SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTERPOSER FRAME OVER
SEMICONDUCTOR DIE TO PROVIDE VERTICAL INTERCONNECT Field of the Invention The
present invention relates in general to semiconductor devices and, more particularly, to a semiconductor
device and method of forming an interposer frame over a semiconductor die to provide vertical electrical
interconnect. Background of the Invention Semiconductor devices are commonly found in modern

electronicHIGGAECEETE R fdrt AR M P Fn FRBM NG SHASRF Q5B fi¥&fents.
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diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide semiconductor
field effect transistor (MOSFET). Integ ng&eg%cs%qldéjcior devices typically contain hundreds to millions
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of electrical components. Examples of integrat emiconductor devices include microcontrollers,

microprocessors, charged-coupled devices (CCDs), solar cells, and digital micro-mirror devices (DMDs).
Semiconductor devices perfgrm a.wide;rapgg ©of functions such as sighal pracessing, high-speed
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Background of the Invention

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

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

communications, power conversion, networks, computers, and



consumer products. Semiconductor devices are also found in military applications, aviation, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or base current or through the

process of doping. Doping Introduces impurities into the semiconductor material to manipulate and control
the condﬁ&ﬂlﬁk}%??hé’gé)%%?l%lucto?%‘%f‘c%@dmtOr ACSERiEBRdEEr Bevite EOHtINS Active and
passive eleatricalsirugtyes cAetivnstiuciyres: inclyding bipedariand field effect-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fFa%dwW' 6 Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ ghabl tﬁSI%ﬁﬁ&%ﬁhtc? r QRIS to déornt RighSpaetiCalcdisiiohs Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asinrgp o camplexocmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

hundredsm(%lfrl sjtgb1 r%nt-kéﬁd méenuafggtuﬁﬁa AVOIVES the Tformation of a pjﬂjeraﬁtyoo]? i€ on the surface of a

semiconductarcwaferrEacir dieds typiealiyridentical @hddcamtaigs cirdwitsi foymedthyoelectrisally connecting
;‘ﬁiﬁs"heegrﬁﬁ%@gﬁﬂ%ﬁ%i%g%?gs‘iéo%ri% fanpiaciunng involves singylating indiyidual die from the
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 resulting in die with smaller, higher density active and passive
componentS Batk-eiid Broceseds mEyesilt #1'SeRitohtt et dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packagingiuatedals- ing islna genyantienal fan-out
wafer level chip scale package (Fo-WLCSP), a semiconductor dje is typically enclosed by an
encapsulﬁﬂﬁﬁ?olb S HERORBHHIA U AYercEinect EHAULIITE 416 Yormied &vér'Spbosite surfaces of the
encapsulast Asredistebutignolayer, (RRLxand mnsslatingdayenarecommoealydermed withini thestop and
bottom build-up ir}t rconnect structures. In addition, acogguctive pillar is typicall f(grmed through the
encapsulant %r%-(ﬁ%e%ﬁ%ﬂ tical electficht int8ftonhdat bétvedn the ?&éy fd %%tt m’intéréonnect
structuredathe eonductivepilfasanorRDL forrhation are kiwowin toolse complicatedecexpensive, and
time-consumi rocesses involying lithography, etching, and metal deposition. Summary of the Invention
A oot LR e AU v e At A 15 o E T EE A et ting
conductivehpillarand RBldfopmation forrlewel manufactudng cestsh Ascerdirgly, ih omesembodiment, the
present inyention,js 2 meffiod of making 4 semisandyalor devic comerieing,ine stes of prayiding a
carrier, mountinga first semiconductor die over the carrier, prowcﬁng an int poser%rame a%;lng an
opening incthe Wtetposeefrapradnd agplurddityiofcanttk tive pillars formeshovet ¢he interposenframe,
mounting the interposer.ayex the,caryier. and first semicendyctor die yith, the conduictive pillars disposed
around the first semiconductor die, depositing an encapsulant through the opening In the interposer frame
over the warfier aad first semiconductor die, removing the carrier, and forming an interconnect structure

over the encapsulant ang first.semicopductor die, , o+ |3 apother embadiment, the present invention is

a method of making a semiconductor device comprising the steps of providing a carrier, mounting a first

semicondifctredie olep tRE-Eafrier, deptditingCaferéapsuld over theréarrier Eng Tirstsensicbnductor die,

providingan interposen frame having,an opgning:in dhe interposer frame-and, a,plurality of conductive
pillars formed over the interposer frame, mounting the interposer over the carrier and first semiconductor
die by préss€ing e mterpBsérraine dyaiist the encassutant FsiRcviRg thé Bafier 2aTd fotiiing an

interconnect stiyciure gverithe encapsulanband first semiconductef digyer are commonly
formed within the top and bottom build-up interconnect
structures. In addition, a conductive pillar is typically
formed through the encapsulant for z-direction vertical
electrical interconnect between the top and bottom interconnect
structures. The conductive pillar and RDL formation are known
to use complicated, expensive, and time-consuming processes

involving lithography, etching, and metal deposition.
Summary of the Invention

A need exists to provide z-direction vertical
electrical interconnect for a Fo-WLCSP while reducing conductive
pillar and RDL formation for lower manufacturing costs.

