SEMICONDUCTOR DEVICE AND METHOD OF FORMING TMV AND TSV IN WLCSP USING SAME
CARRIER Field of the Invention The present invention relates in general to semiconductor devices
and, more particularly, to a semiconductor device and method of forming TMVs and TSVs in a WLCSP in
the same direction during the same manufacturing process using the same carrier. Background of the
Invention Semiconductor devices are commonly found in modern electronic products.
Semiconductor devices vary it HesrANBeraed dREYRFEr AL NEFERR3hents. Discrete semiconductor
devices generally corﬁgmyﬂg‘{)f@]&tﬁlﬁf cbth %ﬁ’, é?ﬁ.l,tﬂahls tirﬁ:@ﬁ%{i@’(LED), small signal

transistor, resistor, capacitor, inductor, and power metal oxide semiconductor field effect transistor
(MOSFET). Integrated semiconductor devi£§§ tLyfpic?llg contain hundreds to millions of electrical
components. Examples of integrated Seheoh@ictsPFeiEEERERRR microcontrollers, microprocessors,
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

Semiconductor dewce%ggrform a Wlde,rangg of functlngtsuch as hl%h-esge?d 1g:alculatlons, transmitting

P resen inv 10N, I e 1Ln 11 . O . ..
and receiving electromagneﬁc S|gnan, controlﬁng electronic devites’ rans?ormlng sunlight to electricity,

and creatirgn Visuabprojections fartetevision disptay sp Semicariductgr, devices arerfound du theofields of
aﬂeﬂmngg@}ce and method of forming TMVs and TSVs in a WLCSP in the
same direction during the same manufacturing process using the

same carrier.
Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor

devices are found in the fields of entertainment,



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the

application of an electric field or base current or through the process of doping. Doping Introduces
impuritie$ 8 e Sérhicontluctor irdte FAFtBThERpUrate aht Cohfrol theBdhdeEvitydfthe semiconductor

device. consufeserpiconduetor devier Loptaing activejand passive electrical strustures, Active
structures, including bipolar and field effect transistors, control the flow. of electrical current. By varying

levels of BopihgHnd Appiication bPAR eléctié fidd or HEe A fent Sthe thHERtor Gither promotes or
restricts therflomo ofieleetricaheursariti Passive stidetutes, including resistors, capacitors, and inductors,
create a relationship between voésta e and current necessary to perform a variety of electrical functions.
The passive and active’STFI&ERS uggoéegtﬁgélﬁﬁéorﬁf%?jég to forfn Girctits ™ \K’/ﬁ%ﬂﬁ enable the
semicongucipredevies tooferferm highdspeet-calewlatianrd and other useful functionscture of
Semiconductor devigg%gre generallgin% Lif%cturedlgsiggév(\:/glpomﬂex macrﬂu%c.turjn p£oce$ses, ie.,

Semlcon r terl S, 1 1 CO 1 16% e
front-end manuf%c%nng, and back-end manu acturing, each mvo?vmg poflen ia yﬂun reds o steps.

Front-encharainuidcturng hwotves thedorimatiaroof @ plurality of dieror tHe sudace-ofa semiconductor
water. Each dig is typically identical and contains cifguits formed by gloctrically connecting active and
passive components. Back-en manu?a&urmg fnvo?ves Sl ngI ting

impurities into the semiconductor material to manipulate and

control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and

contains circuits formed by electrically connecting active and

passive components. Back-end manufacturing involves singulating



individual die from the finished wafer and packaging the die to provide structural support and
environmental isolation. One goal of semiconductor manufacturing is to produce smaller
semiconductor devices. Smaller devices typically consume less power, have higher performance, and can
be produced more efficiently. In addition, smaller semiconductor devices have a smaller footprint, which is
desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end

process reStMgIH dte ith shiamlr Highérdermdityhctivd ShdPussRRCGHHpORertS SBEdEeh@ processes
may resultrin-sendcenductendeyvices pagkagesanith asimallenteotpent bysimprevements in electrical
interconnection and packaging materials. | Semiconductor devices often require vertical
interconnect structures? 161 S&ipl8 TwREA SEKHY d&VicBS ot efidigntiRtegratid ThedlBEfical
interconnection betweer semitontuetos devices,. sucimas fan-odiewates teve) shipsscaje package
(FO-WLCSP) contaigin semiconductor diqéé?g&rgulti le levels and external devices can b(g acc(g.)mplished

with conductive Tiirough silfedh Vids ), CiVRThISUGIAGIE vidd (THA? cBRdB&Rethistigh mold
vias (TMY ) Cu-plated tenductive piltarsgarnid conduciive bmps hesenduticad intercohnest structures

are costly and time consuming during the manufacturing process, and susceptibje to defects during
formatior%? ave 4 g %%?Tﬁ:ﬂla?r?%tg gﬁlﬁSPW%lecglonl Uctive geforgr%d #Ps%%ﬁgr t%ns(?ngulation while
in wafer formdusing a first cawier or supposti TherconduetiviecTiVRAisdolmed fateoinche iprecess, after

encapsulgion.ising a different,carier for support, Abuidsup Infereonpect structyre s ypically formed
over the semiconductor die.”Additional processing steps are required to form vias inthe build-up layers to

reroute TS Nfor Wemdnh@e_ti@mb thesgpper semmm@r.de\_ﬁ@e;Wterommgdsvgﬂn ey _
semicondyctondie, gondyetive yias must he farmed in e passiyation layer oyerthedSYs to glectrically

connect the ISVs to upper conductive layers. Sincethe ISV and IMV are formed by separate processes
on differepif camigrspieanasufacturihgProcessiretjuires paoreatine anartiadl aeksteps dwhich adds cost
and greaferriskof jntroducing defects in the semiconductor device or the entire wafer. For example, since

the ISV are formed while in wafer form, the semiconductor wafer is subject to damage. Summary of the
Invention Semiconductor devices often require vertical

interconnect structures, for example, when stacking devices for
efficient integration. The electrical interconnection between
semiconductor devices, such as fan-out wafer level chip scale
package (FO-WLCSP) containing semiconductor die, on multiple
levels and external devices can be accomplished with conductive
through silicon vias (TSV), conductive through hole vias (THV),
conductive through mold vias (TMV), Cu-plated conductive
pillars, and conductive bumps. These vertical interconnect
structures are costly and time consuming during the
manufacturing process, and susceptible to defects during
formation.

In particular, in a WLCSP, the conductive TSV is
formed first, prior to singulation while in wafer form, using a
first carrier for support. The conductive TMV is formed later
in the process, after encapsulation, using a different carrier
for support. A build-up interconnect structure is typically

formed over the semiconductor die. Additional processing steps



A need exists for a simple and cost-effective process to form ISV and IMV in a WLCSP. Accordingly, in
one embodiment, the present invention is a method of manufacturing a semiconductor device comprising
the steps of providing a temporary carrier, mounting a semiconductor die over the temporary carrier,
depositing an encapsulant over the semiconductor die and temporary carrier, forming a first insulating
layer over the semiconductor die and encapsulant, forming a plurality of first vias throu%h the first
insulating'lyef 8A4 SERficrtivttoTti& Wile Molhtedy Jtﬁr@fé%ﬁp&r%)‘?ﬁérrﬂ’e?, fofrhftiy & plurdlity of
second viasrthieugh-therfiistipsulating layes angrncapstlanbwhile the serticonductor gie is mounted to
the temparary carrier, depasiting electrically conductive material in the first vias to form conductive ISV,
depositinB%EEtH@alEﬁé’o%dH&tiG%%a?t%ﬁ%Fiﬁfﬂﬁél8586ndj€zi%s t6 PO ErdiSetve ARV 15imiRG a first
interconnest stedcture ever the Jisstiasulating layer andeleatrieallynonnestesitoc thei eendugctive ISV and

conductive IMV, removing.the temporary carrier, and forming a second interconnect structure over the
semicondURRBIFUs ariFercabSunt BBBGSte e HSE MitcomaR Structthd hdeiscticaly Sshnected to
the condaotived 5% d@nd ceadustiveddilate prdoansthere@mbbdimentthe psesentirsentiba is a
method ofén%r}uf%%tgggﬂgae serrgigggdu%tgr gg\éig% cggnrpéis%niqntge %e[%ségggrlovidi%% asctaerri%r, mounting a
semiconductor die over E)arrier, dseposﬁlng an encapsulant over the Semiconductor die and carrier,
forming avplurdlitya dbfirstvials throlighrthe tsemicarsductdr die whilkdunounteddaddhe sarrierfoeming a
plurality of second vias through the encapsylant n the_same direction,as the first vias, depositing
electricalfy conductive material in the first vias to form first conductive vias and in the second vias to form
second cbhdudti/é vas, formingda fitst irterconnectestructunre, over¢he encapswlanttand eletgically
connecteg fo ggggiésggoggugtgwa\éigs. and second conductive vias, removing the carrier, and forming a
second interconnect structure over the encapsulant opposite the first interconnect structure and
electrically connected to the first conductive and second conductive vias. In another embodiment,
the present invention is a method of @apmiaciurig @ gRemicRpdiCciy flevice comprising the steps of
providing a carrier, mounting a semiconductor die over the carrier with an active surface of the
semiconductor die oriented toward the carrier, depositing an encapsulant over the semiconductor die and

carrier, removing the carries formingsa first intercannect structyre-gver the encapsyapt-and active surface
of the semiconductor die, forming a plurality of first vias thrOL\;?h the semiconductor die and a portion of

the first ift@rdotiect strutire, 18ihg pltiFaiity of sécoreRdas thrdugh theBficaisefaht&fidta portion of

