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 detiE¥s SPBINABhIPT n |c]'p9 > $OnIEBhRSEctor devices vary
in the number and den&@vc}fl‘gl"e&ﬂ %%éﬁ%§c%¥@ SEMMRGEEGE detitds generally contain
one type of electrical component, es&Pﬁﬁﬁt eFrRittmb Bﬁﬁgbﬁgwgﬁ;signm transistor, resistor,

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

. . . . q%e 8 ﬁ InW%ntlon .
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
(CODs), solar cells, and digital micro-mirror devices (DMDSs). Semiconductor devices perform a
wide range of func‘:tlon%ﬁgcr%gg}ssgqggl E{}O&ggglnghhpgtﬂpce%j (iar!c%gtrg%gsﬁ,tltratnglmlttl'ng and receiving
electromagnetic signals, controlling electronic devices, transforming’sunlight to electricity, and creating
visual prgjectionsifon televisidadisplaysind, 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 are found in the fields of entertainment, communications, power conversion,
networks, computers, and consumer products. Semiconductor devices are also found in military
applications, aviation, automotive, industrial controllers, and office equipment. Semiconductor
devices exploit the electrical properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be manipulated by the application of an electric

field or ba&& cGireRt ST tRFouh theprocess $a8King. DPIRg Tt esfimplififies o =
semicondugtarmaterial i manipulate ancheentiol dhe cardutivity of thensermicendusten device. A
semiconductor device contains active and passive electrical structures. Active structures, including bipolar
and field eFBEHFETsiSbRS Eohttol theSibi 8Fefectrital SGTemtS By Varyifg F&et€ 8 dopiflg and
applicatiomn ofia ekechigfiald o base cusent the transistameither romatessarrestricts the flow of
electrical current. Passive structures, including resistors, capacitors, and inductors, create a relationship
between %ff&ﬁéj 9:1918 clfrefit’ ﬁe@efié]a?f to pertériT QR/ariety of electrical functions. The passive and active
structures are electricallgrebnnectedtto forfe cireuits, adpdlbenahledhe semicanduttor device to perform
high-speed caIcu]Eations an other usegul fgnctionsc. a1 Sen%'condl,éctor. deviﬁes are gener Iy
manufacfured ﬁginbet\?voocorﬁﬁll& (Fr?e{lnulfgctaﬁng %rggelsas,eg,'i.e., rontend manu é:éjtﬁrlﬁlg,eano back-end
manufactsemgceachimvolving petentiallyahdrdreds of stepsc Franteeindocmadufacturingyinvolves the
formqtionm%fnal {g{#[%hgg é)f]gie on éheasurﬁccea%fi% ger&co&gucﬁoer é’@c% Eﬁalcehl%{e(ijsr t)ég(jicaelly identical and
contains circuits formed by electrically connecting active and passive components. ack-end
manufacttwinggmiolves singalating ildividuakdiesron thefinished waferiand patkaging te die to provide

structural, sypnort and enyironmental isplation.,, . ., One.gaal pf semiconductor manyfacturing is to

produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performaned tarrd cah Be produccdimore efficidritly. Fradditonsmallerdenieenductor devices have a

smaller footprint, whichis desirablefor smaller end praduiats. 4 smallet die size may.he achieved by

improvements in the front-end process resulting in die with smaller, higher density active and passive

componeits Backeerd processes fray redalt iV Sermiconatitior HevitePatkages Rithd smafécfootprint

by improveraentsdp £leqtrigal interconnegtion apd packaging Materials. c1ectrical
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



FIG. 1 shows a conventional package-on-package (PoP) Fo-WLCSP 10 with semiconductor die 12
stacked over semiconductor die 14 and enclosed by encapsulant 16. A build-up interconnect structure 18
is formed over the stacked semiconductor die 12-14 and encapsulant 16. Semiconductor die 12 and 14
are electrically connected to interconnect structure 18 with bond wires 20 and 22. Semiconductor die 24 is
enclosed by encapsulant 26. A build-up interconnect structure 28 is formed over semiconductor die 24

and encap3iifaht 26°SBRftcEHHuStor did 24 18 Bechicaiy Tohhedted tointerdshinett SFlictife 26 with bond

wires 30.{The: buitd:up inteeconnest strectdrenl8 iscelectiically sennescied to/build-yupdnterconnect structure
28 using bumps 32 formed around a perimeter of semiconductor die 24 and encapsulant 26. The
interconrRP¥APEbility Of FoAWLE SPRBS imfted by the HEgi tEGdirementdr dtitapsulant 26 formed
around semiconductoraie 24o%hatds, Bumps S2dnusidie fermetawith suffigiens size tpspandbe gap
between builtﬁgg intercqnnec%structures 18 and 28. Th?ejjr%a is %iictated by the, hei%l%t of encapsulant 26.
Accordingl? the Feighf'dr eHtapstfaht 28 Fastricts tha's Sp rrangemeht 6pars btinp pitch, bump size,
and inputfeutputn@/Q)ecoiinb.csdmmadry of thel liventier r f ormaAdegethexistsan previde @dkbaddLCSP
without usiglgeenecgpsglag}lgiound tPre1 sgrréjc%n%%ctor %ig tgégd%%%b%rggdoigzpoa}:ndd%umBéséze, as well as
increase IBump arraﬁgelment 8/p'tions anad O count. ACCor ingly, in one embodiment, the present
inventionhis aemethodadfiImaking @Wt C8P cemprisingsthe stepsoflprovidingsaditstgolymer layer
including ar%'é'ﬁ%'%% of c%ntg%% aldesrfo(grpeedsvgithein tr}je fiiisé pglé/rqeer\;%ﬁerbattgl%higg \t]rée Q%SE golymer layer
to a carrigr, mounting a semiconductor die to the frl?stypo ymer layer, orm?]ng a secon polymerrfayer over
the semic¢dreluctordie and fipstpohpmer Ryet, formingra plueality ohfistedaductiviedas through the first
and second,polymer Layers, andforming g irst conductive layer over the second polyrerlayer. The first
conductive layer is electrically connected to the first conductive vias and semiconductor die. The first
conductiveevias taré eletticalg tdnnteteddo the eontack pads. The methcdrfukthey irfchadexrthetsteps of
forming & fhirshpelupenizyet over esacond polvmerdaver aut fist ronductyzdayey; fming a pluralit
of second conductive vias through the third polymer layer, forming a second conduciive layer over the
third polyhferd&yer &nd forming a first interconnect structure over the third polymer layer and second
conductive layer. The second condugtive viasare glectrically connected 10 the fikst condugctive layer. The
second conductive layer is electrically connected to the second conductive vias. In another

embodiment, the Predeht frviehtidflis atieiotot Malting 24 WEESE eompfisingthe St 6i5tbviding a

first polymetlayer including aplaality ofcontact pagdsdornaed withinthedirstpalymer layerattaching the
first polymer layer to a carrier, forming a plurality of first conductive vias through the first polymer layer,

and formiigra first eondctive 1598r6vkriie firdt polythérager. SHeifirsfeotductive viaslare ectrically