Accordingly, in one embodiment, the present invention is a



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a first semiconductor die, providing an interposer frame having an opening in the
interposer frame and a plurality of conductive pillars formed over the interposer frame, mounting the
interposer over the first semiconductor die with the conductive pillars disposed around the first
semiconductor die, depositing an encapsulant over the first semiconductor die, and forming an

interconrBet 8dctife BF&rthE ehcapEHERTENE fifdt semidsifuctortie S1R9 Ehj gHdtRer &thbodiment,
the present bveitiog is asenicerductordevier;camprising astirst semicanduetos tie and interoser frame
mounted over the first semiconductor die. The interposer frame has an opening in the interposer frame
and a plUrafity bf EonBa&i it s I0rmed 6TEARE intErpT%er traé AR BnERPEUIA id WepBSited over
the first sentieendister die aAa intercannectistauctuke isfouned averthe encapsulant ana disst
semiconductor die. Brief Descrjﬁption of the Drawin FIG. 1 illustrates a PCB with different types

of packades fothted o5t Sitface; T - ame” ﬁ@g%ﬁ&&% ilfubtrate e HetaiPSfthe Tapresentative

semiconductaripackages Maunted é¢mtheoRCB;tor di&lGsrBa-Bedllusiraie atsemicpnducterswafer with

a plurality, of semiconductor gie separated by saw sieefitor die, depositing an
encapsulant through the opening in the interposer frame over the
carrier and first semiconductor die, removing the carrier, and
forming an interconnect structure over the encapsulant and first
semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting a first semiconductor die over the
carrier, depositing an encapsulant over the carrier and first
semiconductor die, providing an interposer frame having an
opening in the interposer frame and a plurality of conductive
pillars formed over the interposer frame, mounting the
interposer over the carrier and first semiconductor die by
pressing the interposer frame against the encapsulant, removing
the carrier, and forming an interconnect structure over the
encapsulant and first semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die, providing an interposer
frame having an opening in the interposer frame and a plurality
of conductive pillars formed over the interposer frame, mounting
the interposer over the first semiconductor die with the
conductive pillars disposed around the first semiconductor die,
depositing an encapsulant over the first semiconductor die, and

forming an interconnect structure over the encapsulant and first



FIGs. 4a-4f illustrate a pre-formed interposer frame with conductive pillars formed over the interposer
frame; FIGs. 5a-5h illustrate a process of forming a Fo-WLCSP with an interposer frame and
conductive pillars providing vertical interconnect for a semiconductor die; FIG. 6 illustrates the
Fo-WLCSP with the interposer frame and conductive pillars providing vertical interconnect for the
semiconductor die; FIG. 7 illustrates a plurality of stack Fo-WLCSP each with an interposer frame
and condtetive pIAFS providing vertical interconnect for the semiconductor die; FIGs. 8a-8g

illustrate mounting the inteposen ramanpvel anercapslat shEBht  invenkl® ilystsates the
Fo-WLCSP with the interposer frame mounted over the encapsulant slurrg(é;&hl_T FIGs. 10a-10e
icon

illustrate FSHHIG B Mo Hame Wt Eavit e td pdrtiafly cSair e fdGorar;

interposer frame mounted over the first semiconductor die. The
interposer frame has an opening in the interposer frame and a
plurality of conductive pillars formed over the interposer
frame. An encapsulant is deposited over the first semiconductor
die. An interconnect structure is formed over the encapsulant

and first semiconductor die.
Brief Description of the Drawings

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

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

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4f illustrate a pre-formed interposer frame
with conductive pillars formed over the interposer frame;

FIGs. 5a-5h illustrate a process of forming a Fo-WLCSP
with an interposer frame and conductive pillars providing
vertical interconnect for a semiconductor die;

FIG. 6 illustrates the Fo-WLCSP with the interposer
frame and conductive pillars providing vertical interconnect for
the semiconductor die;

FIG. 7 illustrates a plurality of stack Fo-WLCSP each
with an interposer frame and conductive pillars providing
vertical interconnect for the semiconductor die;

FIGs. 8a-8g illustrate mounting the interposer frame

over an encapsulant slurry;



FIG. 11 illustrates the Fo-WLCSP with the semiconductor die partially contained within the cavities of the
interposer frame; FIG. 12 illustrates the Fo-WLCSP with a bond wire type semiconductor die
mounted over the interposer frame; and FIG. 13 illustrates the Fo-WLCSP with an ISM mounted
over the semiconductor die. 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 #ie sdmeé or&imfiat g mierts. Wil the invehtlort 85de'seriBER G terms of the

best moderfenachisvingdhe dmvantions ehjectivesi Kl beappygciated 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 &S @&fined By tHE abpLHasd LiaimS A their edTivaiers B StbpbRedby the
followingwlisclosthe andadraningsart i al 1 pemicerductohde\dees awengenarally enaapfactured using two

complex manufacturin% lJLt:rocefnls‘les,: front-end man%?cturin_g/iand back-egd r%anufacturing. Front-end
manufacturing involves the-formation 8f & plurafity 0t dié On the Surfdcd 3f 57€
semiconductor die partially contained within the cavities of the
interposer frame;
FIG. 12 illustrates the Fo-WLCSP with a bond wire type
semiconductor die mounted over the interposer frame; and
FIG. 13 illustrates the Fo-WLCSP with an ISM mounted

over the semiconductor die.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



semiconductor wafer. Each die on the wafer contains active and passive electrical components, which are
electrically connected to form functional electrical circuits. Active electrical and diodes, have the ability to
current. Passive electrical inductors, 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,

depositioch PREAtHographys téhing, e plaharnzationd Dopittfmtrodadss impuritiestinforthe®
semicondusterinatesiak by technigues siahras ion implartation op thermad diffusian: lheidoping process
modifies the electrical conductivity of semiconductor material in active devices, transforming the

semiconditEMGRETRY it A ifsulaftirAEdridiictor, OF dYramicatly thangihgthe seRficonductor material

conductivity-in $€spensestp anrelecticdietd Dk base sHirpnbdtarsisior®canrtan wgionswefnatying types
and degrees of doping arran e? as ne essarg, to enable the transistor to promote or restrict the flow of
electrical turfent ﬁ%én e 8695 CHtON DS Bitiric fidil of base Eufreht s - Active and passive
components are formedadyslayersaofdnaterialsewith differenttelectricalfaropertiesv &he tayers can be
formed bg a variety 8tfd%%oesition tecgg(iﬂyets det%rr’r%igedkijn partsbé/rtrfg ty%gf\c/)f material bejcne%)deposited.