the first inteEconnest structyresinithe,same dirgctionas the fikstviasdepositingelectrically conductive
material in the first vias to form first conductive vias and in the second vias to form second conductive

vias, andToPMMg e 8ESSHd MEereGRnER St RIre Dvel thelsiddpstifart opposité theffirst interconnect
structure anigeeetricaliseennactechtaitheifitst eonduetive viasand secandeenductve vias. In
another embodiment, the present invention is a semiconductor device comprising a semiconductor die
and encapSlRAE YEBoSItEd 6verthe SRcINdUE LG HIE A Tirst tondbc Ve Viais formed through the
semicondustarcdiedAsesond tonduectivesvia ds- torgnecthrough, thecencapsulant incdthie same direction as

the first conductive, via. A first interconnect structure is formed oyer the enca sulant land electrically
1qs% a%lq% laﬁer over éﬁe seglco% uctor. Ae an eﬁ?%?su apt .
connected to the first condtctive via and second conductive via.” A'second interconnect structure is

formed o¥ertherencapsulant oppgsitefthéifirsttintereennect stryoturé and etectricallyudarnniected to the first
ConduCti\iea\ggrangn%ecs?&gicggrqggtci: eo\r/iadie while mounted to the temporary
carrier, forming a plurality of second vias through the first
insulating layer and encapsulant while the semiconductor die is
mounted to the temporary carrier, depositing electrically
conductive material in the first vias to form conductive TSV,
depositing electrically conductive material in the second vias

to form conductive TMV, forming a first interconnect structure

over the first insulating layer and electrically connected to



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages
mounted to its surface; FIGs. 2a-2c illustrate further detail of the semiconductor packages
mounted to the PCB; FIGs. 3a-3j illustrate a process of forming IMVs and ISVs in a WLCSP in the
same direction during the same manufacturing process using the same carrier; FIG. 4 illustrates the

stackable WLCSP with IMVs and ISVs; , ,
the conductive TSV and conductive TMV, removing the temporary

carrier, and forming a second interconnect structure over the
semiconductor die and encapsulant opposite the first
interconnect structure and electrically connected to the
conductive TSV and conductive TMV.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a carrier, mounting a semiconductor die over
the carrier, depositing an encapsulant over the semiconductor
die and carrier, forming a plurality of first vias through the
semiconductor die while mounted to the carrier, forming a
plurality of second wvias through the encapsulant in the same
direction as the first vias, depositing electrically conductive
material in the first vias to form first conductive vias and in
the second vias to form second conductive vias, forming a first
interconnect structure over the encapsulant and electrically
connected to the first conductive vias and second conductive
vias, removing the carrier, and forming a second interconnect
structure over the encapsulant opposite the first interconnect
structure and electrically connected to the first conductive and
second conductive vias.

In another embodiment, the present invention is a
method of manufacturing a semiconductor device comprising the
steps of providing a carrier, mounting a semiconductor die over
the carrier with an active surface of the semiconductor die
oriented toward the carrier, depositing an encapsulant over the
semiconductor die and carrier, removing the carrier, forming a
first interconnect structure over the encapsulant and active
surface of the semiconductor die, forming a plurality of first
vias through the semiconductor die and a portion of the first

interconnect structure, forming a plurality of second vias



FIG. 5 illustrates the ISVs electrically connected to the active surface of the die; FIG. 6 illustrates

the encapsulant covering the back surface of the semiconductor die; FIG. 7 illustrates the IMVs
and ISVs conformally formed in the vias and then filled with photoresist material, FIG. 8
illustrates bumped semiconductor die mounted to contact pads on the carrier; FIG. 9 illustrates

bumped semiconductor die mounted to contact pads on the carrier and the ISVs electrically connected to

the activé StfEcE of the digsaPsulangng iflusthates Buinfpled Semitondiictor B mBLRRG o contact

pads on thercasrierwith tindgdillypateriak rect i on RG. Lhdlustrates ysing theylgwerauildqup

interconnect structure as support to form the IMVs and ISVs during the same manufacturing process in
&ﬁ&ﬁﬁhcaﬁ&y conductive material in the first wvias to form first

the same™
conductive vias and in the second vias to form second conductive
vias, and forming a second interconnect structure over the
encapsulant opposite the first interconnect structure and
electrically connected to the first conductive vias and second
conductive vias.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and
encapsulant deposited over the semiconductor die. A first
conductive via is formed through the semiconductor die. A
second conductive via is formed through the encapsulant in the
same direction as the first conductive via. A first
interconnect structure is formed over the encapsulant and
electrically connected to the first conductive via and second
conductive via. A second interconnect structure is formed over
the encapsulant opposite the first interconnect structure and
electrically connected to the first conductive via and second

conductive via.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
semiconductor packages mounted to the PCB;

FIGs. 3a-3j illustrate a process of forming TMVs and
TSVs in a WLCSP in the same direction during the same
manufacturing process using the same carrier;

FIG. 4 illustrates the stackable WLCSP with TMVs and



FIG. 12 illustrates stacked WLCSP interconnected by the IMVs, ISVs, and interconnect structures.
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
alternativesmodifications, and equivalents as may be included within the spirit and scope of the invention

as defined by the appended claimsiang theireeguivalentsias suppertedyithe followdng disclosure and
drawings. Semiconductor devices are generally manufactured using two complex manufacturing

processes ffoftend manifddGing Andbackent manufacturing. Front-end manufacturing involves the
formation of a plurality of die @n the suface-efsa samiconsustor wafer. &zagkrdia onthe wafek contains
active and passive electrical components, which are electrically connected to form functional electrical
circuits. &é‘f aeﬁgctﬁ%altgb?nﬁéeﬁféﬁg,nsu%ﬁtéjsrtrﬁsﬁétors and diodes, have the ability to control the flow
of electrical current. Passive éledtricaktomperentscsutivas eapacitovs, indudtorsyaasistors, and

ransformers, ergate,a eiationship between.voliage and cument fecessan{o perfarm electrcal circut
functions. assive and active componen%s are formed over the surface of the semi€onductor
wafer by a series of prédess steps inctudiag depingndeposition,qahoiolithography, etchimgeando

planarlzatlgﬂ.tlg Elnﬁéﬁtrod%e&lmpuntles into the semiconductor material by techniques such as ion

implantat?on or ther diffusion. ?hg%ﬁn%rﬁrocess modifies the electrical conductivity of semiconductor

materia_ll in active d_evio“eé@t*aﬁ_sfbmm@tthemib@ﬁ@tﬂﬂoﬁm@mwgmﬁnsldlatdnpmt@p or
dynamically, changing.the sgmicanductar magerig| ¢opductivity in respanse 10 an elecyig field gr base

current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable thedtrdiisisteF tol grontote 'or ¢estri€t thesfloW: of electrical current upon the application of the electric

field or base current. FIG. 10 illustrates bumped semiconductor die mounted
to contact pads on the carrier with underfill material;

FIG. 11 illustrates using the lower build-up
interconnect structure as support to form the TMVs and TSVs
during the same manufacturing process in the same direction; and

FIG. 12 illustrates stacked WLCSP interconnected by

the TMVs, TSVs, and interconnect structures.

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



Active and passive components are formed by layers of materials with different electrical properties. The
layers can be formed by a variety of deposition techniques determined in part by the type of material
being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor deposition (PVD), electrolytic plating, and electroless plating processes. Each layer is generally
patterned to form portions of active components, passive components, or electrical connections between

componehts: 1 oWing FheSRyers ddh BEPatteAteti¥ing photolithography, which involves the deposition

of light sensitive materigdg. 8o Rhetaresist Over the layer t-be patterneada Augattern is transfengd from a
photomask to the photoresist using light. The portion of the photoresist pattern subjected to light is

removed g8 8BIVeRt, BXPOSMT portiors Bf theTitfetIying 189 tobe Patternadtthe Pémaititier of the
photoresist iscresievetls leawing behing a patterned dayermAliernatively,i seme types.efsnatesials are
patterned_by directl depositinglthe aterial into the areas or voids formed fby a previous deposition/etch
process L]fs(%a‘?etcjh%ilqt?efs sudhas 8@%&5@% andele&rdiviic platingcS °F “Depositing a thin film of
material eweriarpexisting patterficcan exaggeratedhe mndedying fattecn and treate e nor-uaifarmly flat

surface. A uniformly flat surface Is rce%nred tg@rodu%eiscr}qaller and more degﬁg packed actl\é;J and

. assive‘electric ompone w are electric conpecte
passive &%mponents. anarlzaatlon caripbe useé’ to remove ma?erla %rom %he suriace opt%e wafer and

produce aanfformlyfflat stiiface. Plaharxzatioreihvolves polishing Alve suracel ef-theiwafer with a polishing

pad. An abrasivgem%tserial anq]c%rsro%:%% Igggrgqﬁi%q_j are ggdgq (’g%éhseﬁ s%rgace Q tge (E\L%alflfrrie gu(;i\:%gé p;rithing.