connectegg the eaptact pads.1he first gonduclivedayerds €lectrically comngeted to the first conductive
vias. The method further includes the steps of forming a second polymer layer over the first polymer layer,
mounting"a SEfMcoriuttor $E B e Sedond potyheP iayer fofhing & tird polymF fay8P8der the
semicondtictersdie @nersecond patymerlayean daring iseplaialitys ok secanskepnsiuctive vias through the
second and third polymer |ayers, and farming a,second conductive layer over tEF third polymer layer. The
second CORGUEVANIAS afe electtically LanfiBorbl 15 1 HIAT ConductNe 47T, The SecbRETSAductve
layer is etectricadlynconnedteditorthel secarid eanductivepsasi and semiconsiectar dielutheomethiad further
includes steps of farming a.fourth polymer Jayer aver the third polymer layer and. second.conductive
Layer, Ty SHFA ST e s R LIGT th e e Do Ty rcrentig &t
conductivelayewoverstheé fourtli pelymerlldyen and temung aefirst isterconmect stiictiure over the fourth
polymer Iayer.gnd thirc condyctive Jayer, The third conduciiye vias are glecligally gonnegged to the
second conductive Iayeﬁ/ The third conductive ayer is electrlcaIFy connected to the third conductive vias.
In anothershigodinraps, tAé pfesam dnvientionds a method<sfenakifg acWLCSRicomprisingehé $teps of

lXOdegéﬁd 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



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 is electrically connected to the first conductive vias. In another

embodim@nt, the Prédent iffention I8 A'WEES FesmBRSIAG H sémicbdietor BieCa first pblymer layer
formed arpuneothersemicgnductondie anthsecond polymetlayes A plurality of diksyiconductive vias is
formed through the first polymer layers. A first interconnect structure is formed over a first surface of the
first polymBFyaF eetrically coRhiected 1B IHe firstondadievigd. £LEas i interconfiect structure is
formed oversa seconrd sudace oithefirshpelymet layet oppesite-thedfirst swigcedhe secoad
interconnect structure is electrically connected to the first conductive vias. Brief Description of the
Drawing$* % lnpﬁﬁ.%ﬁlﬁ%ﬁa&%/ao(éorﬁfelﬁrﬁgnal 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 detalil ofér&%mﬁp&resgl%tagﬁ% SEm‘i,CeOFPJL_JCtOI’ packages mounted to the PCB;
FIGs. 4a-4c illustrate a semiconductor w Xontainlng a plfuraﬂty f semiconductor die;

[e
arer
A need exists to provide a Fo-WLCSP without using
encapsulant around the semiconductor die to reduce bump pitch
and bump size, as well as increase bump arrangement options and
I/0 count. Accordingly, in one 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, 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, and forming a first conductive layer over the second
polymer layer. The first conductive layer is electrically
connected to the first conductive vias 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



FIGs. 5a-5m illustrate a process of forming a Fo-WLCSP with conductive layers and conductive vias

separated by polymer Layers; 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
FoOWLCSP 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 polyméfkyers;S ©1eCESdlitustiated ffe-£6-WECSFwith condudiRdayérs 4hd cétitluctive vias

separated by polymer layetsiother &mies410a-10b iHustrate aRoR ForWb &SR formeddn accordance

with FIG. 9; and , o o
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. lla-lib 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, madifications, and
equivalertSasTRAY B iRcIuded withRT the Shifit dnidF StopePdf g invehtioh &5 defitied by the appended
claims ang-theireguivalentsascssupperiedy thefollowingdisdesureand dramings: ive vias
Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end THARWAR NG dnd Packe Andfaéturing” BrSHEShd mhhhfctdrni G EIVRS the formation of
a plurality et-dietan-thecsusface of iarsemicenductor wafem Each:the opdhemafericondains active and
passive electrical components, which are electricail connected to form functional electrical circuits.
Active o|SGH COMBOertS e S ra fist8rs &nd dlodes RAVE e atitg 1o cBRtor R of
electricalcuskent.riFasisiveelectricat cormponentsy suchras capaeitossdnduetoes; ¢esistors,cand

transfom}e.rs, cheatela relatignship between \éolt e ar%d current necessary t?hperform elgctrical circuit
. 1rs pB gmer %ye? OpC%OSl e e tlrSt sur ?ﬁ:e . e fS%COl’l .
functions. assive and‘active conmponents are formedover the surface of the semiconductor

wafer by arseriesoiprocesststeps including dopingy depasitiorn,photolithdgraphy hetchings and

planarlzaé[:lgﬂ.dllj1 Ellngelntroduces impurities into the semiconductor material by techniques such as ion

implantation or thermal diffsion. The doping process modifies the electrical conductivity of semiconductor
material in active devices, transfoemingrthesensicondudter materfal intd mnansulator ieorductor, or

dynamicaily changing the semjcondugtor material songuctivity in pesnansg to gp.electric field or base

current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable thectraissistor 3 prdntdte oFeasteienthecfiow oflélectritdl sgrremcuponltesapplieation of the electric

fied or base,curtenty o £ Active and passiye components ate oimed oy ayers of ratedals with

different electrical properties. The layers can be formed by a variety of deposition techniques determined
in part bméyﬁ?ﬁé of metertal b%éééﬁ&i%@??@?@%@ﬁﬁk, @ﬁiﬁqmﬁlﬁ@oéﬁioﬁ%@?%\@“@d‘?emical
vapor depaesitien (GYB).Rhysical vaper deposifion (RVD), slectralytic plating, and elsgiraless plating
processes. Each layer is generally

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



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
photoresiét I renmEC lealing Belind apatterRBa fsyet VAIterhafivel§ PSeé Sy heslofinaterals are
patterned hy gireGtly depositing the material into the areas or voids formed by a previous deposition/etch
process using techniques such as electroless and electrolytic platin% Depositing a thin film of
n

material over an existinig Patterh cat exaggetatethé underying Pattern Bhatréat W Hon-URiformly flat

surface. Aaniformbyrtat surface isi keguired 40 preducersmaller and mase deasely packed active and
passive components. Planariz7ati,o can be used to remove material from the surface of the wafer and
produce a uniformly flat gﬁr’face.]‘I?ﬂjc'lﬁﬁﬁfﬁlto%sin%l%g p%ﬁﬁﬁﬁlg T 8hrisde 8f ﬁﬁcé%ﬁgfeg(\?ﬁth a polishing
pad. An alirasiwewnateriabandh carrosive ehemical e added ta theeswurface eftherwaferduring polishing.

The combigfdmrg%cq%ni%al action of the abrasive and corrosive action of the chemical removes any
irregular Fopo{:;raphy, ré]sflt?rig in a uniformly flat surface. Back-end manufacturing refers to

cutting or singulating the fisish&d waferiinhfoithrerindividuad diecan b thenepackagingothe idig fer structural

support and envropmental isalatian. 1o singulate the die. the waferis scored and broken alon
non-functional regions of the wafer called saw'streetS or scribes. The waler is sméfﬁate using a laser
cutting toebovsaw blades After singulation, the individual die are mounted to a package substrate that

Includes pins or contagtpadsdor, inferconnection with eihegsystem, cpmpEDARS. Copladt pads formed

over the semiconductor die are then connected to contact pads within the package. The eléctrical
connectiescarrbd nvdde’ with Sokle? DRss; studbumps yewrdukive paste, or wirebonds. An

encapsulant or other mojgling materialis deppsited gver the:ackagefo peqvide physical support and

electrical isolation. The finished package is then Inserted into an electrical system and the functionality of
the semicotitRiet Hevicelisimadé availabié to the other system components.

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



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 Sl8EtficaNfinCRONE. Afterfativély, eldctroniCaevite 8B gy BE A 'Subconpotieht bf & larger

system. Forrexampla, electionic.deyicers0 paydaepart of acedular phengrpersonal digital assistant
(PDA), digital video camera (DVC), or other electronic communication device. Alternatively, electronic

device 50 88r B YabRics " GHrE  netwitk hierfbce Bard! Br BtHer sigifl prddessity dard tRafcan be

Inserted in@ aicomputer Thessemiconguction packageican chidelmicreprosessorsomesraries,
applicatign specific igtegrated ciﬁguit (ASIC), I%gic circuits, analog circuits, RF circuits, discrete devices,
or other S8micORHuCtS? die BF Blecticar tomponefits” THE Hiiniat(iization and fhe"w&ight reduction are
essentialdomihesepreducts ¢ be sacceptesliby: thesmarket dihkel distanceveetweensemicanductor devices
must be de%rg%(sD d I%acry \ée hi eéfiggﬁlt . %e In FI%. 2, EgsB S%Qr%vi%%sca Jgenffral substrate for

O e W 1 currentc,. S a
structural"SUpport and electrical interconnect of the Semiconductor packages mourited on the PCB.