For examplfé:, tAin film deposit“?c?nmrln%y invoive chémical vaﬁﬁora deposmosn ij,op%?/gféafva or deposition

(PVD), electrolytic piatihgp and elettrotesstplating prodgessés Heactrlalyer issgerierally, patterned to form

portions of.active .components,ﬂoassive components, or.electric?liceosnnlegtci%nstR%tween components.

The Iaye%l(?anna e f)%j[:téronned usw%3 ﬁﬁgtoh{ho%raﬁhye, Which mvolves the deposition of light sensitive

material, €5 photdvesisty overtthelayerty becpatteraed sA patterrmis 1on 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
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,

photoresist, over the layer to be patterned. A pattern is



transferred from a photomask to the photoresist using light. The portion of the photoresist pattern
subjected to light is removed using a solvent, exposing portions of the underlying layer to be patterned.
The remainder of the photoresist is removed, leaving behind a patterned layer. Alternatively, some types
of materials are patterned by directly depositing the material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and electrolytic plating. Depositing

a thin filnt bEREtETH Vel ARBXFHRG PtBAT Cal @xafGerate fier Gridetlying’ paterh’diticreate a
non-uniforady flat-surtacec A unitormhollahsustace is sequirad toyweduee smaden anth mare densely
packed active and passive components. Planarization can be used to remove material from the surface of
the wafer &A Brstuee d Gniforriily N Surfaed PanFiZat6n Gives pdiidhiny e suffHie of the wafer
with a polishiag pad. As abiasive materialand eeresivel chemicat ate added te thessurface of the wafer

during polishin\?. ghe combined q?cha ical actjon of téﬁ afrasive and corrosive,action of the chemical
removes AR 7 y

tlar TohOGPEIY. Ped\iiting i Lhifd Y Shrfacé: Badk2aid #ianlfacifify refers to
cutting orsipgulatirig the imished wafer into-therindiwidoal dierand the ndeackagingnfetdie for structural

support and envjr0£|men$ta| i%%Iation. To singulate éhe (tjie, the nger is scored and broken along
aterila in e.areqds o vVQl ormed a revious .
non-functionai regions o the wafet cailed Saw’streets of scribes. The wafer 1s singulated using a laser

cutting tookppsaw bitade: After singudation, thenindividial dimare motintetstoed patkagessubstrate that
includes QTeSchrrCé) fact gad§ afl%r. irqterconnection with other system components. Contact pads formed
over the semiconductor die are then connected to contact pads within the package. The electrical
connections can be madgecwith sofder dubips) sfudlbumpsredrductive paste, on wirebonds.gAn

encapsulggt or.gther mpldipg materieLis deposid oy he packagefo provide physical sypport and

electrical'isolation. The finished package is then Inserted into an electrical system and the functionality of
the semiconduetordevicesis madd availablé tothefothel sydtémtcoirpdagstsis 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
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



FIG. 1 lllustrates electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with
a plurality of semiconductor packages mounted on its surface. Electronic device 50 may have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone iﬁtem that uses the semiconductor packar%es to perform one

or more Sl€tFicYrfahétord AlRRTERER, electfontc G&ViEe $8 m&y BB SutdinpsHent of Radfger
system. karexagplecelestiapis deyiceddb@mayhe part ohacellulas phose, persenakdigitalassistant
(PDA), digital video camera (DVC), or other electronic communication device. Alternatively, electronic
device 50'Caft BERGHaphits Crd hétork thitertae Card” ot %%he]rssiéjr‘?é?%?&ctees%in‘bv@d:rd{hﬁt can be
Inserted pd@Ropmpiies dheisemicanducian package-ean nelusesmicroproTessers amestories,
applicatioT specific in%eggated gﬁircuits ,(AS%%), IO%:% circ%its analo circuitj;, RF c,ircui];[s, discrete devices,
or other semicondd&tsr die s eldicalcompdhe e thiriaturizallon Afid the G ght&aG8tion are
essentialdfarthese procucts so be acgepteddethesmarketdlie distarceihetweenrsefriconductor devices
must be de%re'i\g%q(teo %chi ve hg%hheé]gegsit% In F(I:(gmlbggg) 582 provides a general substrate for
structuraﬁéfuplpor and eféctrical interconnéct of the seﬁucondtucfor packages mounted on the PCB.
Conductive signal trac€9 64 are formedt overes serface oowithindayerseof RCB &2 iusing evapgration,

electrolytlccaprlgtﬂre\% eskle1 tggvl%%% Qlaggg screen QJ'QEQ%U%:O'[ 8raf $! |ta@%§'5et%(;2d%piqcsk|ltlo?rg process. Signal
traces 54 provide for electrical communication between each of the semiconductor packages, mounted
componepisiantdidthepéxtesnal cysténs tompoaehtsy T racesBy alsoprovite powetare .ground

connections toeachsof the semiconductor packages.. ¢, . Insome embodiments, g semjgonductor

device has two packaging levels. First level packaging is'a technique for mechanically and electrically
attachingthesehtieorductoicdie to andatermedibite caricraSkeass levetpackaity mvoh/es mechanically

and electgcgliv aiaching theplermedialesarieriodbe SCR -lp alberembodimentz.a semiconductor
device may only have the first level packaging where the die is mechanically and electrically mounted
directly t¢tHe"PCBy FI1G. 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 part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.