The comgi%rg}éomeghan'icéi%%tlon of the abrasive and corrosive action 0?7 the chemica
irregular topography; resulthey incd uaiferrnly flat sudface: Back-emd aranvdactdrng referslto cutting or

9n9wamg%$5gygﬁ§g{W@Egﬂﬂgghggggygggyygangigg@ors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in

part by the type of material being deposited. For example, thin



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

The electiitallcoifidctiohs fanBRYmadd WithssStaerBiAps, 'S8& burtig 2ohdadtivepaste, or wirebonds.
An encapsiiant €4 ptRergpeldingmaterial is depositedoves the paekageto-provige physical support and
electrical isolation. The finished package is then Inserted into an electrical system and the functionality of
the semiGortuctdH R feiSHiadd abaitdtie 16 the othar BystedcomBofeMEr 211y  FIG. 1 llustrates
electronig deviee rdchawing a:chipearties substrate ©f priatecheireititbeard (PE£E) H2ewith a plurality of
semiconductor packages mounted on its S_Lurface. Electronic device 50 may have one type of
semiconcﬁ%?groﬁlae&%%e, or m%q‘nep% ﬂfp%% of SeMIESTA ST gé?&%%%g, &é%&jn%ﬁlﬁél b the application. The
different types of semiconductorepackages aee shawer im 884G uk farqpushoses! aftilustraticiy ,
Electronicgegircl:e 50 mﬁgebg ggan -alone SYStr?r% %haf Hsgithe semjcc.onductotr é)]?lclﬁges to qperform one

1 VO e S1 sens 1ve ma ..
or more électficar functions. Aftérnatively, electronic device 50 may be a subcomponent of aTarger

system. FEdrcexamyple selectroric devicel 5@ maythe agraphics card] netiorkdnterfaceicard, or other signal

processing caidihat oan pe gserted nfo g comauter, The semicondycler pagkage cap ndlude
microprocessors, memories, application specific Integrated circuits fA IC), Togic circuits, analog circuits,

RF circuiifé,le(_jip@ﬂeteidevieés,tdra)th@pmm@hducmad@@melecﬂmtal_cmp@@erﬁsght is InFIG. 1,
PCB 52 proyides a genergl suhstrate for steuctyral support and electical jntetgonnect af, the

semiconductor packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or
within laykery of PCB 52 usingtevapodation! kiectiomaicslating felédtroledoplating, istiedss printing, or other

sultable mefal denosiian process.fignal rages 54 aravide dgrslectigal carmaunisation hatygen each of

the semiconductor packages, mounted components, and other external system components. Traces 54

also providegswer aid grourticorieeiiBAs e eack oPthelserfiebhiuctoPpadkdges. the

material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then



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 ty}5Es<Giir8Clet B atkaginyt inthidifd WirtlbitPpackage st SR HiPSriF 82 are shown on PCB

52. Additionaily.semeral typesohseconddevelpackagings including balk gid ereay (BGA)BQ KNP chip
carrier (BCC) 62, dual in-line package (DIP) 64, land %(id array (LGA) 66, multi-chip module (MCM) 68,

quad flathion€aded phtkdde (OFN) 769and §uid flaf Fadkabe™ 72 are SHoRM mEiited 'oh PEB 52.
Depending-upor the systemweguirements; sy combinatiomef semicesductat packagesy toafigured with
any combinati rlof first an% second IevelugackagingF st%/le,s, s well a%ogl,er electronic components, can
be connetted %) BEB 52./1h Soe” ehbbdirments, eldtironitdeviced'80 iNdiidés & JiYis attactiéd
semicondugtarcpackagepwhile athertambodimentsieall for maultipledntercannestetspackages. By

combining ane or more semicon tor packages over a single substrate, manufacturers can incorporate
gé%erconnec%e gg% o%%er s%em com el%s dnnt T g p

O W, nen . ©) ac S
pre-made components into eleCtronic devices ahd systems. Because the semiconddcior packages
include sophisticatedundtionaliyy electronictadevicesscair be thanufactured-tising theapetearnponents

and a stregryingd manyfacturing process. The (esulting devigss afe Iess Jkslylodal apd loss expensive
to manufacture resu ting In a lower cost for consumers. S. Za-ZC€ Sshow exemplary

s_emicqndl,lidtdﬂr ﬁadl@g_esblﬁr@&a iﬂus_ltdatbsrﬁm&hermai_dlgtﬁ?ﬂ@ 5?@@@tedmmﬁ@8@®emi_conductor
die 74 inclydes, ag.active reqion coptaining analag or digital Circuits "HBE&%”&% as.acfive gevices,

passive devices, conductive layers, and dielectric fayers formed within the die and are electrically
interconriee@chaccording o the elaeirical desighuafrhne died For ekaniple,ahé cireait atayoinelude one or

more trangistors; giades, induciors.capacitors, resistors.and; gther gircuit elements formed within the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,

such as @tfhirdif (AL Copper (CHY tif {ShRhic&TN INDgsla {AG), B Sliler (8y)and are electrically

connectegktg the Gircuit slements formed,yithin,semicgnducterdie 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 a§ thermiat £pd%y 8F 8oy RS, e pakate oty iReidRS an ifSdiative

packagingJpatesial suehas pelymer qf.ceramic. Conductorigadsi8Q and wirbends,82 provide electrical
interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package

forenwnﬁ%ﬁ&ﬂéF&%u&ﬁmﬁQRF&%%éHﬁﬁfr 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. 1 for purposes of illustration.

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

circuits (ASIC), logic circuits, analog circuits, RF circuits,
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moisture and particles from entering the package and contaminating die 74 or wire bonds 82.

FIG. 2b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Wire bonds 94 provide first level
packaging Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation forR& GeFicR TRt pals 162 %Hre ?WB@@F%E SGrfade oPﬁC‘Bl%ggihﬁaalsuitable metal
depositioprgeess such as electrolytic plating or electroless plating to prevent oxidation. Contact pads
102 are electrically connected to one or more conductive signal traces 54 in PCB 52. Bumps 104 are
formed between contactpdds 08 bt BEC62 and'Contatd pats ARG PCE B2 trate {REIG. 2c,
semiconductorcdieS8lis snewied fageidews da iiternediate-earsiend06 with a flgp chip style first level
packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits Implemented as
active devicss CASEVE GéviRaS haticive %@%ﬁs,%%dt&}gle%ﬁ%'layer%rf &d Bl to the electrical
design oftthe dlie. Far examle rthecircud may hchftte-ene or more transisters sdiodescirdaetors,
capacitorsériensistg@s a&c_j a?tq%rncirc(gj[teeI%rpgzgtstvi/ithin ac%i\l/?1 regigrf e1((:)8. Srfénsi%on uctorndie 58 is
electrical}il anogmecﬁgnlcaﬁy connected fo cartier iogjtﬁroug%’bumps 116 PIBGAS0 is electrically
and meclsanmieally coninectedyio BE€ BB with sauB GAbtstylersecohddeyel packagingusirgsbumps 112.

Semiconguctoggie 58 is elegtﬁical]!lyi%griwec ed to ne uctiva(glfi%nal traces 54.in nP%B g%etgg)ugh bumps

. t .
110, &gnafﬁr?es 1ff,aacnedsbumpg emol%lrngecoempgﬁr? or eﬁénénﬁlsrhjféjr?t 118 is deeposned over

semic_on(ﬁs_ﬁct@r dié 5&&1¢em¢i<e_©ﬂ@6¢@_<pro@d@lqﬂ%mal @gpm@nqmﬂe@lﬁ%laﬂmmr the d_evice.
The flip chin, semiconduictor device provides 3 shortelectrical condugtion path, from the agtive devices on

semiconductor die 58 to conduction tracks on PCB 52 in order to reduce signal propagation distance,
lower capatitagce, @t imaprove overdl dircuitasdiforiahie. eancthedembedinmatkteesemiconductor

die 58 can be mechanieglly,and elegtrically conpecteddirectly ta RGR 52 sing.ipichip style first level
packaging without intermediate carrier 106.
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
first and second level packaging styles, as well as other

electronic components, can be connected to PCB 52. In some
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FIGs. 3a-3j illustrate a process of forming IMVs and ISVs in a WLCSP in the same direction during the
same manufacturing process using the same catrrier. In FIG. 3a, a sacrificial or temporary substrate or
carrier 120 contains base material such as silicon, polymer, polymer composite, metal, ceramic, glass,
glass epoxy, beryllium oxide, tape, or other suitable low-cost, rigid material for structural support. An
optional interface layer 122 can be formed over carrier 120 as a temporary double-sided adhesive tape or

bonding fifPEF&fERSp 1467 Tt O AndqE! 3B, sSEmicsntitdfot die B EormpoREhtET ¥ are mounted to
carrier 12Q:with cantast pads 426 Lrientedhdownweard evenibeLarker: Semicandustondie dZgikas an
active region 128 containing analog or digital circuits implemented as active devices, passive devices,
conductive la§ER AR Uiidciir I&7ES FormEY withthe 'dig andel&&triCaRFinfsredmmatisd hording to
the electricat design angefungtien nfthe diebEerexamples thecairauit@ay irclude nve b sreredransistors,
diodes, and other circuit elements formed within active surface, 128 to ir’gplement analog circuits or digital
circuits, SUch A% digitaiGival ProCessor (DEPT ASIE HieMoty, OF bt sigial processing circuit.
Semicondectandie 124 maynalse cantairo P R sstichassinduetons) ccapagtiarst and resistors, for RF signal
processing. Secmicogili%tor diellz can be a fliechig ty%%ge}gce or Wirfe b r%drg/é)e device. In another

an

. C on electronic de cgsS manura using,
embodiment, a discrete c%(nponen can be mountsd over interface féyer T carrier-120.
FIG. 3c showsrarrencapsutant o naolding conmpeundi h30 depositedotver isemiponductor.die 124 and
carrier 120 usirﬂ a pas e\printing, compres iv?. olgin frap fer mol ing liquid encapsulant molding,
vacuum I]z:iﬁqslrlfatlgolnr,1 r%ﬁwelrcseulsta%f%eappﬁi?:gtor.Eecgp%u?antgl% caa{lngbe %8%$§Pc%ﬁﬁgs%etcrﬁaterial,
such as epoxyfresinuwith fikeryépoxypadnylate Withefitler.cortpdlymerwithypreper-filler. Encapsulant 130 is