Conductivesignattraces 54 @rne dermeghbaverta syrfacenduwitbndayersof RCB 52 usieg evaporation,
electrolytjtc plati g, elgctroless Qla%ingascre n@rinting,.or %thgr suitable metal deépogition process. Signal
traces 54 Er%%ﬁj%a for electrical cgmemuniégt?oan between each of the s\é%%gr?deuctgr pacc%lagg, mounted
componemts; ahekathek extesvd systerd eomponentsc Tracest £ alsotprovide power and ground

connections to each ofhe semicandyiclor RACKAgES, . e nr. JN.S0Me embodiments, @semiconductor

device has two packaging levels. First level packaging is a technique for mechanically and electrically
attachingsthe fsepsicoridudier diens apridterimetiate tariery Second fevel packaghwg ihvoRkesiaechanically

and electrigaliy.attaching the,ptermadiate:castier iobe 168 pather smbodiments, a semiconductor

device may only have the firstlevel packaging where the die is mechanically and e éctrically mounted
directly té*thePPEBZat 1on . Fob e parpoke ot dRcaratioRrsEverdiaypes 6PfirshRvel packaging, including

wire bond pagkage;56 apd TR chip:58, are shewn PnBEB 52, Additionally, seyerahtypes ofi segond level
packaging, including ball grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP) 64,

land grid ‘areE R EA) B8 redifthip MdBuRPRMER) 880 gEad fRPASH-IERIdd Fadkkge (EF 170, and quad
flat packagg, d&.aresshownmoyated-on BB 82. Repending upgnibe systemrequirements, any
combination of semiconductor packages, configured with any combination of

transforming the semiconductor material into an insulator,

conductor, or dynamically changing the semiconductor material

conductivity in response to an electric field or base current.

Transistors contain regions of varying types and degrees of

doping arranged as necessary to enable the transistor to promote

or restrict the flow of electrical current upon the application

of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical wvapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and

electroless plating processes. FEach layer is generally



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 & AHrifEQuisrdsiRg Eheaps mpaitents aRasParedthinedPAaRuiatturing process. The

resulting devises afie dgssdikelyrtodail and lessexpensivnto manutasturedepdlting #sa lower cost for
consumers. FIGs. 3a-3c show exemplary semiconductor packages. FIG. 3a illustrates further
detail of DIP 64 mountéd on'PEBSD. SUMICENAICISFdRS A MTIuRs N A&ivE TRGEN 88aining analog
or digital giteuits imptemested-as activerdevices, passiveqlavices, sondueiiedayersaand diejegtric layers

formed within the die and are elect icaly interconnected according to the electrical desgn of the die. For
example,p 8tc?féﬁﬁjrﬁc’aty inéilide &Eéeo ore trgﬁs?%%rg,a(%&gg ﬁlductérsﬁD %gﬁg(ﬁfbré resistors, and
other circuitelementssformednvithim et actirekregion-ofsarhicondactos dieusd. ilContactpads 76 are one
or more layers of conductive material, such as. aluminum (Al), cqopper (Cuy), tin (Sn), nickel (Ni), gold (Au),
or siver (A5, 5 S Beticals cORSGHH b Tie RN it S B et iy S Hoatuctor e 74,
During asssmbly of DR 164, semndorehicioraie 74is mauntéd tonan darfteiredmateleartiel 78 using a
gold-silicgg egtreqéig I%yéer oartatdgregie\/g matletgiéal gté%haa% t eerrmoa% epoxy %18 Qxy. rseséq:. Tihe package body
includes an insulative pa(ﬁ(aglng material such as polymer or ceramic. onductor leads 80 and wire
bonds 82rprovidedeledrigdllinterostmiact betwedrt semicontlactor die 4 aadrRCBB2L Encaprelant 84 is

deposited guer.the pagkage fon envionmentalpiolection hy-piexeninamigistuse; and padicles from
entering the package and contaminating die 74 or wire bonds 82. FIG. 3b IMustrates further detail
of BCC 62aheuited omPCBS2 Sernrrondicto digssd rmednted evercarder30 using an underfill or

epoxy-regip adhesive material 92 Wire bonds 94 provids first level,packaging Interconpect bghyeen
contact pads 96 and 98. Molding compound or encapsulant 100 is deposited over semiconductor die 88
and wire bAAS 94-t5prévide Physigal support and electrical isolation for the device. Contact pads 102

are formed over a surfaeg,0ERPEBR2 Ysipg asuitahle Bretal-depositionprocess, such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102 are electrically connected to one or more

conductivPSigRarracEs SARPPERSZE Butfips! 168 atd f6ithetPhétiigen®Cthtadt TR 98 6PBCC 62 and

contact pads 492:0f PGB 52. sur factn FIG. 36 sepyicarductardie 58-ds mounied dace dewn e
intermediate carrier 106 with a flip_chip style first level packaging. Active region 108 of semiconductor die

58 contals¥Hafsy SFdigitarciftifts Tnpferiemen a6 &aivedbvices! Bassvé dedicdd "éonductive layers,

and dielegtrigJayersformed agaaneing toi the elgetrial design ebthe-dieEonexamplel thergircuit may
Include one or more transistors, diodes, Inductors, capacitors, resistors, and other circuit elements within

active redibfi 198" §2hficSHdudtSr dié 58Tis TheLtFcaly Hrid MetRatiai dornetied o Eaier 106 through

bumps 180.anarizaBGABO iswelectssalypand mechanically conaeecied to PEB H2 fth & B&GA style

second leve kaging using bumps 112. Semiconductor die 58 is electrically connected to conductive
Ipgisara oo o e 11955

signal traldes ‘through lfn%pc’sl‘i_eLOfnéaii{jﬁgﬁ%esaﬂ corrosive chemica
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



and bumps 112. A molding compound or encapsulant 116 is deposited over semiconductor die 58 and
carrier 106 to provide physical support and electrical isolation for the device. The flip chip semiconductor
device provides a short electrical conduction path from the active devices on semiconductor die 58 to
conduction tracks on PCB 52 in order to reduce signal propagation distance, lower capacitance, and
improve overall circuit performance. In another embodiment, the semiconductor die 58 can be
mechaniGatly dtftfelecttically edfrectéd dir8eih B-PEB"S2 UiSing i ERp StHE fit&tdevé&Packaging

without indggmediatescarrige406. singulbls. 4@, shaws asemicenductoriwafer d 20 with-a base substrate
material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon carbide, for

structuraPsdBpotE FoplaraTRy bRSEMIdoRHUTOT 'GP caMPEnéEfts 1248 Formiéi Sn Wilfer 120 separated

by saw streetsrizZénas deseribedialiovet her sy Ftemdb shpwsaneross-sestional vieww@a portion of
semiconductor wafer 120, Each semiconductor die 124 has anhactive surface 130 containing analog or

digital circaitd"ipISehted as a6tive GBS Pastive dévices! eBndaciVeiayers and disfSetric layers
formed withitstheidie andwelectriealhsigtercomiected accarding] todtberelecttical design ard funttion of the
die. For exatmhple, tfg circgit ma incJEud(f one or more trgnsistors, diod%s, and other c'gcuit elements
W O er U STU umps conauctrtive ] Ste r wirebonds. .