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



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
semicondUdtdi ik es “Esitiguréd dith iy ‘Cohbihatior 6f st AR 'seednd &vel packaging styles, as

well as othen etectionic-ecempanents-cambe conpeetedia LGB 2. Incseme embedimesis electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconnectst fackhgesSBY LoRBinIAYG The or o SEmRbnluEDd hackdges ovér & Sfhgté substrate,
manufactuserscagninporpotaterprednade eomponenislintoi electrenic dlevices andosystams., Because the
semiconductor packages jnclude sophisticated functionality, electronic devjces can be manufactured
using chéper cdnponentd'drid %rstpe%lﬁ%ﬁe%%gﬁ%f]a%td?%%%o 689 Srhe @dulting Wevices are less
likely to fail gnd lessrexpensie tormandfactive resuting inca lowencost faragonsuntessween  FIGS.
2a-2c showg%(eg%ol%r semiconduclﬁor ack:i%eskFlG. 2a iIIustrrl%tgg fL(J:rther detaié of DIP 64 mounted on

PCB 52. Sefmiconductor die 74Tnciudss an ?i(\:/earggiséh c%%lflalnlng an%Tgéjg?eBiglstél Sircuits implemented

as activedavicess passive tewigces coonductive dayess, artrdietestricllayeérssoformed withip theedie and are

electrically interconnested aecording.lo the electiical desion qlhe dis, Forexample, e dreuit may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed

within the active regiontof semieontbctor tienZ4 ,Contaetpads 76 areoone ev srellayers b conductive

material syeh as aluminu (A1), coppet (Gul, 0 (S1). piskel (V) gold (3, o sier(Ag), and are

electrically connected to the circuit elements formed within’semiconductor die 74. During assembly of DIP
64, semigrdueiordie ¥4 is ndounted tor an dntéimediatecbarntier Y8usivira goldisiicon edteeti€ fayer or

adhesive material sychias thermal epoxy or gpaxy resin. The package hody:inclydes an insulative

packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
interconréef betiveehldemrebRdGEDF Biel 74 And PCE 52h ERgapsiftant 84 eposited @VEE tHerpackage

for enviranmental protectionby.prexventing, meistura and Qagt&tﬁscf&%w%n}n@meie%ck@%y and
contaminating die 74 or wire bonds 82. FIG. 2b illustrates further detail of BCC 62 mounte
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. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple

interconnected packages. By combining one or more semiconductor
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on PCB 52. Semiconductor die 88 is mounted over carrier 90 using an underfill or epoxy-resin adhesive
material 92. Wire bonds 94 provide first level packaging Interconnect between contact pads 96 and 98.
Molding compound or encapsulant 100 is deposited over semiconductor die 88 and wire bonds 94 to
provide physical support and electrical isolation for the device. Contact pads 102 are formed over a
surface of PCB 52 using a suitable metal deposition process such as electrolytic plating or electroless

plating todsrebeftoxidation. €ontact pads o ark Slecti Ay EsiEcted td-6he bF HrE CoRbifictive signal

traces 54JAPGBEH2. Buste4 are formeshetwesn contach pads 98ref BGG GZwand contact pads 102
of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106

with a flig°6%ip Sie fifst 1678 haRRAYIRG CACRAEIEYTSHT 108 6f SEMicHHAteHr Hie 58 Contains analog or
digital cireuits-tmpleriented as astive davices,passive devices; canductiveclayers, and slielectric layers
formed according to the electrical design of the die. For (eg{ample, the circuit may Include one or more

transistors’ Aiddes, MATRIGIS Capacitors? rédisors: AniSthBrBird it &iBments Withinadtive région 108.
Semicondectoi dientB seeléctrisalyand arechanically coaneéeted tacarrier 196ethraughi bemps 110.
BGA 60 iI% aerllecéri%%Il}lraendrrgeg?%r{icalIy %orénelct%de to E§§t5% Writhc% ;Bls()BﬁA gt !se second level packaging
using bumpsl‘i 2¢ Semiconductor dié 58'is elec?rlceﬁly connected to conductive signal traces 54 in PCB
52 through bumps 110F $ignal res2Tl4 e burmpe 14 2yAsroldinghcompounderceacgssulant 116 is

deposite(} er emicE)Tdu tor die 58 an lg:arrie 06.t prgvisl ical suppo tand§ tr'%al isolation
for the dev%ée'. 1%1ae fhp cﬁlsp%géamﬁ:%n Hét%r %Iévi%%]tp%\ﬁdgs a s%r%%ect?i%gﬁg%&%tior%aéh from the
active deVices opsbmicondddter die 58116 edaduetiorpiracksson PCB>52 @rpotderta reduygessignal

propagation distance. lower capacitange, apd improve.overall citcyit periarmance. In gnother
embodiment, theé semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flipdhip- St firse everpacikaghsy dithoutinteraveeliste icakdervagrs formg. 8ashows a

semicondugtorwafer 120 with @ hase substrate material 122 suchsas siligon, germanium.gallium

arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of semiconductor die or
componetts £24 isotmeédorPwafer 120°seberatedis@nv 3Be R, 126'8s described dove.

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
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
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FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and an active surface 130 containing analog or digital circuits implemented
as active devices, passive devices, conductive layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other circuit elements formed within active

surface 120 B iMphlementSSTRGE CREGSr digial tirctits SUEh EEdigitarsigRalprGessdr (DSP), ASIC,

memory, 9 DRer-signal qreeassingeireiib sgmicenduciandie ik24 may alsagontain integrated passive
devices (IPD), such as inductors, capacitors, and resistors, for RF signal processing. In one embodiment,

semicondiietadie 43258 A ifcHip e SEMchnAGCtor did'd 11t STAIPBRR feally CBRGctive layer 132 is
formed ovemnactive sutaced30using $VD MY Ri electrolytic phating, etectrolessiplating pocess, or other
suitable metal dego%:j.itioné)rocessw Conguctive Ia%er 132 can be ane or more Ia%/%rs of Al, Cu, Sn, Ni, Au,
Ag, or oth&rStitabfe elRfricaily SoTdictive mMatetial Cohdlictive tyer 132 Gperates aséontadtpads
electricalyrsonnesiedstodhercircaiis oa active suface 430ation fhrFiGh8aisemieonductor wafer 120 is

singulate thrtou h saw stref%t2126 usigg a S?%N blade or laser cuttin%tfo(f)gla.g%QtO individual
a -fo

semiconductor die 1%1(.18 HG. 2a-4t Shows Fornfation of & wafer rm, stripl‘llr?tlerrlgosaer with

conductivapitiars] ¢n kG o4a,esulssttate or care: 440scoritains terpotary by sacrificial thase material

such as silircoenlgglcymelr bgr llium oxide, or other SH'ta%IQilggicloos{t{ rigi%gnnattgrci%l for étéu‘itH'?l support.