hon-conductive and envirpnmentally profects inesemicpnductar dgyige droxm. external glements and

contaminants. Encapsulant 130 Is planarized to expose back surface 132 of semiconductor die 124,
opposite BEfive darfacd 128 rates fnrRIte Bddah disulainddrpassiveniontayercr34isHofmed over back

surface 132.0f semigondyctor;die-124;and encapsulant 130 using PV, QYR printing, spinqoafing, spray
coating, or thermal oxidation process. The insulating layer 134 can be one or more layers of silicon
dioxide (5102} sHicbA-hitfite (SN ). Bifié6A DR\t deS(SIONY Vantimsentoxaée $1a205), aluminum

oxide (Al2@3); ot other spateriak having similar inslating.and siructural\propertigsned withikIG. 3e, a
plurality of vias 136 is formed through insulating layer 134 and semiconductor die 124, while the die is

mounted & ®aftet 1200 using I1S4E-FiiG: Mechahica SritingC bR eeds FedivBJort etcHify (DRIE)
process. JheMias 136 age formedSfromriasylating laysr 134 andikackside 132; after dgpgsiting
encapsulant 130, with active surface 128 of semiconductor die 124 facing down. The vias 136 extend
ﬂwough 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

semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

over the package for environmental protection by preventing
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the silicon region of semiconductor die 124 to contact pads 126. Likewise, in FIG. 3f, a plurality of vias
138 is formed through insulating layer 134 and encapsulant 130, while semiconductor die 124 is mounted
to carrier 120, using laser drilling, mechanical drilling, or DRIE. The vias 138 are formed from the same
side as vias 136 and extend to interface layer 122. The vias 136 and 138 are formed simultaneously or
consecutively from the same side during the same manufacturing process using the same carrier 120.

An optiori it PSICdiBRE ICIASEr 46 Bak BEFORED bRthe 3ideti st Vias 136 and 138 using

PVD, CVEs et thermal oxigdation pracess. f hednsidating kyer 140 can be one or more layers of Si02,
Si3N4, SiON, Ta205, Al203, polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBO), or other

suitable dielectric materiaf TH rehailhgrdeseripfion tBAtin e witHodtoptiohalinsiRtAG Fayer 140.

In FIG. 3gntheosas 238 asefiledbwithAloCudSe, B Als Ags titardamdlis W epely4silicono or other suitable
electrically conductive mgate%al sin electro%/tic %Iating, f% ectroless Iatinég, groc?e/%s, or other suitable
metal depSsifidh Procdss T6 form cShd Ve through mafd Vids vV 195 Prie vias 136 4re filled with Al,
Cu, Sn, MipAdsAgAT L W vpaly-siliconfor ethet spitable eleciridallycconduative: materiad eising electrolytic
plating, electroless plating process, ar.othey suitable metal deposition process to form uctive through
Ciicon w52 (180 10 o L e Hactrialy Aot et padeer a1 e T el
conductiveslayern 146 issformedaver instilatingayerl 348 MG 142, anddSVs P44 using pattedsing and
PVD, CVD, electrolytic plating, electraless plating pracess, or. gther suitable metal deposition process.
ConductiDgYaSyleCr:'al 6501{321%?1p k?er%ng %é n”?c?r% 231/:elr(s:%23§f3AJ[,SCQ,l}‘:),(le ﬁ,olﬂi, i%%A%%%rr%%\élr%%ftable electrically
conductiveomaterfal R individaalgpoftiams=of corrductive layer d46afe Riécthicallyscomnested to IMVs

|1|\L/1|\2/ :gﬂdls%\s/i\s/t S%Ai ang apefatg 5. redigiibytion layer (RBL)10 extend the glecticghcqnnectivity for the
or eiectroless plating to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads
98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 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,
and bumps 112. A molding compound or encapsulant 116 is

deposited over semiconductor die 58 and carrier 106 to provide
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In FIG. 3h, a photoresist layer 148 is deposited and patterned over insulating layer 134 and conductive
layer 146. A portion of photoresist layer 148 is removed to expose conductive layer 146. An optional
conductive layer 147 is formed over conductive layer 146 using patterning and PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 147 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
ConductiVB &t A4 77RRS Aimakidagerdider g restaliz o BN fchiding & barf@flayer and
adhesiondayey. &mope espbediment tbe bagierdayescontains Ni, tiasitm tngsten @dW), chromium
copper (CrCu), nickel vanadium (NiV) g]latinum, (Pt), or palladium (Pd). The adhesion layer contains Al,
titanium @iy CHIGIIGH (B9 or fitamifurh firide (TikD). OB 997 prbvide¥ LIBRTeSstve fircdRnect, as
well as atharderieucu 06 solder diffusion. Adtermatively, vig=kondable pads mayalso be formed over
conductive Iager 14:{6. Cogducttive layer 146, photoresist layer 148, and, UBM 147 constit#] e a build-up
interconnect SFGEHFE 1481 5 130 AR, GtHEr 120' 88 intdface Thyer 192 %f6 Fémoved by
chemical®tehing tmeechanicalkbpeet-off, GMR nmechanicalgrinidiag, tthetrhal bake] tasetiseanning, or wet
stripping. A bug[ -up interconnect structure 150 is, formed over active surface 128 and encapsulant 130.
e DU oo e st I T Ao b e AG o Do haee e r 15 T by PVD.
CVD, printing; Gpirbeoatimgn gprayigoatingpostheimarldxidatidre vihe insulading tayer ilt52ccan be one or
more Iaye:\.Lrg, oefr%(e%,i%?eN%aS}gi\l gagg% Al203, or other material having similar insulating and structural
properties. ,& portion of insulating ?ayer 152 is removed by an etching process to expose IMVs 142 and
ISVs 144. An electricaliL€enduttive Jayer 1b4tis ddrned irtheaemovéd fportiomof ifkulatingdayer 152
using patterping;and PYD, CVD, electrolytic plating, electipless plating procesg, or other suitable metal
deposition process. Conductive layer 154 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable @lestvicalyreanductive yegtedal Thedndididuappertioas of eonductivetlager 554 are electrically
connected {0, IMVs5 142 and ISV§ 144, -, suplLEIG- 3ithe buildsup infergonnet stiyctyte 150 further
includes an electrically conductive layer >156 formed over insulating layer 152 and conductive layer 154
using pafterhfigladd PYE! QD Sélee6iytic PRt ElechBless Platiig proeess ortiérsuitable metal
dep03|t|ogé)gg_9§%9,. %é‘&t,'v%@/% 1@9&5@9,@0%@%9& make dayess of 6&&% b NicAUrAg, or _other
suitable electrically conductive material. The individual portions of conductive layer 156 are electrically
connected1o 1RIVC1424nE PSVs 144 %Hd dpperatetad ah RDIS td BxteRdthe eRadtifcat conféctivity for the
IMVs and|SMsnal 1nAtinsulating s passivatian layer 488 forged-overdnsulating laygs 152 and
conductive layer 156 by PVD, CVD, printing, spin coating, spray coating, or thermal oxidation. The
insulatind RYBP 158 Lar BePdite 5rffote f4i/eTs bV 51022 BRBNA, SO TH205 AR20%. of biHer material
having sigilapinssiating and structural properties. A portion of insulating layer 158 is removed by an
etching process to expose conductive layer 156. ,
In FIG. 3b, seémiconductor die or components 124 are

mounted to carrier 120 with contact pads 126 oriented downward

over the carrier. Semiconductor die 124 has an active region

128 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

128 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 IPD,
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An electrically conductive bump material is deposited over conductive layer 156 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 156 using a suitable attachment or bonding process. In one embodiment, the
bump mat&ial i§ FeflRietFby heating Himaterid abbde Tt MaiiRg ﬁoin% 18 fdttn Sptigtithl balls or bumps
160. In spmeapplications, bumpscHeQ arereflownedia second timedo fmprove; gleetjical erntaeido
conductive layer 156. The bumps can also be compression bonded to conductive layer 156. Bumps 160
represenPon& type SARtErESMTed Strucfure tHat NV formed R EoRGucivetaj&r £56 The
Interconnesthstsuettte eamn alse useuberdwires rcandustive pastes gtid bampamicrediump,ror other
electricaléllg rconnect. Semiconductor die 124 are singulated with saw blade or Laser cutting
device 162 into individual stackable WLCSP 164. FIG. 4 shows WLCSP 164 after singulation. Build-up
Interconnect structure 148 is electricaly cannectedte conataict padsd 26 of gemicgnauctor di®@ 124 and
conducti\ge la er.stl%4 and 156 of build- I@ercgnnec}ﬁructu&e 150 througp2coonductive IMVs 142 and
ISVs 144 MV 142%and ISV 144 &re'formed from the Same side %ﬂﬁﬁg the sam%srﬁgﬁu%cturing
process aftertdepositingiencapsulapt $36.1SimcedISM 144 is formeteaftercentapgulation, thé same carrier
120 s usggt farm boih IMMS 142 and I3 5,44, The separate sanyfacturing proggsses and diferent
carriers noted in tlflmeabackgroundn are no onger necessary. In adodﬁlon, the formation of vias in the
passivatieriayet over the BV prandated indtheqgprioriagt canl beavoidetr Thetwasndd&used to form ISVs
144 extend thyoygh passivation, layey, 134, thyssaying.a process,stan requiyechn £he pror art, The
continuous structure of IMVs 142 and ISVs 144 reduces contact resistance, increases conductivity, and
improvescsigialdmteghity) Accordingly 1fbhfing IMVS 282 ahd TSV 134 frorm eie SaméUside daring the
same manufacturing pracess Using thesame carrier 120, simplifiesthe, manufacturing, reduces cost, and

reduces risk of defects. The formation of ISVs 144 after mounting semiconductor die 124 to carrier 120
and afterdepositing eheapsiiant 230 réidexdeVice: failurés dre B TSV FormAatiorf defects in the wafer

level.  512nElG.28hews angmbodiment similag to FIGo4 withdSys L4diglectrically connected to
circuit nodes within active surface 128 to provide additional vertical (z-direction) interconnect to increase
input/outPBIRP®) CDURE AR BeRSty RFGppPerStacked semiconductor devices. ISVs 144 are also

electrically connected tprpartiens oficonrductive daver 1e4 and eenductiye layer 1156. Otherpartions of
conductive layer 156 and conductive layer 154 are electrically connected to contact pads 126.

