second conductive layer over the third polymer
layer, the second conductive layer being electrically connected
to the second conductive wvias; and

forming a first interconnect structure over the third

polymer layer and second conductive layer.

2. The method of claim 1, further including forming the first

conductive vias around a perimeter of the semiconductor die.
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providing a semiconductor die;  forming a first polymer layer around the semiconductor die; forming a
plurality of first conductive vias through the first polymer layer; forming a first interconnect structure
over a first surface of the first polymer layer electrically connected to the first conductive vias; and
forming a second interconnect structure over a second surface of the first polymer layer opposite the first
surface, the second interconnect structure being electrically connected to the first conductive vias. 15.
The method of claim 14, wherein forming the first interconnect structure includes: providing a second

polymer layer inchusingapdurabty of contact pads fenmed withinihesgcond pohygnenlayer;  forming a
plurality of second conductive vias through the second p(gl}\llmer layer, the second conductive vias being

electricalljPEOrHettet o thd cContstt padss tmeter of the semiconductor die.

4. The method of claim 1, further including forming the

contact pads under the semiconductor die.

5. The method of claim 1, wherein forming the first
interconnect structure includes:

forming an insulating layer over the third polymer layer
and second conductive layer;

removing a portion of the insulating layer to expose the
second conductive layer; and

forming a plurality of bumps over the exposed second

conductive layer.

6. The method of claim 1, further including:
providing a semiconductor package;
mounting the semiconductor package to the WLCSP; and
electrically connecting the semiconductor package to the

WLCSP through the first interconnect structure.

7. The method of claim 1, further including:
removing the carrier; and
forming a second interconnect structure over the first

polymer layer and contact pads.

8. A method of making a wafer level chip scale package
(WLCSP), comprising:
providing a first polymer layer including a plurality of

contact pads formed within the first polymer layer;
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forming a first conductive layer over the second polymer Layer, the first conductive layer being electrically
connected to the second conductive vias; and forming a third polymer layer over the second polymer
Layer. 16. The method of claim 15, further including: forming the second conductive vias under the
semiconductor die; and forming the contact pads under the semiconductor die. 17. The method of claim
14, wherein forming the first interconnect structure includes providing a second polymer layer including a
plurality of contétt pads ¥amed fithinrthe SeebREPolyridriayEr the fifsttoRddctive vias being electrically

connected to the eeftaeypadelurality of first conductive vias through the

first polymer layer, the first conductive wvias being
electrically connected to the contact pads;

forming a first conductive layer over the first polymer
layer, the first conductive layer being electrically connected
to the first conductive vias;

forming a second polymer layer over the first polymer
layer;

mounting a semiconductor die to the second polymer layer;

forming a third polymer layer over the semiconductor die
and second polymer layer;

forming a plurality of second conductive vias through the
second and third polymer layers, the second conductive vias
being electrically connected to the first conductive layer;

forming a second conductive layer over the third polymer
layer, the second conductive layer being electrically connected
to the second conductive vias and semiconductor die;

forming a fourth polymer layer over the third polymer layer
and second conductive layer;

forming a plurality of third conductive wvias through the
fourth polymer layer, the third conductive vias being
electrically connected to the second conductive layer;

forming a third conductive layer over the fourth polymer
layer, the third conductive layer being electrically connected
to the third conductive vias; and

forming a first interconnect structure over the fourth

polymer layer and third conductive layer.
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18. The method of claim 14, wherein forming the second interconnect structure includes: forming a
first conductive layer over the first polymer Layer, the first conductive layer being electrically connected to
the first conductive vias and semiconductor die; forming a second polymer layer over the first polymer
layer and first conductive layer; forming a plurality of second conductive vias through the second
polymer layer, the second conductive vias being electrically connected to the first conductive layer; and
forming &@secontf'éortichive 1yer ovérthelsecontiguiymerLayét it second conductive layer being
electrically connesteg tothersecend sonduetivevas.c 191 The metbed of slayanA: Sutherdaeluding
forming the first conductive vias around a perimeter of the semiconductor die. 20. The method of claim
14, furthéHificluding:

forming the contact pads under the semiconductor die.

10. The method of claim 8, further including forming the second

conductive vias around a perimeter of the semiconductor die.

11. The method of claim 8, wherein forming the first
interconnect structure includes:

forming an insulating layer over the fourth polymer layer
and third conductive layer;

removing a portion of the insulating layer to expose the
third conductive layer; and

forming a plurality of bumps over the exposed third

conductive layer.

12. The method of claim 8, further including:
providing a semiconductor package;
mounting the semiconductor package to the WLCSP; and
electrically connecting the semiconductor package to the

WLCSP through the first interconnect structure.