ylli .
An Interface layer o}raoﬁb 8-gi éathlaIE)% 1472 {5 formed over carrier 140 as a tempor%?y adhesive bonding
film or etel-stopllagér Acsérhiconductor wadertor substrate 144 eontainsia base nyateriall such as silicon,

germaniym,.galliun arsenidegindium ppagphide (or sjliconccarnide. forstruciural suppart. Asa

semiconductor wafer, substrate 144 can contain embedded semiconductor die or passive devices.
Substraté 842 taR s Be anaultidayecianinate, ¢eransié, si9Badftame. Substrate 144 is mounted to

interface layer 142 ovey cagries 140. ¢ cn1 MFIG4b,.2 plurality of wias is farmed:through, substrate 144

using laser drilling, mechanical drilling, or deep reactive ion etching (DRIE). The vias are filled with Al, Cu,
Sn, Ni, AtCAGNfitahlPR URT furister 6w), gty Siliedn 2orfdther stitablé elektrically Tondaise material
using elegirolytie plating, glectrolessplating pregess. arothersiitable metaldepositionrogess to form
z-direction vertical interconnect conductive vias 146.

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

physical support and electrical isolation for the device. The

flip chip semiconductor device provides a short electrical

conduction path from the active devices on semiconductor die 58
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An insulating or passivation layer 148 is formed over a surface of substrate 144 and conductive vias 146

using PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation. The insulating layer
148 contains one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum pentoxide (1a205), aluminum oxide (Al203), or other material having similar insulating and

structural properties. A portion of insulating layer 148 is removed by an etching process to expose
substrate P44 8Rd CohdGEtiveias 3467 FCB SAn Eletricilly dondtictivifayer 8FRDL 150 is formed

over the expesesksubsirate 144 a8d congustive-yias 46Uy apatternipg and roetal deposition process
such as printing, PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive layer 150

can be offé bf Hidre %yerS BFALCu, Sri, NiPAGTAG oF BIRRT SURANIe el Grical CoytidivE material.

Conductive dayes 158rs etectidcallyrconnecipddnLontyetivel vias 1¥6conne ct HFHE.4¢; @1substrate or
carrier 154 contains temporary or sacrificial base m:a%rial such as silicon, polymer, b%)(llium oxide, or

other suitable fow-cost figiddnAtetial for Strudturals Jp%?t?A%eiH?e]rfa%%ﬁ &Y&%o% Rided tape 156 is

formed overearrier 154 as@ateniparanoadhesive bonding film or etch-stop layer. Leading with insulating
layer 148 and conducti %ayejr 150h substrate 144 is r’gour%ted to ir}terfaﬁg yer 156 over carrier 154.
Carrier 140 and interface aiyeral4§ éjrvésre?noi’/@éﬂjbci/oéheurr%cgfetvéﬁln%,rmec anica pgellnags,%MP,
mechanical lggindings thertwat bake 1UY lightdasersscanhingy oy Wt strippingnto exploseuansurface of

substrate 144 angiconducati.ve via§1 146 op osite condyctive Ia)éer 1b50d AnCinsuI@tin r
passivatica)ﬁ faey%lr B8 is formad bver substiate 144 and conductive vias ’14goursinsg fsl\l/f)%r\%) printing,
spin coatingpspray- codting!l sinteririgyorcthesmali oxidation. Sthedinsulating tayer 168tcontaiAs ohe or more

IayaS(ﬁ§g¥%ed on wafer 120 separated by saw streets 126 as described
above.

FIG. 3b shows a cross-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and an active surface 130 containing analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPD), such as inductors, capacitors, and resistors, for
RF signal processing. In one embodiment, semiconductor die 124
is a flipchip type semiconductor die.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition

process. Conductive layer 132 can be one or more layers of Al,
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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 substrate 144 and conductive vias
146. An electrically conductive layer or RDL 160 is formed over the exposed substrate 144 and
conductive vias 146 using a patterning and metal deposition process such as printing, PVD, CVD,
sputtering, electrolytic plating, and electroless plating. Conductive layer 160 can be one or more layers of

Al, Cu, Shuni, Btr, AY, or bther’stitable &Befficay’éordiictive hatefial Tohduchive iyt 180 is

electricalfy-cennegted toccondustive viasslAd: 132 o anether embadiment ceaductive vias 146 are
formed through substrate 144 after forming conductive layers 150 and/or 160. In FIG. 4d, a

photoresf3t Ry 162 14 forad Gier Sisuiating fayer 158 Ahd condattive fay&r 16k phutliity of vias is

formed through photoresistlayger 362 ovemcenrduttive dayerd68-using a patteining aaedeeiching process.
The vias aye filled with Al, Cu, Sn, Ni $u, Ag, Ti, W, poly-silicon, or oiher suitable electrically conductive
material ($IhG &rettsilicTHARTY; eléctrotedd’ plating %Vo&jfé, 5r Sther Stiftabls Hi&tal depsSition process.
Stacked hampsrand stud bumpsacarsalsd benformedin thieeviaga . In FIG. 4e, photoresist layer 162
is removed leaving z-direction, vertical interconnect conductive pillars 164 qver conductive layer 160.
Carrier 154 and interfafég%aiye%al% %argﬂrgvrqnsovr}enarbnf/a&leonrﬁcgfet%hm%,fl?nrei%aﬁf%él Sgérlfr%, CMP,
mechanidal geindings thermah bake AUV dight, laseristasning] or WeS stripping:leawingtthe tpre dormed