FIG. 6 showds embotirhéntsimitar - E1G. #with eFRRpSAARLEIP Eovering Baciéd\itface 132 of
semiconducterdie 124 Thednsidating layer 134 wigsgribed nklG. 3skean-be omitied as:engapsulant 130

ProVdes e AN S O st son process. The insulating layer 134
can be one or more layers of silicon dioxide (Si02), silicon
nitride (Si3N4), silicon oxynitride (SiON), tantalum pentoxide
(Ta205), aluminum oxide (A1l203), or other material having
similar insulating and structural properties.

In FIG. 3e, a plurality of wvias 136 is formed through
insulating layer 134 and semiconductor die 124, while the die is
mounted to carrier 120, using laser drilling, mechanical
drilling, or deep reactive ion etching (DRIE) process. The vias
136 are formed from insulating layer 134 and backside 132, after

depositing encapsulant 130, with active surface 128 of

semiconductor die 124 facing down. The vias 136 extend through
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FIG. 7 shows an embodiment continuing from FIG. 3f with conductive layer 166 conformally formed on
the sidewalls of vias 136 and 138, without completely filling the vias, using patterning and electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 166 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.

An electrically conductive layer 168 is formed over insulating layer 134 using patterning and PVD, CVD,

electrolytidflafind, ‘letrd1e8s prating pi6Ee<L b BiHer suitablemétat depositian prédss. EdRductive
layer 168 Garehe oae orimeredayers,of AloCur SniNi; Adk Agh £5 othey suitablereleetricalycemductive
material. Conductive layer 168 is electrically connected to conductive layer 166 formed in vias 136 and
138 and SPErAIET A8 an RBE To bxtendtHe TRs@RE tohhedifity 8P theTIMPE 4R TEVE -OT A
photoresist er insylatingrayerted isdeposited and pajternachgvardpsuating layend 34 and conductive
layer 168. Photoresist 170 fills the remaining_area of vias 136 and 138 over conductive layer 166. A
ortion o AOTOTEER Ta D BT o TS bbb oy 12y & Fock STBELGHEP e LT 18
formed oweneorduttive tayet 4681 Conductive<tayeri168, photeresistdayes 140, and UBMH& 1 constitute a

build-up interco %%ct s}lrgcﬁltgg 173. The rem(ginder of the process follows FIG. 3@{

-3%.7 FIG. 8
shows an’ émbodimerit Similar to FIG. 4 Wwith u?nlp%u formed on contae Sée S 121 ,ealn%i éfd:n?gct pads

174 formed®onscardeis12@, prior io ondurtingsemicenduciortdie 124 torcarrers12(: iSemicoaductor die
124 with lsz)gmé)scﬂz 55 rgonir}tszd to contact pads 174. Contact pads 174 are electrically connected to
conductive fgyer Tgifumps 172 provide finer interconnect pitch and increases 1/O density. Encapsulant
130 underfills semicondoctoptieot24. insulRGr@ showbian enibodiméntysimiladfo EEG. &with ISVs

14$_e'e‘t?tfi8?-l‘r¥e8°%’he°£%% tqGireyitnades within actiye surfage 128 tg proyvidegdditiopg! veypical
G WeCIg%eral oxidation process. The insulating layer 140 can be one

or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. The remaining description
continues without optional insulating layer 140.

In FIG. 3g, the vias 138 are filled with Al, Cu, Sn,
Ni, Au, Ag, titanium (Ti), W, poly-silicon, or other suitable
electrically conductive material using electrolytic plating,
electroless plating process, or other suitable metal deposition
process to form conductive through mold wvias (TMV) 142. The
vias 136 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 conductive
through silicon vias (TSV) 144. TSVs 144 are electrically
connected to contact pads 126.

An electrically conductive layer 146 is formed over
insulating layer 134, TMVs 142, and TSVs 144 using patterning
and PVD, CVD, electrolytic plating, electroless plating process,

or other suitable metal deposition process. Conductive layer
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Interconnect to increase 1/0O count and density to upper stacked semiconductor devices. ISVs 144 extend
through encapsulant 130 to electrically connect to portions of conductive layer 154 and conductive layer
156. Other portions of conductive layer 156 and conductive layer 154 are electrically connected to bumps
172 and contact pads 126 and 174. FIG. 10 shows an embodiment similar to FIG. 9 with an
underfill material 176, such as epoxy resin, deposited under semiconductor die 124. ISVs 144 are

electrically*CorfrgttdeftoCifcutndbies witt atfive Suftace £28 to'Provide afdditioR&lvertical (z-direction)

interconngeehtoringreasediQ ceunt-and dansity teddRnesstacked-semicanductondeviges. +s¥sali4 extend
through underfill material 176 to electrically connect to portions of conductive layer 154 and conductive

layer 1567 GthéPPSrtiohs OF BOHAICHVE 1a7er°I56 dhd CoRdictive 1ayéirts4 ars RIBEtricafly E6nnected to

contact padsd2642 and FHEsll showsa@nsgrabadisent cantiauing fromb G o3c withearrier 120 and

interface (Igaggeé&lzz removed yﬁ%hemi al etching, mechanical eeel-off CMP, mechanical grinding, thermal
stri

bake, las niifg, S WastHpping A Builds Int&reBrifect Stiuéture18071S fdfmed BuUSt active surface

128 and escapsulant 130. The build-up interconnect structure 180 includes an insulating or passivation

layer 182 formed by PVD, , printing, spin coating, spray coating, or thermal oxidation. The insulating
layer 182 can be one c\)frnmgr}e/(%)éyérl%’ofgsfgjf%%ﬁi,qg?%lg, 5503}%026?, éir% ot Srl(gan%%r?arf aving similar
insulatingrand struetdiralyproperties 1A tpontion ef/imsulabing dayer d@2ds ceimowed by<an étéhing process to
expose contact gad% ]%LZGhég grl%%trii%agly conduc iV% Iajy]/gr 184 i% fGOC[mCeéj in_the remove% l[lnccj)[:tilo\peof

insulatinéjf?ﬁ/er 2 using patterning andlSY\?ff CVD, e ect?oﬁ%)c plating, gl}é}cjt?glgsg% ating process, or

layer 146. An optional conductive layer 147 is formed over
conductive layer 146 using patterning and PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 147 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 147 forms a multi-layer
under bump metallization (UBM) including a barrier layer and
adhesion layer. 1In one embodiment, the barrier layer contains
Ni, titanium tungsten (TiW), chromium copper (CrCu), nickel
vanadium (NiV), platinum (Pt), or palladium (Pd). The adhesion
layer contains Al, titanium (Ti), chromium (Cr), or titanium
nitride (TiN). UBM 147 provides a low resistive interconnect,
as well as a barrier to Cu or solder diffusion. Alternatively,
wire—-bondable pads may also be formed over conductive layer 146.
Conductive layer 146, photoresist layer 148, and UBM 147
constitute a build-up interconnect structure 149.

In FIG. 3i, carrier 120 and interface layer 122 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. A build-up interconnect structure 150 is formed over
active surface 128 and encapsulant 130. The build-up

interconnect structure 150 includes an insulating or passivation
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other suitable metal deposition process. Conductive layer 184 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 184 is electrically
connected to contact pads 126. An electrically conductive layer 186 is formed over insulating
layer 182 using patterning and PVD, CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 186 can be one or more layers of Al, Cu, Sn, Ni, Au,

Ag, or otHér¥&itabRreeeiiafly B8ndiidtive HaterBE Thelindividt it Poftihs 6t CondBERE layer 186
operate ascan R, toextend the: elestricah earnectivityie 1nsulAR insylatinger passivationdayer 188
formed over insulating layer 182 and conductive layer 186 by PVD, CVD, printing, spin coating, spray
coating, 6P thefthalSXiGatioh’ h iRSulating tayet é’caﬁj‘é}é/q()néf%?%dre}i‘&feq of 3502 'SI15N4, SION,
Ta205, AkZ03: of otheranatesiakhaving simitaninswating and struetucahprapegiespAgqorten of msulating
layer 188 is removed by .an etching process to ose conductive layer 186. . _An electrically
conductVe BB terial R HebosHed bOEF EorldUetve IAydl T8t Lty 3R PRIt BRETolti
plating, etectratgsssplatimy,allddropnar Seen painting proceksscThe banip material cambe Al, Sn, Ni, Au,
Ag, Pb, BlihCu,rsq_I%eL‘lr, andfcombigation l’ﬁ}ereof Withg\n c()j%tigpal flux.solution. Far ex_ainple the bump

€, remov sulatl r

material can be eu ecti%:SSn/%I,nﬁlghﬁgasa soldrer, orleaditree soider’ h%rbump materialis bonded to
conductivieblayers 18§ ushngta suifaliie attacirvient OVbonding pracesst incope @mbogiment, the bump
material is reflowed é’%sherﬁ‘i'gg Ig% r%%%%%'&*{""%ﬁ‘%@ £@9§u°£”t§8f8r%$923r' %@3&'?19{ Hymps 190.
In some applications, bumps 90 “are reflowed a second time to mprove electrical contact to conductive
layer 186> Thedsummps CandisotbereompressiorPBorged teeconductive tayet 188y BumpstlJ0lrepresent

one type af; Intercongect structyre that can pe formed oyer.conductiye layer 186, The lnterconnect

structure can also use bond ‘wires, conductive paste, stud bump, micro bump, or other electrical
Interconriezfterial. The individual portions of conductive layer 154 are

electrically connected to TMVs 142 and TSVs 144.