formed within active surface toimp emenpaﬁalog cwcuﬁ‘s or dr%ﬁal cn’cu?ts, such as 8|g|tal signal
processor(DSPYaASIC, anémory, or fotlremsigrialprocessig. eifcuit Serpicenductordierl 22hmay also
contain IPDs, such as inductors, capacitors, and resistars, for, RF si nal.progessinq. In .one embodiment,

X 1 . !
semicon&juac%ora(%g 124 iggofﬁﬁc%:ﬁp%ﬁ/es égr%g:o%%%%rrq%jie?nd =C A:r{: él%%tric%iﬁ)? c%ﬁéﬁj&ive layer 132 is
formed oVéradtiveistrfaterk8tkasing PV D, YD ekeetrofdic platings electotessiplating process, or other

suitable mgtal QEBO?HRQBE%%eﬁi9(?”990@‘{%'%8?&%%88@5_’?&“%‘%@1‘8&8 layers, gEAl, Cu, Sn, Ni, Au,

Ag, or other suitable electrically conductive material. Conductive layer 132 operates as contact pads
electricalpvéonheleted] tothehtircaitson aeties surfaeargoents. In FIG. 4c, semiconductor wafer 120 is

singulated through savstreety126 ysing a:saw blade qrlager.cyiting tool 436ntosindividual ;
semiconductor die 124. FIGs. 5a-5miillustrate, in relation to FIGs. 2 and 3a-3c, a process of
forming &R&IWEC SPURiRH E8RGuEHVelayersethdddritutctive Irissefardted by polfimet layers. In FIG. 5a,

a substrate Qr garrier 140 contaips tempery Ok sacificialhasgnategal such as siligon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for structural support. In one embodiment, carrier

140 is a tapCtronicadfiviier RYer 42 isiotmedoverRarmsr 120 PoRiiedagér PA= a8 Be an oxide,

nitride, opglags matgrial. Aprlectyealbeganductivie fayer 14dis fermediwithingalymenlayge 142 using a
patterning and metal deposition process such as PVD, CVD, sputtering, electrolytic plating, and

electrolesplatifig FE8RductiveayeriF 63 bE Bngorihors Y ER TR F e, BACKRIRE A Or other

suitable elaetrisaliynconductive matefakposes Aftemparanreariishor substrate 146 contains sacrificial
base material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium

oxide, or other suitableﬁ%ﬁﬁ&&sﬁ?ﬁéﬁd#ﬁé’t&ﬁgl f sHaura stppoft Aninterace Yayeror dotble-sided
tape 148us toymeg-overrcanieidl4t-as agempatary adheswemondinghélnver etche

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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stop layer. In FIG. 5b, leading with polymer layer 142 and contact pads 144, carrier 140 is
mounted to Interface layer 148 over carrier 146. In one embodiment, polymer layer 142 is laminated to
Interface layer 148. Conductive layer 144 operates as an array of contact pads formed around a
perimeter of die attach area 149. Polymer layer 142 and contact pads 144 constitute an interconnect
structure. In FIG. Sc, carrier 140 is removed from polymer layer 142 by mechanical peeling in the

direction %?QHSWPS{EWylﬁé?Ia%r T42 Gt 'cohtadt PRSI e main Bffixet todhterfate fayst 148 and
carrier 146, Alterrativelyy carierdkdo-cambe remeved by chemical etehing, eMRiumechanicalgrinding,
thermal bake, UV light, laser scanning, or wet stripping to expose polymer layer 142. In FIG. 5d,
semicon&\&?@?&i@%ﬁyﬁ&lﬁ%l@?ﬁ%&c arehsu f#eﬂttﬁrbco?yr%gﬂﬁ%P1§§Wtﬂoé§ik}8%%ﬁace 130
oriented away fos thespolymed dayes usig & pickandplace dpreatiofe Semiganductor die 124 is
positioned over die attach area 1%9 within the array of contact pads 144. In FIG. 5e, a polymer
layer 154 is formed ovér'semicondtictor die ?2? 5?%/3 Hofmér I%élrefle. POREF Ayer 184 can be an
oxide, nitddeporglass maieralr A partior 0E palyiner layer tlbdcambe reraoved by an etching process to

expose con%{zla{:(t: %ggs %gg ljor subse ugnt electcrgecgl Inrtlertcé(?)(rgncggB Co (ijuF G. 5f, a Pl%rgllity of vias 156
is formed” t%roug pglymer Ifyer 54and 142 exten?ilng 6wn to contact pags 1A% usm% mechanical
drilling, lasex ckiling4 ordee reactive dor etching (DR, brFIiG. By viasal/s6 areofilleelowitly Al, Cu, Sn,

Z‘é cAt;Jo] QIQCJ%%“ ORIeN (-;RAlY-silicen, grathet suitgble electrically condyglive matgrigl ysing
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 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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plating, electroless plating process, or other suitable metal deposition process to form z-direction
conductive pillars or vias 158. Conductive vias 158 are electrically connected to contact pads 144.

FIG. 5h shows a top view of conductive vias 158 formed through polymer layer 154 around a perimeter of
semiconductor die 124 taken along line 5h-5h in FIG. 5g. An electrically conductive layer or
redistribution layer (RDL) 160 is formed over polymer layer 154 and conductive vias 158 using a

patterning Eha'metlf d8F6SitEN processiiich 3 printgy PYD, YD §dutteting? BltEtrolytic plating, and

electroless plating rGendugtiverlayersl 60-can be oneraidneredayerseeffAlsGu, SmnNsAk Ag, or other
suitable electrically conductive material. One portion of conductive layer 160 is electrically connected to

contact pal8 ABY Y- CondUchivs VRIS 58 Other pofioht of &dRduétiviiBfer160 E4F BEElectrically
common g electiicallydselated-depending on¢he designanstiuneten ef semiconductan diei 124

In FIG. Si, a polymer la eréez is formed overypoclyr&%r, layer 154 and conductive layer 160. Pol%/mer layer
162 can B4 BRICKIGR THHER, B GiASS Rraterikly BTN SFViaE 162Ts R POLGH SIime layer 162
extending dowade conductive layery160 sisingtmechkanicalrdrifling; laser driling, onB&RtRpas shown in FIG.

5]. In FIG. 5k, %iag 164 are fiIIedtWithi,%ldg:u §n Ni, Au, A%, Ti W,&ol;&gilicon, or other suitable

electricaIR/rc(:eo_ndﬁilJcﬁveC ?nmﬁgrrllaelnus?ng electr% %S %]faqurhlg?e e%Yr%Fe%s pa}atlngsﬁrsoc%@és’,'or other suitable

metal depesitiors pradess seforo zdlirection cenductive pilfars o &iaso166. Conductive vias 166 are

electrlcalllélu%ocr%néeég:}fﬁiét&condeufg\é%!:aé/er 168'@'3‘5' Ceeltasctrcl%%lyb%on uctl Iae/§£ é)éRuDsLi%(SS is formed over

polymer layer cohdluctive vias 166 using a patterning an nqgta?aeposmon proc%ss such as
printing, PYBrI3MD csputteriagtelestrdlytic ptatingnand efectrotessaplating. ' Conductive sayer &8 can be
one or mare layets.of Al. G4, S0, NLAY,AQG, of giher suitable glectjcally conductive, matgtial One portion
of conductive layer 168 is electrically connected to conductive vias 166. Other portions of conductive layer
168 can be eletridally conffion of efechically isolateddeendiiy ertferdesign and function of