interposecr:' glrral[nlee %6? Mthc%onncdéjftive E)illars 164. Caonductive il%yéecrs 150 and 1(%% Qggi%qn_dsu&t:i e vias 146

constitute a vertical interconnect %?me??ﬁr%ﬂ%ﬁ%nt%?possaecr?rame 186. One or more openings 168 are
formed threugh interposep framec166 .Gy Ui showsaitdp view obinterposer fraimke1668>with conductive

pmaﬁs16@5EE{0@%H@9§&Q§€rial for structural support. An interface layer

or double-sided tape 142 is formed over carrier 140 as a
temporary adhesive bonding film or etch-stop layer. A
semiconductor wafer or substrate 144 contains a base material,
such as silicon, germanium, gallium arsenide, indium phosphide,
or silicon carbide, for structural support. As a semiconductor
wafer, substrate 144 can contain embedded semiconductor die or
passive devices. Substrate 144 can also be a multi-layer
laminate, ceramic, or leadframe. Substrate 144 is mounted to
interface layer 142 over carrier 140.

In FIG. 4b, a plurality of wvias is formed through
substrate 144 using laser drilling, mechanical drilling, or deep
reactive ion etching (DRIE). The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, titanium (Ti), tungsten (W), poly-silicon, or
other suitable electrically conductive material using
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form z-direction vertical
interconnect conductive vias 146.

An insulating or passivation layer 148 is formed over
a surface of substrate 144 and conductive vias 146 using PVD,

CVD, printing, spin coating, spray coating, sintering or thermal
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FIGs. 5a-5h lllustrate, in relation to FIGs. 1 and 2a-2c, a process of forming a Fo-WLCSP with an
Interposer frame and conductive pillars providing vertical Interconnect for a semiconductor die. In FIG. 5a,
a substrate or carrier 170 contains temporary or sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for structural support. An Interface layer or
double-sided tape 171 is formed over carrier 170 as a temporary adhesive bonding film or etch-stop layer.
In FIG. 58%sétfiicoRBuctof dfe 128 HOATERSS. BAYSE aﬂe%oﬁﬂﬂ-:*%ad\%? IRfETfaRE 18Er°L 742 YT barticular,
semicondiicteridie da4 arednedetedde dnterfage layesd 7dwith aetivessuifece, 130 oriested toward carrier
170. In FIG. 5c, the pre-formed Interposer frame 166 is positioned over carrier 170. The
InterposeP A 168 5s otmted td- Midrdc8layer 1P With cohatttive pMard i64 ispdsed around
semiconductarndie 124 asshewmiatdoi 5d. Akgimentsmarksak73 eam betmade andnterface layer 171 to
assist with mounting Interposer frame 166, Solder paste can also be deposited on r8rier 170 to assist
with aligrM AT Sondiag B ftarposer ftafie 1661 fhe CHIST: Thi T eigAYG cohdlictve pillars 164 is
greater thama thickngsssof seminandugtendies?24: Aceardirgly salgapremainsidetween back surface 128

of semicocndu%tocrtdli%elZé .%nsg I{1£e6rposer frame 166. In FIG. 5e, an encapsulant or molding
compoundO IS mjectedlor deposited through openings 168 around semiconductor die 124 and in the

gap between interposekirame $66 andlthe dieousingta pasté gymtingrecanpressiveimoltingydransfer

molding, liguid sneapsylapt molding..yacuum laminafion. pin,geating, ot other,sutaple gpplicator
Encapsulant 172 can poSIymer composite material, such as epoxy resin with filler, epoxy acrylate with
filler, or pohmmerwith prepet fillek. Encapsakant 172 i®noncoadactive asd envirdnmentaly protects the

Saﬂmon%ﬁ%gr@%ﬂg%g9QE%&Eg¥gg#%%%@%f@dplating, and electroless plating.

Conductive layer 150 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 150 is electrically connected to conductive
vias 146.

In FIG. 4c, a substrate or carrier 154 contains
temporary or sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 156
is formed over carrier 154 as a temporary adhesive bonding film
or etch-stop layer. Leading with insulating layer 148 and
conductive layer 150, substrate 144 is mounted to interface
layer 156 over carrier 154. Carrier 140 and interface layer 142
are removed by chemical etching, mechanical peeling, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or
wet stripping to expose a surface of substrate 144 and
conductive vias 146 opposite conductive layer 150.

An insulating or passivation layer 158 is formed over
substrate 144 and conductive wvias 146 using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation.

The insulating layer 158 contains one or more layers of Si0O2,
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contaminants. Semiconductor die 124 can be mounted to wettable contact pads formed over carrier 170
to reduce die shifting during encapsulation. In FIG. 5f, carrier 170 and interface layer 171 are
removed by chemical etching, mechanical peeling, CMP, mechanical grinding, thermal bake, UV light,
laser scanning, or wet stripping to expose encapsulant 172, semiconductor die 124, and conductive pillars
164. In FIG. 5g, a build-up interconnect structure 174 is formed over semiconductor die 124,

conductive-pilidrs To4and ércapsufaht 272, Phe BERGTPTREFSIect &fdétare 174 icdiudes an

electricallyreanduetiviey layies os RRL-1 66 farmecbising apatterningand metal depasition praeess such as
sputtering, electrolytic plating, and electroless plating. Conductive layer 176 can be one or more layers of
Al, Cu, ShANFAU 2, bF ottt ¥(fdbleYe 8Bt Ay SO IEvE Tigteial. SRS F6ridR ST thAdfctive layer
176 is electricallyTannestesttoveontact padsel32 of semiconductor die 124. Another portion of conductive
layer 176 is electrically connected to cor;lductive illars, 164. Other portions of (igc)ﬁductive layer 176 can be