In FIG. 3], the build-up interconnect structure 150
further includes an electrically conductive layer 156 formed
over insulating layer 152 and conductive layer 154 using
patterning and PVD, CVD, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 156 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
The individual portions of conductive layer 156 are electrically
connected to TMVs 142 and TSVs 144 and operate as an RDL to
extend the electrical connectivity for the TMVs and TSVs.

An insulating or passivation layer 158 is formed over
insulating layer 152 and conductive layer 156 by PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.
The insulating layer 158 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. A portion of insulating
layer 158 is removed by an etching process to expose conductive

layer 156.
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An insulating or passivation layer 191 is formed over back surface 132 of semiconductor die 124 and
encapsulant 130 using PVD, CVD, printing, spin coating, spray coating, or thermal oxidation process. The
insulating layer 191 can be one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material
having similar insulating and structural properties. A plurality of vias is formed through insulating
layer 191 and semiconductor die 124 and insulating layer 182 using Laser drilling, mechanical drilling, or

DRIE, similar to FIG. 38" ThRé Srds are¥ormed Afer8Epdsiting BRcaApdfantt30Mwith 2Rtive SGiface 128 of

semicondiigter dierleddacing dowi Thesas extendsthreughiinsulating Jayer d&dand thesilicon region of

semiconductor die 124 and insulating layer 182 to conductive layer 186. Likewise, a plurality of vias is

formed tRIOAGH MsuIAHGIRY & £6T aRd TheAFsulRAT 136 ARE Instiatigria§er £82 UihgJaser drilling,

mechani¢at sitiing, or DIRIEpsiplanie E1Ga3f. $he vias are, fosnediiiom the same sidg ard extend to

conductive layer 186. The vias are farmed simult neousl¥ or con ecutive%/ m%tgefﬁme side during the
’ [ |ati

ly fro
same mantfactring proceas Ui theEahte Balier 199 " " *PaARTbptidhali g or dielectric layer
can be fosmedtapthe sidewaksafibeajias usingBVD mGYBy ba thermal oxidatior pracessn The insulating

layer can he one or more layers of S102, SI3N4, SION, Ta205, IZO% olyimide, BOB, PBO, or other
suitable die %trﬁ:er%%tesf% %Bé £ Onl'hee\%gs ﬁr%%gﬁoel\in%%ﬁéulan 3 ﬁ?ﬁiﬁéa \(/évﬁﬁ‘%%, éﬁ’, Sn, Ni, Au,
Ag, Ti, Whpobesilican, oroflvertsuitablesglectrically cenductive smatesiall asing etedtrodytic plating,

electrole soglgtiin process, or othlerr1 ggg%blem%%?£%%%%§iti%%gr cess t(r)n g%rmrgoaqdulcéivg IMVs 192. !MVS

192 are e ectrlcgl onnected to portions o?con uctive layer 186. The vias ﬁwrough semiconductor die

124;ﬂefmeﬁMQWﬁALmyLﬁﬂﬁmﬁpgupAg,material above its melting point to form
spherical balls or bumps 160. In some applications, bumps 160
are reflowed a second time to improve electrical contact to
conductive layer 156. The bumps can also be compression bonded
to conductive layer 156. Bumps 160 represent one type of
interconnect structure that can be formed over conductive layer
156. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 124 are singulated with saw blade or

laser cutting device 162 into individual stackable WLCSP 164.
FIG. 4 shows WLCSP 164 after singulation. Build-up interconnect
structure 149 is electrically connected to contact pads 126 of
semiconductor die 124 and conductive layers 154 and 156 of
build-up interconnect structure 150 through conductive TMVs 142
and TSVs 144. TMVs 142 and TSVs 144 are formed from the same
side during the same manufacturing process after depositing
encapsulant 130. Since TSV 144 is formed after encapsulation,
the same carrier 120 is used to form both TMVs 142 and TSVs 144.
The separate manufacturing processes and different carriers
noted in the background are no longer necessary. In addition,

the formation of vias in the passivation layer over the TSVs
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W, poly-silicon, or other suitable electrically conductive material using electrolytic plating, electroless
plating process, or other suitable metal deposition process to form conductive ISVs 194. ISVs 194 are
electrically connected to other portions of conductive layer 186. An electrically conductive layer
196 is formed over insulating layer 191, IMVs 192, and ISVs 194 using patterning and PVD, CVD,
electrolytic plating, electroless plating process, or other suitable metal deposition grocess. Conductive

layer 196"¢4I7BE Bre Ot mhbre 1B ofFCHE28nPRI, AR K r otdtSsuitaBe diéétriddffcoiductive

material. £zoneluctive layer 196+s glectiically ganpactedta dMys 192,ard 1ISMs 194.andLperatgs as an
RDL to extend the electrical connectivity for the IMVs and ISVs. A photoresist layer 198 is

deposited ahl paternett 6VeriiSianing layer 19 dncdndithive 12} 1887 A POHISIT of photoresist layer
198 is removed ta expoese conductive layer 186 Amaptionad cerductivadayar 200sis feumed pver
conductive layer 198 using patterning and PVD, CVD, electraolytic plating, electroless plating process, or
other SUtBIE AT depBLTOn process. CoAULEVE Byer 260 EAR e Bhe BF moke layers of Al, Cu, Sn.
Ni, Au, Agcabathén suifgble electieallycondudtives matarial. Canductive layer 200nformscemulti-layer

UBM Inc %din%agjqrrieglg%er %Q%Q Qg%iggil%yer. Inoor%e emlpgdimen%the bar@[ie(r:é?/rer contlaé'rbs Ni, TIW,
CrCu, NIV, Ef', of Pd. The adhesion ayer contaﬁwsp,&:l, ﬁ'l,ch’r, or TIN. 6 M fﬁﬁnprow

es a fow fesistive

Interconnectirasiwek as @hlkamentof Guonsoider diffusiore Alteraativelyydvirethondable jpaidsanay also be

formed oyer. contductiv% IaeyeE 196. onguctjﬁveTl eré%% pfpéoresist Iarlyer 198, and UBI\A 200 constitute a
. f . Ig) € 5 :

build-up Interconnect structure 202. . " In %;LSC Oﬁ, ﬁlrld-rﬂ%lintelrg nneecrpétcragtu?g%ﬁ is

electricalfyiconhettedbtoccortactpadsll 2610f semieondectors diell®y and epaduetive layérs 184 and 186

of build-up lptercannedt sfructure 180 throygh gondyetive: INYs 192, andlISYS 194, [MM5.192 and ISVs

194 are formed from the same side during the same manufacturing process after depositing encapsulant
130. SinceaTSV 192vis fermed after encapsulation, the same support structure, i.e., build-up Interconnect

structure 180, is used tpfermdoath IMYs 192 and ISVs. 194..The separate manufactyring pracgsses and

different carriers noted in the background are no longer necessary. In addition, the formation of vias in the
passivatiort fayek QVEF IS\ mandatettinthe pror atticahibe ao6ided " Thé viasaiEedo form ISVs 194

extend through, passivatianlayer19L.dhys saving,aprogess stepiregylirgd.in the; prigr art. The continuous
structure of IMVs 192 and ISVs 194 reduces contact resistance, Increases conductivity, and Improves

signal integi* AeEaRIT gl ForirgaRAs 102 4Rd TEP 14 froff the"Sae sideldGing teYsdifie

manufactysipgproeessdesing dhe same suppertatrictwe simplifies theanapufagtusing, reduces cost, and
reduces risk of defects. The formation of ISVs 194 after mounting semiconductor die 124 to carrier 120

and afterdepositihgencapSaRRE £56 Fedit i devicd filtfe SRR F$VForAdfon defectn the wafer

level. conductive layer 156. Other portions of conductive layer 156
and conductive layer 154 are electrically connected to contact
pads 126.

FIG. 6 shows an embodiment similar to FIG. 4 with
encapsulant 130 covering back surface 132 of semiconductor die
124. The insulating layer 134 described in FIG. 3d can be
omitted as encapsulant 130 provides electrical and structural
isolation.

FIG. 7 shows an embodiment continuing from FIG. 3f
with conductive layer 166 conformally formed on the sidewalls of
vias 136 and 138, without completely filling the vias, using
patterning and electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive
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FIG. 12 shows stacked WLCSP 164 from FIG. 4 electrically interconnected in the z-direction by
conductive layer 146, UBM 147, IMVs 142, ISVs 144, bumps 160, and conductive layers 154 and 156 of
build-up interconnect structure 150. 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 followiAd efaim&® ClamPRIHE Ts Saimed:eL. AiEthod Dt Manufatturing a SEmicdHduét@r device,

comprising: other suitable electrically conductive material.

An electrically conductive layer 168 is formed over
insulating layer 134 using patterning and PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 168 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 168 is electrically
connected to conductive layer 166 formed in vias 136 and 138 and
operates as an RDL to extend the electrical connectivity for the
TMVs and TSVs.