senuconducKH(Me124FIGS. 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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In FIG. 51, an optional under bump metallization (UBM) 177 is formed over conductive layer 168. A solder
resist layer 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 coatiiy: SHEM BF tf%lrrcnay6xi@lﬁﬁoﬁcﬁ1e5i%sula@iﬁﬁﬁﬁfé%ﬂ%ﬁaiﬁﬁ oh& JFiRGrelAFErs of silicon
dioxide (%i03): slicenghitrieSiaNA), silican exyritiidel (SIOb) antalumpentexide (a20Qp), aluminum
oxide (Al203), or other material having similar insulating and structural properties. Polymer layer 162,
conductiV&vias W68, 80Addttive 15y&ro168 UBMAT- 4Rd phidbfort8istAYer 178 constitute an interconnect
structurecont ami ekl dra,isemicopductordieck2diaressingulated into individual Fo-WLCSP 172 using
saw blade or laser cuttin tool}%m. FIG. 6a shows_a cross-sectional view of Fo-%:/LCSP 172 after
singulation. The temporaryca eﬁi&@ﬁﬁﬁ%@ﬁaggfa%?ﬁ@ea?gJr mdved by chienfical &tehing,
mechanical peekoff 2CMP5amechanical gsindings thsrmiad bake nd¥dight;dasersscanaing? or wet stripping to

expose cgg&arcl:t pa(rjls &4§é £i11 An eéecotricaillé/ csoinrgucg\é% b&lmé) rgg%eeriﬂ (i_jsld%osite Qver UBM 177
using an evapgra%on, rlIectrrolyiLlc p?aﬁing?efé%tro?ess plaatlng, all drop, or screen printing process. The
bump matenal cahdbeAL B NifAusAg,lReBI, Cuckelgencanchtembmations thereek; svith an optional
flux solutico(glﬁ{:g(r:gxamglse, Sy%e Q}é%pgr@aterﬂ% ¢an be eutectic S /Pobr hieqjh-lead older, of Beafléfree solder.

o
The bump material is‘bonded to UBM 177 using a stitable attachment orcb%%%lllngaarocess. In one

embo_diméﬂRCthétb@WIpDMerﬁrisi reﬂ@ﬁved_tw_helamﬁgﬁﬂﬁeamféteﬂhtabbwﬂg nyeltirig pp_m@tici@m
spherical halls of bumps 1.76..In Some. applications, Qugps 178 are reflowied g secand time to improve

electrical’ contact to UBM™1/7. The bumps can also be compression bonded to UBM 177. Bumps 176
representoné e slifterédhett striettire thar'can e fowmnedsver UBNMA7Y2 using|mFo-WLCSP

172, semicondugtar dig 124 ig eleclrically coppeeted thigugh CQQ%'?@%%P&?%&@O gnd;168and

conductive vias 158 and 166 to bumps 176 and contact pads 144 for external electrical interconnect. The

array of cont&ctPasAYasandPbarnpsd 76CareTsifREd afouritha pefimetéosisenticBadifctéPdie 124. FIG.

6b shows, a o yiew of Fa-WL.CSP LeZ-with the agay of coptact pads 444 FOWLESR-172 is formed
without encapsulant or molding compound, as described in FIG. 1. Instead, polymer layers 142, 154, and

162 are forRES arothd-Semiconddctor BiE P24, ‘dbhduEfive REBRS116G B8 A6 8S ebhductivedfids 158 and

166, and gontact pads d444aprevide glactrical dsolation,ane strustuiral 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 prdvide fiexibREBARPAFHNgeméhtOptitng SreBated BtmipPpitcH itteased

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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I/O count, as well as reducing the height of Fo-WLCSP 172. 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 si%r:al transmission between

the FoWEESPE Hesintetéonndtt Tttt ite AP eapatitahcs 1 fadticea dndlsignaidntegrity is improved.

Reflection sieisei anrdicrosstalk ean bertedueed by matehingthe dnpedancel betwesnsemicgaductor die
124 and conductive layers 160 and 168, conductive vias 158 and 166, and contact pads 144 formed in

polymer RYERTAY, 1B50BREMEPNY €1 CHIGE8a-8P MbShrafe? inf flatiditta BTGS2 and 845-3¢, another
process afifopnifigid FeMELESRIwith conductiveslayersvaniteondugtive viasl separatediby polymer layers.
In FIG. 8a, a substrate or caﬁrbrie 180 c%ntains ttem orary or sacrificial base m§terial sugh asr?sélicon,
polymer, %%ﬂﬁfﬁfntﬁ ‘oxidd dr diridrLlitabfe 1BRECOS, gl ni&Rrialor SHUSPAKUppor it ons
embodiment, catierct8is atapeks on P@Bpalymen layeddB2ts farawad-evericatkér 180. Polymer layer
182 can b% an oxidaei, Onriltrigci,S %ra %Iggs r’rlat%gal. én ealecctg%%llé/econg#gtiv% Iayer 18(45 is f%rﬂed within
polymer i%yepfgf using a patterning and metal cféjpos]ltlon protess Such &s %‘(ﬁD, 5\75, Sputtering,
electrolyticiplating, arerélectreless plating. Sonductivestalyed 184 can behenesemmoredayersof Al, Cu, Sn,

NI, Au, Ag,or other siitable electrically copdugtive materialy .11, AJRMBOIATY GaiTier gr gyibstrate 186
contains sacrificial base material such as siYicon, poﬁymer, po(fyme?] composite, metal, ceramyic, glass,
glass epdxy, bepyllivin wxidey of bthersuitabletipwecdst rigid heatetialfor sagctaealsupporttAn Interface

layer or double-sided tape 188 is farmgd.over carrier 186 as a temporary adhesive bonding film or
etch-stop layer. In FIG. 8b, leading with polymer layer 182 and contact pads 184, carrier 180 is

mounted to Interface 18y&f 188 el edfrict 188N iirond eatsodivieAt polaieraydr B8Dsiaminated to
Interface layer 1,88. Copductive lpyen 184 operates 28 2MARY of,contactirads yaiformly,disposed over

substantially an entire surface area of polymer layer 182.
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. 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 down to contdtt pads 484 Fsing nfechanicat dfillingYigser dling, dr BRI a%Hown in FIG.

8e. In FIG 8f; viassh@6raredilled withs Ah LG, NivAY, Agetiz W, 1paly-silisoacamether suitable
electrically conductive material using electrolytic plating, electroless plating process, or other suitable

metal depdSifidr Brocedsid formi'd-direRfic Sondbctie 5ifars b Vs fod o EEvE Vids 188 are
electricaliyreornested tocaniaet ipass1 4 F1G3 89 showsa topeview of spaduetiveryas 498 formed over
contact pads 184 taken along line 8g-8g of FIG. 8f. An electrically conductive layer or RDL 200 is formed
over polyrir 15yer 182 ahdf tonduictive Vidd 198 fﬁéijh%a; §Stt§£'ncgt and ﬁiejtgl GEpEStion siocess such as
printing, RYDs €0\, .sputtening celectrolytio ptating ang electkote sssplating.acanguctive layer 200 can be
one or mg&eelat)‘/]e_;ris of Al, Cu, Sn Ni,e%u,t%g, qr other suital%)le electricallyl conductlive m?t%a(gial. One portion

of conductlveclayerC 5&& % éig(r:ltrrli%gﬁy Connected to conduc iic’/e?/rllasaﬁ@’. Sthsélrlﬁo?tf:o%s of conductive layer

200 can be electrically tonion of electrically dsolatedode penting 64 ¢he designantfuadtion of

semicondc%ctor die 124, ¢ JCn lf%f% 8hs a olgmer Ia%e{ 202 is formed over palymer lcaé/e 182 and
conductive Ira(fllérOI gog.agolimﬁ ayer 2ucalnnl%e an %%e, n?t(r:? e,ogr g%gse Fna%%gﬁ. Bglymeorﬁlayers 182
and 202, tondictive viad 198Jand corductivedayerc200icenstitdte an interconnect structure.