electrically common or'8ledtricaily isGrated d&pEdhiTg bhTheé Aesign And finction of Semiddhddctor die
124. An insulatingor pagsivationslayer 128 és fotmedndrauntdconductive layer 176 farseleagtrical isolation

using PVD, CVD, printing, Spin coating, spray.coating, sintering or thermal oxidation. The insulating layer
178 contiis e b Fofd Ry S or s L 9N CSIGRC 14205 K203 5 Sthbk ateHal hiving st
insulatingand strocturalprogertie$ A tpostiort dEinsulkating dayerrly 8eCarche rdraeged by anretching

process {0 gxpose conductive laygr 176 for,addijonal elegirical |ngrconnegt. .|

Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 160 is electrically connected to conductive
vias 146.

In another embodiment, conductive vias 146 are formed
through substrate 144 after forming conductive layers 150 and/or
160.

In FIG. 4d, a photoresist layer 162 is formed over
insulating layer 158 and conductive layer 160. A plurality of
vias is formed through photoresist layer 162 over conductive
layer 160 using a patterning and etching process. The vias 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. Stacked bumps and stud bumps
can also be formed in the vias.

In FIG. 4e, photoresist layer 162 is removed leaving
z—direction vertical interconnect conductive pillars 164 over
conductive layer 160. Carrier 154 and interface layer 156 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping leaving the pre-formed interposer frame 166 with

conductive pillars 164. Conductive layers 150 and 160 and
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In FIG. 5h, an electrically conductive bump material is deposited over build-up Interconnect structure 174
and electrically connected to the exposed portion of conductive layer 176 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 t6 ¢BRHGEVEIaYePE76 GSing A St SttacMRABAL-GrBondinG ProtEsCin §& BRtbodiment, the
bump materiahigrefioved By beating the-material abgee #s melting peitt 1o fym gpherical balls or bumps
180. In some applications, bumps 180 are reflowed a second time to Improve electrical contact to

conductive lBY)eF 1 76 TR BRdePbamB INEGIIZAABT (UBRM) cdn'tie formed tHer buhiis Y86 "rhe bumps
can also be conmpressienbondefldo copdudtivie layerdlica Bumps 18a representore bpenafdgterconnect
structure t?%t can be formed over conductive layer 176. The Interconnect structure can also use stud
bump, mi]C 0 bump, or other electrical Interconnect. Semiconductor die 124 are singulated through
Interposer frame 166, encapsutant 472; and buitd-tkp, Intercernecdt stroctiwse 1 74 sithl saw dbladke-or laser
cutting tog)!:182a into_Individual Fo-WLCSP 184, FIG. 6.shows Fo-WLCSP 184 after f?%ﬂlaﬂggd
SemicondUétor die 194 i3 electricaljfy cor%ected)through contact pads 135 a%%lsbund-up hterconnect
structure dyddociondectiviel pilars T and imterposet framle 166 kv preformenbinterposer frame 166
simplifies_the .asse b&g&oc&sg py %gagj g .th need foru%ISDJC_Ipaattterning over at Ieaf. gne surface of

encapsulgﬁﬁ%),nor orming conductive pillars t ?6ugah the encapsﬁla%f “CTEEHIG Tshows a plurality

of stackedFo-WUIGSP <iB4calectrically sormected thrdugh iiterposer frames 166, uildsupl iterconnect
SUUCUHeggfyBg@psgg¥§ﬁpgﬁgngggwg%Wg§lééher suitable low-cost, rigid

material for structural support. An interface layer or double-
sided tape 171 is formed over carrier 170 as a temporary
adhesive bonding film or etch-stop layer.

In FIG. 5b, semiconductor die 124 from FIGs. 3a-3c are
mounted over interface layer 171. In particular, semiconductor
die 124 are mounted to interface layer 171 with active surface
130 oriented toward carrier 170.

In FIG. 5c, the pre-formed interposer frame 166 is
positioned over carrier 170. The interposer frame 166 is
mounted to interface layer 171 with conductive pillars 164
disposed around semiconductor die 124, as shown in FIG. 5d.
Alignment marks 173 can be made on interface layer 171 to assist
with mounting interposer frame 166. Solder paste can also be
deposited on carrier 170 to assist with alignment and bonding of
interposer frame 166 to the carrier. The height of conductive
pillars 164 is greater than a thickness of semiconductor die
124. Accordingly, a gap remains between back surface 128 of
semiconductor die 124 and interposer frame 166.

In FIG. 5e, an encapsulant or molding compound 172 is

injected or deposited through openings 168 around semiconductor
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FIGs. 8a-8g lllustrate, in relation to FIGs. 1 and 2a-2c, another process of forming a Fo-WLCSP with an
Interposer frame and conductive pillars providing vertical Interconnect for a semiconductor die. In FIG. 8a,
a substrate or carrier 190 contains temporary or sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for structural support. An Interface layer or
double-sided tape 192 is formed over carrier 190 as a temporary adhesive bonding film or etch-stop layer.