A photoresist or insulating layer 170 is deposited and
patterned over insulating layer 134 and conductive layer 168.
Photoresist 170 fills the remaining area of vias 136 and 138
over conductive layer 166. A portion of photoresist layer 170
is removed to expose conductive layer 168. An optional UBM 171
is formed over conductive layer 168. Conductive layer 168,
photoresist layer 170, and UBM 171 constitute a build-up
interconnect structure 173. The remainder of the process
follows FIG. 3g-3j.

FIG. 8 shows an embodiment similar to FIG. 4 with
bumps 172 formed on contact pads 126, and contact pads 174
formed on carrier 120, prior to mounting semiconductor die 124
to carrier 120. Semiconductor die 124 with bumps 172 is mounted
to contact pads 174. Contact pads 174 are electrically
connected to conductive layer 154. Bumps 172 provide finer
interconnect pitch and increases I/0 density. Encapsulant 130
underfills semiconductor die 124.

FIG. 9 shows an embodiment similar to FIG. 8 with TSVs
144 electrically connected to circuit nodes within active

surface 128 to provide additional vertical (z-direction)
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providing a temporary carrier; mounting a semiconductor die over the temporary carrier; depositing an

encapsulant over the semiconductor die and temporary carrier; forming a first insulating layer over the
semiconductor die and encapsulant; forming a plurality of first vias through the first insulating layer
and semiconductor die while mounted to the temporary carrier; forming a plurality of second vias

through the first insulating layer and encapsulant while the semiconductor die is mounted to the
temporary TaFiGON N eGepd<ting sletfiRally Bndadtive MatkridfitheYirSQid® RS formtotiittive
through silicencdasi(iSVyr d<depesiing eleetsicallycendustive matetighindhe sgeond Miastg orm

conductive through mold vias (IMV); , ,
to electrically connhect to portions of conductive layer 154 and
conductive layer 156. Other portions of conductive layer 156
and conductive layer 154 are electrically connected to bumps 172
and contact pads 126 and 174.

FIG. 10 shows an embodiment similar to FIG. 9 with an
underfill material 176, such as epoxy resin, deposited under
semiconductor die 124. TSVs 144 are electrically connected to
circuit nodes within active surface 128 to provide additional
vertical (z-direction) interconnect to increase I/0O count and
density to upper stacked semiconductor devices. TSVs 144 extend
through underfill material 176 to electrically connect to
portions of conductive layer 154 and conductive layer 156.

Other portions of conductive layer 156 and conductive layer 154
are electrically connected to contact pads 126.

FIG. 11 shows an embodiment continuing from FIG. 3c
with carrier 120 and interface layer 122 removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal
bake, laser scanning, or wet stripping. A build-up interconnect
structure 180 is formed over active surface 128 and encapsulant
130. The build-up interconnect structure 180 includes an
insulating or passivation layer 182 formed by PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.

The insulating layer 182 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. A portion of insulating
layer 182 is removed by an etching process to expose contact
pads 126. An electrically conductive layer 184 is formed in the
removed portion of insulating layer 182 using patterning and

PVD, CVD, electrolytic plating, electroless plating process, or
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forming a first interconnect structure over the first insulating layer and electrically connected to the
conductive ISV and conductive IMV; removing the temporary carrier; and forming a second
interconnect structure over the semiconductor die and encapsulant opposite the first interconnect
structure and electrically connected to the conductive ISV and conductive IMV. 2. The method of claim
1, wherein the conductive TSV are electrically connected to contact pads on the semiconductor die or an

active suffat& bf fie'$émiconBiGErdr dREPS STe fethBP 6 Aaim 1 firther riclfdingY ST depositing the
electrically-gonsiictive material:aver sigemalls of Ahe first yiastp farm the condyctive TWieand

suitable electrically conductive material. Conductive layer 184
is electrically connected to contact pads 126.

An electrically conductive layer 186 is formed over
insulating layer 182 using patterning and PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 186 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The individual portions of conductive
layer 186 operate as an RDL to extend the electrical
connectivity.

An insulating or passivation layer 188 formed over
insulating layer 182 and conductive layer 186 by PVD, CVD,
printing, spin coating, spray coating, or thermal oxidation.

The insulating layer 188 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. A portion of insulating
layer 188 is removed by an etching process to expose conductive
layer 186.

An electrically conductive bump material is deposited
over conductive layer 186 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high—-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 186 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 190. In some applications, bumps 190
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forming a second insulating material in the first vias over the conductive TSV. 4. The method of claim 1,
further including: forming bumps on contact pads of the semiconductor die prior to mounting the
semiconductor die over the temporary carrier; and mounting the semiconductor die with bumps to the
temporary carrier. 5. The method of claim 4, further including depositing encapsulant or underfill material
around the bumps beneath the semiconductor die, 6. The method of claim 1, further including forming a

second ifsUfatfrigihatéithl dvarsidetbalis BEtHefirsFHias Bhdskeohd Vids plisi tbHepostting the
electricallygonguetive matedal to §arm the,eondugtive IV and sopductiig-TMYs 1 6A mathed of

manufacturing a semiconductor device, comprising:

to Conductive layer 186. umps 190 represent one type of
interconnect structure that can be formed over conductive layer
186. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect.

An insulating or passivation layer 191 is formed over
back surface 132 of semiconductor die 124 and encapsulant 130
using PVD, CVD, printing, spin coating, spray coating, or
thermal oxidation process. The insulating layer 191 can be one
or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties.

A plurality of vias is formed through insulating layer
191 and semiconductor die 124 and insulating layer 182 using
laser drilling, mechanical drilling, or DRIE, similar to FIG.
3e. The vias are formed after depositing encapsulant 130 with
active surface 128 of semiconductor die 124 facing down. The
vias extend through insulating layer 191 and the silicon region
of semiconductor die 124 and insulating layer 182 to conductive
layer 186. Likewise, a plurality of vias is formed through
insulating layer 191 and encapsulant 130 and insulating layer
182 using laser drilling, mechanical drilling, or DRIE, similar
to FIG. 3f. The vias are formed from the same side and extend
to conductive layer 186. The vias are formed simultaneously or
consecutively from the same side during the same manufacturing
process using the same carrier 120.

An optional insulating or dielectric layer can be
formed on the sidewalls of the vias using PVD, CVD, or thermal
oxidation process. The insulating layer can be one or more

layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
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providing a carrier; mounting a semiconductor die over the carrier; depositing an encapsulant over the
semiconductor die and carrier; forming a plurality of first vias through the semiconductor die while
mounted to the carrier; forming a plurality of second vias through the encapsulant in the same
direction as the first vias; depositing electrically conductive material in the first vias to form first

conductive vias and in the second vias to form second conductive vias;
or other suitable dielectric material.

The vias through encapsulant 130 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 conductive TMVs 192. TMVs 192 are electrically
connected to portions of conductive layer 186. The vias through
semiconductor die 124 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
conductive TSVs 194. TSVs 194 are electrically connected to
other portions of conductive layer 186.

An electrically conductive layer 196 is formed over
insulating layer 191, TMVs 192, and TSVs 194 using patterning
and PVD, CVD, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer
196 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 196 is electrically connected to TMVs 192 and TSVs 194 and
operates as an RDL to extend the electrical connectivity for the
TMVs and TSVs.

A photoresist layer 198 is deposited and patterned
over insulating layer 191 and conductive layer 196. A portion
of photoresist layer 198 is removed to expose conductive layer
196. An optional conductive layer 200 is formed over conductive
layer 198 using patterning and PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 200 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive

material. Conductive layer 200 forms a multi-layer UBM
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forming a first interconnect structure over the encapsulant and electrically connected to the first
conductive vias and second conductive vias; removing the carrier; and forming a second interconnect
structure over the encapsulant opposite the first interconnect structure and electrically connected to the
first conductive and second conductive vias. 8. The method of claim 7, further including: planarizing
the encapsulant with a back surface of the semiconductor die prior to mounting the first interconnect

structure; &8hd YA HFmindan fistifatirty|afe PAverafe S8 nfido o1 -die BhdBHeapsulant. 9. The method
of claim &furheriashudindic barrier layer contains Ni, TiwW, CrCu, NiV, Pt,

or Pd. The adhesion layer contains Al, Ti, Cr, or TiN. UBM 200
provides a low resistive interconnect, as well as a barrier to
Cu or solder diffusion. Alternatively, wire-bondable pads may
also be formed over conductive layer 196. Conductive layer 196,
photoresist layer 198, and UBM 200 constitute a build-up
interconnect structure 202.