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. 1In
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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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 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 pluraiifFof \id$ 206 is formed through polymer layer 204 and 202 extending down to conductive
layer 200 using mechanicat dillingplaseeddlling, ariRRIEBJdhendas PO6are farmed arautgh-a perimeter of
semiconductor die 124. In FIG. 81, vias 206 are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-silicon, or
other suitabiteltttitcafy thntctive mat AP HShG CleGroNticHIaaTS, él@&?ﬁegééla(ﬁﬁﬁlbrocess, or
other suitable-metal deposition praeessitedoimandirectiioneanductive pillarsoriyas 208n€osductive vias
208 are electrically connected to conductive layer 200. eflﬁ; 8m shows a top view of conductive
€8

vias 208 format &rotifd senfi¥SHductsr die 124 ke Hong i BmIREIGEEE. 25 2" An electrically
conductivertayer orredistributiorplayer R&In210 isrformed ovee palyates fayet 204cand canductive vias

208 using a patterning and metal deposition process such as printing, PVD, CVD, sputtering, electrolytic
plating, a%ﬁ%ecﬂ% aﬁ%ﬁﬁg?éorfg&/ 2 aﬁ% B Shet s 1P4 coné%,&l% T

N r conta .
roléss p Ctive ayer can be one'sr more layers of Cus S, 'Ni, Au, Ag,
or other suitablecelectrically tonductive .material. One portion of conductive layer 210 is electrically

connected to contact p?dSEjf a conductiv% %/i 4%0%. SOther B%ﬂé’n of conglﬂctive IaX%r 2@10 can be

. . Cc,. carrl re n er .
electrically common or erfectrlcally Isolatedfdepen ing on the cﬂ‘e&gn and function of semiconductor die
124. 142 IipFI@ 8 anpolymepdayier X1 2iis fornredloverqolymer fayer 204 ahdconductive layer 210.

Polymer Jayer 212 can e an pxide, pitride, or glass material. A plurality of ¥ias 214 is formed through

polymer layer 212 extending down to conductive layer 210 using mechanical drilling, laser drilling, or
DRIE, asisHowif @G 8oer 148 anEIGa8p, vias 214 are filldewith Al Vel ysn CRiE ALe AgL 79, W,

poly-silicen, prathersuitable sgfcgi@ux conductive; materialpsing£lectralylic plasing. glggtroless plating
process, or other suitable metal deposition process to form z-direction conductive pillars or vias 216.
Conductivé g1 areelebificaly Bénndctéd Yo E6RAUCINE layst 299 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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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. Conductive layer 218 can be one or more layers of Al, Cu, Sn, 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 eIectricaIIX common or

electricaly/i85atétt dEP&ETTING bf TRe WESigh shdPRMCHSH of Semitondtictdr tie22. metal |n FIG. 8q,

an optionak UBM 2281s farmedsevercondugtive-layer 218 A selsledesistlayeri 22Q issfogned over
polymer layer 212, conductive layer 218, and UBM 228. A portion of salder resist layer 220 is removed by
an etching procesSto expysetontitictive fyel 238 3 UBM 28 or Bump fORRERGH 5 alifitional package

Interconnest.tAlternatively, lanuinsulating 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 insulatir‘FgI%yeggoﬁc’t in&orie EP%OQ@L ayer’s of 5 Csellé‘hflﬁ BiON, ‘%50 %1365, or other
material having simitar linsatirighand strodtusalqarogediesePolymerfayetr 242y conddctivieosias 216,
conducti\{file'qu%él%,alﬁBrl\lﬂ %ZZL%nandlpLQloto sist layer 220 constitute an interconnect structure. In
FIG. 8r, semicofductor die 124 are smgﬁla ad into individual FO2WLCSP 222 using saw blade or laser
cutting tool 224. FIG. ®shawsa trossasactionahdientofvfeo-WAYES P 22 2rafter singutatiore T he temporary
carrier 186 and In e r 188 are removed by chemical etching, hanigal peel-off, CMP,
mechanigclaal ‘\éerﬁdigl%gt(}errﬁw%ﬁ b}dge,%m%%tﬁgseerr &%ﬁ W]egr oe; %?gstrrl%%%ngaﬁ)ge)?:)éonseuccotn%gcet pads 184.
An electrically cohductivertsurap prdaterains tepesitedioverlUBNP228 tising arr evasoratiorselectrolytic
plating, eleciiolass.platiag, babisop.arqreen pynting pragess, [ue bump malerial gan be Al Sn. Ni Au,
Ag, Pb, B1, Cu, sofder, and combinations thereof, with an optional flux solution: For example, the bump
material e b evitertic $/Pbinigh-leaddlder oreddyrde Sdlferc Mhellsurmp materialds ®onded to
UBM 228, using & syitable agtachmgnt qy;bonding process. Inane-eghodimant, hebymp mateyal is
reflowed by heating the material above its melting point to form spherical balls or bumps 226. In some
applicatich¥ BuffpsvE26ralecrefliowed £86catrRIrtime to fhprvecBIECHESl contgdt to UBM228. The

bumps can alsp,be-campressionbended to UBM 228. Biymps 226 rgg@sgggag%%ofvi%egconnect
structure that can be formed over UBM 228. In Fo-WLCSP 222, semiconductor die 124 is

electrical{PConnetetFthrardh domdutive TaVERE 200V 216 2417 218 An8TdnBEchfeSdas 1981 238, and

216 to bursp 226 and.eontact pads 1184:for extestal electricalintesconnest. Jihe: array gfcontact pads
184 and bumps 226 are formed over the full surface area of FO-WLCSP 222. Fo-WLCSP 222 is formed

without ehEapSuiant HmaRNGEOMBEGRT, &5iGescribed in FIG. 1. Instead, polymer layers 182, 202, 204,

and 212 are formed around semicondugtasstie he4, aenguective layess 200m210,ansk-213, cpReductive vias
198, 208, and 216, and contact pads 184 tq provide electrical isolation_and structural support. Polymer

layers 1859385, 304 2 £ RSN BE F8imed With 168 heighPthdhthe Ehtapsdiant fotMdif thé prior art.
Accordingly; pelymer dayets 182 202 2204, a2 iZaprovide flexikle biurgp arangement aptiens, reduced
bump piteh, increased /0, count, as well as reducing the et of FOaVECP 2224 uctive

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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Fo-WLCSP 222 is suitable for PoP applications as shown in FIG. 10a with Fo-WLCSP 230 stacked over
Fo-WLCSP 222. In FOWLCSP 230, semiconductor die 231 is mounted to semiconductor die 232 with die
attach adhesive 234. Semiconductor die 231 and 232 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 éX4miplB the&rcult &Y Inclide?Ofe BPRIBE tranSistord Sdibaigs “and'8tiér circuit elements
formed withintheradiiye shfage ta Implementanaiogeiscuitsor digital e cpits, suchas BB, ASIC,
memory, or other signal processing circuit, Semiconductor die 231 and 232 may also contain IPDs, such
as inductols) ’caﬁaB%&'%F ARG reidiore O RE SigharirbR8ssiAg BEIT Wirt8 Y38y 238 B electrically
connecteddadontact pads wersemigonductoe diend3loanch232, nespectively. An encapsuant 240 is
deposited over semiconductor%e 231 and 232 and bond wires 236 and 238. A build-up Interconnect

structure 242 S0t ovér SEmMichndUctsPdie®232 5 BhEadsilam 4! Semicoldlctor die 232 is
bonded tortrterconnesh sisicturen 242 withedie ajtach aflhesive 285c Bohdaniigs 236 and 238 are