13. The method of claim 8, further including:
removing the carrier; and
forming a second interconnect structure over the first

polymer layer and contact pads.
14. A method of making a wafer level chip scale package
(WLCSP), comprising:

providing a semiconductor die;
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providing a semiconductor package; mounting the semiconductor package to the WLCSP; and
electrically connecting the semiconductor package to the WLCSP through the first interconnect structure
or second interconnect structure. 21. A wafer level chip scale package (WLCSP), comprising: a
semiconductor die; a first polymer layer formed around the semiconductor die and second polymer

layer; a plurality of first conductive vias formed through the first Eolymer layers; ,
forming a first polymer layer around the” semiconductor die;

forming a plurality of first conductive vias through the
first polymer layer;

forming a first interconnect structure over a first surface
of the first polymer layer electrically connected to the first
conductive vias; and

forming a second interconnect structure over a second
surface of the first polymer layer opposite the first surface,
the second interconnect structure being electrically connected

to the first conductive vias.

15. The method of claim 14, wherein forming the first
interconnect structure includes:

providing a second polymer layer including a plurality of
contact pads formed within the second polymer layer;

forming a plurality of second conductive vias through the
second polymer layer, the second conductive vias being
electrically connected to the contact pads;

forming a first conductive layer over the second polymer
layer, the first conductive layer being electrically connected
to the second conductive wvias; and

forming a third polymer layer over the second polymer

layer.

16. The method of claim 15, further including:
forming the second conductive vias under the semiconductor
die; and

forming the contact pads under the semiconductor die.

17. The method of claim 14, wherein forming the first

interconnect structure includes providing a second polymer layer
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a first interconnect structure formed over a first surface of the first polymer layer electrically connected to
the first conductive vias; and a second interconnect structure formed over a second surface of the first
polymer layer opposite the first surface, the second interconnect structure being electrically connected to
the first conductive vias. 22. The WLCSP of claim 21, wherein the first interconnect structure includes:

a second polymer layer including a plurality of contact pads formed within the second polymer layer; a

plurality of¥etBAdtdndubtiverdiad fomdd thradgiFthePsetontiPdlyinel R And &fectfcaIN tonnected to

the contast padsir 1a/frst cenductive dayerdJaumed over thesecend polymerclayerand glectrically

connected to the second conductive vias; and a third polymer layer formed over the second polymer
layer connected to the contact pads.

18. The method of claim 14, wherein forming the second
interconnect structure includes:

forming a first conductive layer over the first polymer
layer, the first conductive layer being electrically connected
to the first conductive vias and semiconductor die;

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

forming a plurality of second conductive vias through the
second polymer layer, the second conductive vias being
electrically connected to the first conductive layer; and

forming a second conductive layer over the second polymer
layer, the second conductive layer being electrically connected

to the second conductive vias.

19. The method of claim 14, further including forming the first

conductive vias around a perimeter of the semiconductor die.

20. The method of claim 14, further including:
providing a semiconductor package;
mounting the semiconductor package to the WLCSP; and
electrically connecting the semiconductor package to the
WLCSP through the first interconnect structure or second

interconnect structure.
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23. The WLCSP of claim 21, wherein the first interconnect structure includes a second polymer layer
including a plurality of contact pads formed within the second polymer layer, the first conductive vias
being electrically connected to the contact pads. 24. The WLCSP of claim 21, wherein the second
interconnect structure includes: a first conductive layer formed over the first polymer layer and
electrically connected to the first conductive vias and semiconductor die; a second polymer layer

formed otér thefirSePaymer Idyer GhdHirstcondueive fer; (WL a@hllralitPBPsecdhidTonductive vias
formed through thessecanshpelymer layes and electrically connected to the first conductive layer; and
a second conducti\%e, layer ov%r the selcond poflymer Igyer and glecﬁrically c,onnegted to th%1 second
conductive viasZ irst polymer layer formed around the sémiconductor die
and second polymer layer;
a plurality of first conductive vias formed through the
first polymer layers;
a first interconnect structure formed over a first surface
of the first polymer layer electrically connected to the first
conductive vias; and
a second interconnect structure formed over a second
surface of the first polymer layer opposite the first surface,

the second interconnect structure being electrically connected

to the first conductive vias.

22. The WLCSP of claim 21, wherein the first interconnect
structure includes:

a second polymer layer including a plurality of contact
pads formed within the second polymer layer;

a plurality of second conductive vias formed through the
second polymer layer and electrically connected to the contact
pads;

a first conductive layer formed over the second polymer
layer and electrically connected to the second conductive vias;
and

a third polymer layer formed over the second polymer layer.

23. The WLCSP of claim 21, wherein the first interconnect
structure includes a second polymer layer including a plurality
of contact pads formed within the second polymer layer, the
first conductive vias being electrically connected to the

contact pads.
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25. The WLCSP of claim 21, further including a semiconductor package mounted to the WLCSP and
electrically connected to the WLCSP through the first interconnect structure or second interconnect
structure.

24. The WLCSP of claim 21, wherein the second interconnect
structure includes:

a first conductive layer formed over the first polymer
layer and electrically connected to the first conductive vias
and semiconductor die;

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

a plurality of second conductive vias formed through the
second polymer layer and electrically connected to the first
conductive layer; and

a second conductive layer over the second polymer layer and

electrically connected to the second conductive vias.

25. The WLCSP of claim 21, further including a semiconductor
package mounted to the WLCSP and electrically connected to the
WLCSP through the first interconnect structure or second

interconnect structure.
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