In WLCSP 204, build-up interconnect structure 202 is
electrically connected to contact pads 126 of semiconductor die
124 and conductive layers 184 and 186 of build-up interconnect
structure 180 through conductive TMVs 192 and TSVs 194. TMVs
192 and TSVs 194 are formed from the same side during the same
manufacturing process after depositing encapsulant 130. Since
TSV 194 is formed after encapsulation, the same support
structure, i.e., build-up interconnect structure 180, is used to
form both TMVs 192 and TSVs 194. The separate manufacturing
processes and different carriers noted in the background are no
longer necessary. In addition, the formation of vias in the
passivation layer over TSVs mandated in the prior art can be
avoided. The vias used to form TSVs 194 extend through
passivation layer 191, thus saving a process step required in
the prior art. The continuous structure of TMVs 192 and TSVs
194 reduces contact resistance, increases conductivity, and
improves signal integrity. Accordingly, forming TMVs 192 and
TSV 194 from the same side during the same manufacturing process
using the same support structure simplifies the manufacturing,
reduces cost, and reduces risk of defects. The formation of
TSVs 194 after mounting semiconductor die 124 to carrier 120 and
after depositing encapsulant 130 reduces device failures due to

TSV formation defects in the wafer level.
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depositing the electrically conductive material over sidewalls of the first vias to form the first conductive
vias; and forming an insulating material in the first vias over the first conductive vias. 10. The method
of claim 7, further including: forming bumps on contact pads of the semiconductor die prior to mounting
the semiconductor die over the carrier; and mounting the semiconductor die with bumps to the carrier.
11. The method of claim 10, further including depositing encapsulant or underfill material around the

bumps beneath the seftéondtictoi thds 18 -rRE fethod OF ciaffi 7 farthérificluding forming an insulating

material eversidewalls of thefisstadas,and secard vias priod 1o depasiting the-elestrically sonductive

material to form the first conductive vias and second conductive vias. 13. The method of claim 7, further
layer 146, UBM 147, TMVs 142, TSVs 144, bumps 160, and

including:
conductive layers 154 and 156 of build-up interconnect structure
150.
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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stacking a plurality of the semiconductor devices; and electrically connecting the stacked
semiconductor devices through the first and second interconnect structures and first conductive vias and
second conductive vias. 14. A method of manufacturing a semiconductor device, comprising: providing a
carrier,; mounting a semiconductor die over the carrier with an active surface of the semiconductor die
oriented toward the carrier; depositing an encafsulant over the semiconductor die and catrrier;
removing the carrier; Claims

What is claimed:

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

providing a temporary carrier;

mounting a semiconductor die over the temporary carrier;

depositing an encapsulant over the semiconductor die and
temporary carrier;

forming a first insulating layer over the semiconductor die
and encapsulant;

forming a plurality of first vias through the first
insulating layer and semiconductor die while mounted to the
temporary carrier;

forming a plurality of second vias through the first
insulating layer and encapsulant while the semiconductor die 1is
mounted to the temporary carrier;

depositing electrically conductive material in the first
vias to form conductive through silicon vias (TSV);

depositing electrically conductive material in the second
vias to form conductive through mold vias (TMV);

forming a first interconnect structure over the first
insulating layer and electrically connected to the conductive
TSV and conductive TMV;

removing the temporary carrier; and

forming a second interconnect structure over the
semiconductor die and encapsulant opposite the first
interconnect structure and electrically connected to the

conductive TSV and conductive TMV.
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forming a first interconnect structure over the encapsulant and active surface of the semiconductor die;
forming a plurality of first vias through the semiconductor die and a portion of the first interconnect
structure; forming a plurality of second vias through the encapsulant and a portion of the first
interconnect structure in the same direction as the first vias; depositing electrically conductive material
in the first vias to form first conductive vias and in the second vias to form second conductive vias; and

forming asecontliftetESAIRStL Strutttfe Bvér the sicapRuldit opposite-the'istinterédiinect structure and

electricallyiconnected to,thedissteconsluctive viasangtseaond condustiveswias1adlthe Bethad of claim

14, further including; . planarizing the encapsulant with a back surface of the semiconductor die; and
or an acCtive surfacé of the semiconductor die.

3. The method of claim 1, further including:
depositing the electrically conductive material over
sidewalls of the first vias to form the conductive TSV; and
forming a second insulating material in the first vias over

the conductive TSV.

4. The method of claim 1, further including:

forming bumps on contact pads of the semiconductor die
prior to mounting the semiconductor die over the temporary
carrier; and

mounting the semiconductor die with bumps to the temporary

carrier.

5. The method of claim 4, further including depositing
encapsulant or underfill material around the bumps beneath the

semiconductor die.

6. The method of claim 1, further including forming a second
insulating material over sidewalls of the first vias and second
vias prior to depositing the electrically conductive material to

form the conductive TSV and conductive TMV.

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

providing a carrier;

mounting a semiconductor die over the carrier;

depositing an encapsulant over the semiconductor die and

—-29—



forming an insulating layer over the semiconductor die and encapsulant. 16. The method of claim 14,
further including: depositing the electrically conductive material over sidewalls of the first vias to form
the first conductive vias; and forming an insulating material in the first vias over the first conductive
vias. 17. The method of claim 14, further including: forming bumps on contact pads of the
semiconductor die prior to mounting the semiconductor die over the carrier; and mounting the
semicondiittortdié with bumps to the carrier. 18. The method of claim 17, further including depositing
encapsulant or urderfil nateraharaund the bumps HeneathsthenseigAndueiokdigi conductor

die while mounted to the carrier;

forming a plurality of second vias through the encapsulant
in the same direction as the first vias;

depositing electrically conductive material in the first
vias to form first conductive vias and in the second vias to
form second conductive vias;

forming a first interconnect structure over the encapsulant
and electrically connected to the first conductive vias and
second conductive vias;

removing the carrier; and

forming a second interconnect structure over the
encapsulant opposite the first interconnect structure and
electrically connected to the first conductive and second

conductive vias.

8. The method of claim 7, further including:

planarizing the encapsulant with a back surface of the
semiconductor die prior to mounting the first interconnect
structure; and

forming an insulating layer over the semiconductor die and

encapsulant.

9. The method of claim 7, further including:

depositing the electrically conductive material over
sidewalls of the first vias to form the first conductive vias;
and

forming an insulating material in the first vias over the

first conductive vias.
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19. The method of claim 14, further including forming an insulating material over sidewalls of the first vias
and second vias prior to depositing the electrically conductive material to form the first conductive vias
and second conductive vias. 20. The method of claim 14, further including: stacking a plurality of the
semiconductor devices; and electrically connecting the stacked semiconductor devices through the
first and second interconnect structures and first conductive vias and second conductive vias. 21. A

semiconddttor dé\ic& Cormdtisiiy: G- 8emicondbittor B aféncapsifant deposited over the

semiconductor dierming bumps on contact pads of the semiconductor die
prior to mounting the semiconductor die over the carrier; and

mounting the semiconductor die with bumps to the carrier.

11. The method of claim 10, further including depositing
encapsulant or underfill material around the bumps beneath the

semiconductor die.

12. The method of claim 7, further including forming an
insulating material over sidewalls of the first vias and second
vias prior to depositing the electrically conductive material to

form the first conductive vias and second conductive vias.

13. The method of claim 7, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the stacked semiconductor devices
through the first and second interconnect structures and first

conductive vias and second conductive vias.

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

providing a carrier;

mounting a semiconductor die over the carrier with an
active surface of the semiconductor die oriented toward the
carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier;

forming a first interconnect structure over the encapsulant

and active surface of the semiconductor die;
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a first conductive via formed through the semiconductor die; a second conductive via formed through
the encapsulant in the same direction as the first conductive via; a first interconnect structure formed
over the encapsulant and electrically connected to the first conductive via and second conductive via; and
a second interconnect structure formed over the encapsulant opposite the first interconnect structure and
electrically connected to the first conductive via and second conductive via. 22. The semiconductor

device of claim 2 fiHREr hchidiig biimpsTormed Bh cohtact Patis & the SEmicahdtety dd. O *

die and a portion of the first interconnect structure;

forming a plurality of second vias through the encapsulant
and a portion of the first interconnect structure in the same
direction as the first vias;

depositing electrically conductive material in the first
vias to form first conductive vias and in the second vias to
form second conductive vias; and

forming a second interconnect structure over the
encapsulant opposite the first interconnect structure and
electrically connected to the first conductive vias and second

conductive vias.

15. The method of claim 14, further including:

planarizing the encapsulant with a back surface of the
semiconductor die; and

forming an insulating layer over the semiconductor die and

encapsulant.

16. The method of claim 14, further including:

depositing the electrically conductive material over
sidewalls of the first vias to form the first conductive vias;
and

forming an insulating material in the first vias over the

first conductive vias.

17. The method of claim 14, further including:
forming bumps on contact pads of the semiconductor die
prior to mounting the semiconductor die over the carrier; and

mounting the semiconductor die with bumps to the carrier.

—-32-



23. The semiconductor device of claim 22, further including underfill material or encapsulant deposited
around the bumps beneath the semiconductor die. 24. The semiconductor device of claim 21, further
including an insulating material formed over sidewalls of the first vias and second vias. 25. The method of
claim 21, further including a plurality of stacked semiconductor devices electrically connected through the

first and second interconnect structures and first conductive vias and second conductive vias.
18. The method of claim 17, further including depositing

encapsulant or underfill material around the bumps beneath the

semiconductor die.

19. The method of claim 14, further including forming an
insulating material over sidewalls of the first vias and second
vias prior to depositing the electrically conductive material to

form the first conductive vias and second conductive vias.

20. The method of claim 14, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the stacked semiconductor devices
through the first and second interconnect structures and first

conductive vias and second conductive vias.

21. A semiconductor device, comprising:

a semiconductor die;

an encapsulant deposited over the semiconductor die;

a first conductive via formed through the semiconductor
die;

a second conductive via formed through the encapsulant in
the same direction as the first conductive via;

a first interconnect structure formed over the encapsulant
and electrically connected to the first conductive via and
second conductive via; and

a second interconnect structure formed over the encapsulant
opposite the first interconnect structure and electrically

connected to the first conductive via and second conductive via.

22. The semiconductor device of claim 21, further including

bumps formed on contact pads of the semiconductor die.
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23. The semiconductor device of claim 22, further including
underfill material or encapsulant deposited around the bumps

beneath the semiconductor die.

24. The semiconductor device of claim 21, further including an
insulating material formed over sidewalls of the first wvias and

second vias.

25. The method of claim 21, further including a plurality of
stacked semiconductor devices electrically connected through the
first and second interconnect structures and first conductive

vias and second conductive vias.
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