electrically connected through Interconnect structure 242 to ctf;um s 244, which.in turn are electrically
Comectet i LAk padts 164 of Fo WL 5P 353 Bl Sortuctay G 531 and 235 fent Sfs i 240, and
Interconneet stracture. 242 tpnstituteoa semiedrwlictorqackage skl tkdh shovesid trgssesedtional view of
contact p 184 and palymer layer 182 taken thrqugh line 10b- in FIG. 10a. The electrical
signals bgtgvx%ele%nFSWLgélﬁcﬁzygng oWE‘éggn%b g’roerro%tleed to%u'gh the array of contact pads 184
and bumps 244. Sinceno §dl@ wifelbords are-dsethfor sigiat transmissiorebetweenithe FOIBUCSPs, the
Interconnegt Inductanae and.capacitange is teduced and sigal integty is mpraved, Reflection noise and
crosstalk can be reduced by matching the Impedance between semiconductor die 124 and conductive
layers 200,2105 ahe218] corguctive izs 198 2368, ahel216 ardusontact perlissr84lfoPmed!ia polymer
layers 18252027204, a0d 212. 5 o, ¢ FIG; ha,shows;another RoP copfiguration withFe-WWLESP 248
stacked over Fo-WLCSP 250, similar to FIG. 6a. In FoI-WLCSIg 248, semiconductor die 252 is mounted to
semicondUctoridie 252oNRT Bic-atacHradife i 256 tSermicbhdaEtot dfe 252 BRY 254 edchrhave an active

surface cgpfaining.analog,ar digitalcircuits implemented as;agtive deyices, passive devices, conductive
layers, and dielectric layers formed within the die and electrically Interconnected according to the

electricalfdesffifand fificlion 3t thé diel Fot BRample) RS tirelit ArayiAEfite bhefGrimere fdkdistors,

diodes, apdathercicutalements fosmedwithja the, aetive siface e lmmlement anralag cirouits or digital
circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 252 and 254
may alsocoMtaiRIPDBs8Gch &8 iMHUCES s CapaciBrs AndI@Sisttts, fof B2 Sighal Prodessit? Bond wires
260 and 262 are elegetricatly connected e cgntacy pads entsemisonciuctor-dig2e2 and,294, respectively.
An encapsulant 264 is depaosited over semiconductor die 252 and 254 and bond wires 260 and 262. A
build-up fitertGhRecstrititie 26616 fornted v&r semichndbctdrdid 982 afid 259 dhd encapsulant 264.
Semiconduston diei2k4 isdianded todnatescannest strustuse 266 wvithodie attach iadhesivei2t8. Bond wires
260 and % %1?(5% Salectricall)ék(l:onnectgd throij h Interconnect Jszt%%cture 2§6tto bumaps 68, which in turn
are electrically conhetfed"to contact p%rdéam of Fo-vi'cSP . Séhiconductordie 252 and 254,
encapsulant 264, ardll Intercpamedtestructire RGteconktitute alseimiconddator paekagea &1Gokh shows a
cross-sectional view of contact 1 lymer layer 142 taken through lin b-llb in FIG. ha.

The eloct e oA DOheh FLAT G hg M WL LS 60 ot roted Thibugh the artay of
contact pads dd4taricecbamps 268r Sinceend: geldrwire bords are used for signal transmission between the
Fo- WLCSPs, the interqannestindugtange, and gapaciignee, s efluged and signal infeariy jg improved.
Reflection noise and crosstalk can be re uce(j)By matcﬁlng the |mpe3ance between semiconductor die
124 and é¢onductideddyers-160GH 168, conductiveaviab 158carmr 166, %8 cortadtpadserd4 formed in

polymer I?yﬁr.s 1%&5%&”914&%5 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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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. 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; mounting the first polymer
layer to d Mﬁ%néprlpplng to expose contact pads 144

An electrically conductive bump material is deposited
over UBM 177 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to UBM
177 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 176. In some applications, bumps 176 are reflowed a
second time to improve electrical contact to UBM 177. The bumps
can also be compression bonded 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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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 with the first conductive vias electrically connected to the contact pads within
the first polymer layer; forming a first conductive layer over the second polymer layer and electrically
connected to the first conductive vias and semiconductor die; forming a third polﬁmer layer over the

second pblyfm&IEYEr afFfirst Londdctivedayermd tfb‘?nﬁ‘r?dﬁ@?urﬁﬁty% SBEGAE corductive vias through

the third polymer layerandiglectricalty>cannestad tothe first-conduetive layerpa ckagaingrsgcond
conductive Ia?v]er over the third polymer layer and electrically connected to the second conductive vias;

and  fORRhGGEfirsP tercORRBcrstrutiTebvEr the third polYrhel 1dyRr AHt Secdrd cBhaG&R layer.

over Fo-WLCSP 172. Fo-WLCSP 178 is configured similar to Fo-
WLCSP 172. The electrical signals between Fo-WLCSP 172 and Fo-
WLCSP 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 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.

FIGs. 8a-8r illustrate, in relation to FIGs. 2 and 3a-
3c, another process of forming a Fo-WLCSP with conductive layers
and conductive vias separated by polymer layers. In FIG. 8a, a
substrate or carrier 180 contains temporary or sacrificial base
material such as silicon, polymer, beryllium oxide, or other
suitable low-cost, rigid material for structural support. 1In
one embodiment, carrier 180 is a tape.

A polymer layer 182 is formed over carrier 180.
Polymer layer 182 can be an oxide, nitride, or glass material.
An electrically conductive layer 184 is formed within polymer
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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2. The method of claim 1, further including forming the first conductive vias around a perimeter of the
semiconductor die. 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"2 BBftioht6F thBSisttating layBr fo explosetthe $626Ad CBRANCtVRIAYer: ARl = f6ifing a
plurality ofibuspseventhe axpesedseeenrd conrdugtiverayesr G I hegnethoe falaign 1, further including:

support. An interface layer or double-sided tape 188 is formed
over carrier 186 as a temporary adhesive bonding film or etch-
stop layer.

In FIG. 8b, leading with polymer layer 182 and contact
pads 184, carrier 180 is mounted to interface layer 188 over
carrier 186. 1In one embodiment, polymer layer 182 is laminated
to interface layer 188. Conductive layer 184 operates as an
array of contact pads uniformly disposed over substantially an
entire surface area of polymer layer 182.

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 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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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: roviding a first polymer layer including a plurality of contact pads

formed WiRRTtheFir&fi58lyheY fyet:rhodhtng tefitst paigmet fay el Bver alcadriér;

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 plurality of first conductive vias through the first polymer layer and electrically connected to the
contact pads; forming a first conductive layer over the first polymer layer and 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,plur%g]yﬁof second conductive vias through the second and third

polymer 2988 & id Bfecltichliy tBnASCtEd 36 e first coRGGtveI4Fer? + 2 Sforfhing'aSecond conductive

layer oves the-thirdpalyrRrer ayes and eledricalyconnected toithe segond conductive vias and
semiconductor die; forming a fourth polymer layer over the third polymer layer and second conductive

layer;  forming a pldrafity of Thifd'€8duttiveRias hfordh e ¥duth pofynieriayéland Bidteitally

connectegttodhe seeand codductive layes; 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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forming a third conductive layer over the fourth polymer layer and electrically connected to the third
conductive vias; and forming a first interconnect structure over the fourth polymer layer and third
conductive layer. 9. The method of claim 8, further including: 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 incI,udin%:formin the second conductive vias around a perimeter of the semiconductor

die. 11. FREWEthAd Bf LRYAS, WhHer&ifToRfingtRe fitstirtefcdrmeet stri&ufe mctdtres®? s forming an
insulatingilayen ayenthe feurth pebsmerdayenand thirdcondustive layehduct ive 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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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 fir3F BoRiter8yer aHer Cthactpads, 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 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/O 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. In 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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14. 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; mounting a
semiconductor die over the first polymer layer; forming a second polymer layer around the semiconductor
die; forming a plurality of first conductive vias through the first and second polymer layers and
electrically connected to the contact pads; forming a first interconnect structure over a first surface of

the secoffd pBIyfefFayet dtd-eidetricaiy 86 ead 1o the firsEEGnAttive Vidd ihadt  forming a second
interconnect stiuetyre Ayar-mseeend siwface-afithe second polymerdayer eppositedhe first surface and

electrically connected to_the first conductive vias. . S ,
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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15. The method of claim 14, wherein forming the first interconnect structure includes: forming a
plurality of second conductive vias through the first polymer layer and electrically connected to the contact
pads; forming a conductive layer over the first polymer layer and electrically connected to the second
conductive vias; and forming a third polymer layer over the first polymer layer. 16. The method of claim
15, further includin forming the second conductive vias under the semiconductor die; and forming

the contac? Pads hﬁae@ﬂ‘% icoRGUEBFEEYeL7 THe rhéthod* S tiaift £4 MRerefiffbrming the second
interconnest stiuetureinslutes: rortrming afirsteenductive fayer oyer thepsecond, palyiaer layer

electricallﬁll%o.nnected to the first conductive vias and semiconductor die;

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. 11b
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 a third polymer layer over the first polymer layer and first conductive layer; forming a plurality
of second conductive vias through the third polymer layer and electrically connected to the first conductive
layer; and forming a second conductive layer over the third polymer layer and electrically connected to
the second conductive vias. 18. The method of claim 14, further including forming the first conductive
vias around a perimeter of the semiconductor die. 19. The method of claim 14, further including:

providing a semicondultt patkage: msdntig e semicbigtctof palitdgeFto4fie WEESH and
electricallyr conmegting the semiconductor pagkage to ther\W: CSP thwaugh the fikst intarconnact structure

or second interconnect structure. , ,
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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20. A wafer level chip scale package (WLCSP), comprising: a first interconnect structure; a plurality of
contact pads exposed on a first surface of the first interconnect structure; a semiconductor die
mounted over a second surface of the interconnect structure opposite the first surface; a first polymer
layer formed around the semiconductor die; a plurality of first conductive vias formed through the first
polymer layer and electrically connected to the contact pads; and a second interconnect structure
formed over a surface of the first polymer layer oﬁﬂ&s’r@sthe first interconnect structure and electrically
connected between the first conductive vias and the semiconductor die. 21. The WLCSP of claim 20,

wherein the first interconnect structure includes: a second polymer layer with the contact pads formed
within thé"8&dordpSly et ier:
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;

mounting 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 with the first conductive vias
electrically connected to the contact pads within the first
polymer layer;

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

forming a second conductive layer over the third polymer
layer and electrically connected to the second conductive vias;
and

forming a first interconnect structure over the third

polymer layer and second conductive layer.
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a plurality of second conductive vias formed through the second polymer layer and electrically connected
to the contact pads; a 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. 22. The WLCSP of claim 20, 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 semiconductof dig=tRog sefofid pdlymer 1ayerfofhed dverthe st FORIMRY Idyet ahtiTitst

conductiveslaygkt i va plaraditysefsecond cesdugtivevias formed tuaugh the.secondjpelymer 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.

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 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:
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23. The WLCSP of claim 20, 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. A method of making a wafer level chip scale package (WLCSP), comprising: providing a
first polymer layer including a contact pad formed within a first surface of the first polymer layer;

mounting a semiconductor die over a second surface of the first polymer layer opposite the first surface;

forming a second PolyMar fayer bYErthe i st PEIymer Yfer R s&tiedndudtdrdielahd °fforming a first

conductive-viadhroughdbe fisstipalymer layer and seeend pplymerdayerangkglectrically connected to the
contact pad. 25. The WLCSP of claim 24, further including forming an interconnect structure over the

second polymer18Y&-eiB8tricAfy Edrridcte® to/ e firsPE6HdUtYive via SAd tHE Sémiconductor die.

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

forming a first conductive layer over the first polymer
layer and 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 and electrically connected to
the first conductive layer;

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

forming a third conductive layer over the fourth polymer
layer and 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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26. The WLCSP of claim 25, wherein forming the interconnect structure further includes: forming a
conductive layer over the semiconductor die electrically connected to the first conductive via and the
semiconductor die; forming a third polymer layer over the conductive layer; and forming a second
conductive via through the third polymer layer electrically connected to the conductive layer. 27. The
WLCSP of claim 24, further including forming an interconnect structure over the first polymer layer
electricalfy-connEtfed @ thetortact pad™ 28. ThHe"WLESP B diEfi 27 : wherein forming the interconnect

structure furtherdpeldeles: 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 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:
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forming a third polymer layer over the first surface of the first polymer layer; and forming a second
conductive via through the third polymer layer electrically connected to the contact pad. 29. The WLCSP
of claim 24, further including forming a third polymer layer over the second surface of the first polymer
layer prior to mounting the semiconductor die. 30. The WLCSP of claim 24, further including mounting a

semiconductor package over the WLCSP. , , ,
providing a first polymer layer including a plurality of

contact pads formed within the first polymer layer;

mounting a semiconductor die over the first polymer layer;

forming a second polymer layer around the semiconductor
die;

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

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

forming a second interconnect structure over a second
surface of the second polymer layer opposite the first surface

and electrically connected to the first conductive vias.

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

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

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

forming a third polymer layer over the first 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 second

interconnect structure includes:
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forming a first conductive layer over the second polymer
layer electrically connected to the first conductive vias and
semiconductor die;

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

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

forming a second conductive layer over the third polymer

layer and electrically connected to the second conductive vias.

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

conductive vias around a perimeter of the semiconductor die.

19. 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.

20. A wafer level chip scale package (WLCSP), comprising:

a first interconnect structure;

a plurality of contact pads exposed on a first surface of
the first interconnect structure;

a semiconductor die mounted over a second surface of the
interconnect structure opposite the first surface;

a first polymer layer formed around the semiconductor die;

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

pads; and
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a second interconnect structure formed over a surface of
the first polymer layer opposite the first interconnect
structure and electrically connected between the first

conductive vias and the semiconductor die.

21. The WLCSP of claim 20, wherein the first interconnect
structure includes:

a second polymer layer with the 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 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.

22. The WLCSP of claim 20, 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.

23. The WLCSP of claim 20, further including a semiconductor

package mounted to the WLCSP and electrically connected to the
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WLCSP through the first interconnect structure or second

interconnect structure.

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

providing a first polymer layer including a contact pad
formed within a first surface of the first polymer layer;

mounting a semiconductor die over a second surface of the
first polymer layer opposite the first surface;

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

forming a first conductive via through the first polymer
layer and second polymer layer and electrically connected to the

contact pad.

25. The WLCSP of claim 24, further including forming an
interconnect structure over the second polymer layer
electrically connected to the first conductive via and the

semiconductor die.

26. The WLCSP of claim 25, wherein forming the interconnect
structure further includes:

forming a conductive layer over the semiconductor die
electrically connected to the first conductive via and the
semiconductor die;

forming a third polymer layer over the conductive layer;
and

forming a second conductive via through the third polymer

layer electrically connected to the conductive layer.
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27. The WLCSP of claim 24, further including forming an
interconnect structure over the first polymer layer electrically

connected to the contact pad.

28. The WLCSP of claim 27, wherein forming the interconnect
structure further includes:

forming a third polymer layer over the first surface of the
first polymer layer; and

forming a second conductive via through the third polymer

layer electrically connected to the contact pad.
29. The WLCSP of claim 24, further including forming a third
polymer layer over the second surface of the first polymer layer

prior to mounting the semiconductor die.

30. The WLCSP of claim 24, further including mounting a

semiconductor package over the WLCSP.
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