Semiconddétort die B from Efes 33 Bc SR Hivthted 6FeMAtifacklayér 192 1A partidifard e
semicondicterdie kz4-are rpeunted:ig Jntesase dayer 192wty astive surfacert30 adeateddoward carrier
190. . In FIG. 8b, an encapsulant or molding compound 194 is deposited over carrier 190 and
semiconducior Gie T¥ARSH Sty BEncapidiant Sy o4 EHH BE poRmertdnssEie Mdteridl, such as
epoxy resinwth fillerrepaxy agrylaie witb-filler, f pobsnerwith properdilebe polyriBFIG. 8c, the
pre-formed Interposer frame 166 from FIGs. 4a-4f is positioned ove c%rrieé'j 190. The Interposer frame
166 is mGURRE 14 itefacE falar 105 b5 brassifg the in]fng)JogeWﬁghw anto EncapSaAkt slurry 194 with
force F. Eherpressuaresftam forcel kcauses pntapsttant sttrry 94 4a flatten and completely fill the area

under intEr oser fr%me 1@67%ro.und semicon uctgr. die 124 and conductivetpaili rs 16§ngc%ss

encapsulan? SIBF’& qﬁltexns hrlosugrtlwo(glp_ecn%lgs}l T68."°¢ and \ﬁ/%‘éﬁ%"r%“&?y séa d,pcon uctive pillars 164

are disposed axeund senticonouctordied24 amd contactmglintelfacerdayerak82, as shown in FIG. 8d.

Encapsulant 1%94 surroynds semiconductor.die 154 anfi conductive pillars 1%64. The hei ]et %f conductive
. . T 2 =
pillars 1641s g‘l‘rielrznaltg?l than'a thglc Hﬁle%g%%é(e::m?g::ondluector di 124, é%cénr%llln% ﬁdbac s“lijerf%c% 1]2% of

semiconduotérdie 124ds coveretthyerecapsufant<94] Senticonthebtoredid 19 4sdantlye nwunted to
wettable 88@%&pgg%g%g@gac%v§g§§rrier 190 to reduce die shifting during encapsulation.

In FIG. 5f, carrier 170 and interface layer 171 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose encapsulant 172, semiconductor die 124, and
conductive pillars 164.

In FIG. 5g, a build-up interconnect structure 174 is
formed over semiconductor die 124, conductive pillars 164, and
encapsulant 172. The build-up interconnect structure 174
includes an electrically conductive layer or RDL 176 formed
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 176 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 176 is electrically connected to
contact pads 132 of semiconductor die 124. Another portion of
conductive layer 176 is electrically connected to conductive
pillars 164. Other portions of conductive layer 176 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

An insulating or passivation layer 178 is formed
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In FIG. 8e, carrier 190 and interface layer 192 are removed by chemical etching, mechanical peeling,
CMP, mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose encapsulant
194, semiconductor die 124, and conductive pillars 164. In FIG. 8f, a build-up interconnect
structure 196 is formed over semiconductor die 124, conductive pillars 164, and encapsulant 194. The
build-up interconnect structure 196 includes an electrically conductive layer or RDL 198 formed using a
patterningand eGP OEP6SitiSR ptatess stich dsodputtering T dledtrolyfie pratitigh aHd Biettfoléss plating.
Conductive tgyesA98cante ape o srerelaygrs 95 AyCucar.iNig Aus Ag: oF Oter suitablereleatrically
conductive material. One portion of conductive layer 198 is electrically connected to contact pads 132 of
semiconQittordie 4. ANdther ot of Cohddctivellafer 188 5 SR cfritElly Coftrdcted T Edriductive
pillars 164 £ Ogherportansiaf, conductive dayes 1981carshe electricadly coatmen 1 etegiricadly isolated
depending.on the design and function of semiconductor die 124. . An insulating or passivation
layer 200 1 TorHidd AFoUNFCotictVe IeS et 168 o7 SleBierfsbiation uding BYDL GV printing, spin
coating, spray teating, siatesing oV theraal ioxidationyvEhe linsuatingtlayen200 contais are or more
layers of eSlog gIBCI\(IDAﬂ Ig)N, 'I(;a 0a5, éAI2q037 olt toér%erarggtetrial Qg\iin% férgié%r.iggﬂlating and structural
properties.X R portion o |LrllsuI%1¥ing ay\érrzo can be rémoved By an etching plrocess to expose conductive
layer 198ifor @dditionakelectrical Interconnect. In FIG. 8g, an electrically conductive bump
material is deposited oyer p% .-uglllnteg%onenfct %tructuFell% 8_{1‘% eéeﬁc.tricallg connectced to tlﬂe exposed
e

. . ’ eCtrica E/ ifl ive ump materlia
portion of conductive layer 198 using an evaporation, electrolyfic plating,

is deposited over build-up interconnect structure 174 and
electrically connected to the exposed portion of conductive
layer 176 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 176 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 180. In some applications, bumps 180 are

reflowed a second time to improve electrical contact to

conductive layer 176. An under bump metallization (UBM) can be
formed under bumps 180. The bumps can also be compression
bonded to conductive layer 176. Bumps 180 represent one type of

interconnect structure that can be formed over conductive layer
176. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

Semiconductor die 124 are singulated through
interposer frame 166, encapsulant 172, and build-up interconnect

structure 174 with saw blade or laser cutting tool 182 into
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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 198 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 202. In some

application& binthe20Z ardVefiowed M secdndtimé t6 Mnprovecelttrical ddtitaéttbonductive layer 198.

A UBM canheforned pinder biimps202: 6 bumps can alsode eempressign berded-ta-epnductive
layer 198. Bumps 202 represent one t%/% of Interconnect struycture that can be formed over conductive

layer 198- FhRUATerEoHEtt strhigtire A186 URBSHGT BEmb? hiicoBURE for*SthBF &ietfrichl ¢

Interconnest.caemiconduetop diel 124 ane singulated hwough dterposee frane. 16G;rencapsulant 194, and
build-up IPterco nect structure 196 with s?n\g/ %Iade oglg er cutti§% tool 20 ifto individual Fo-WLCSP
C i

206. FIG§'5HotWs Fo-WHRESE 206 4, singuldtidh. Semigsndictordis >3 ¥ didcificaly (dhnected
through comtaat paglstli32 andkbuilfcbup Rntergannest atructures 296 o cardusativerpillara Ab4@nd Interposer

frame 166.ng% ggeforri]led énttf%oser fragle 166 simplifi(ﬁ 5t e assemﬂyap:rs())%g%s gx eggﬂng the need for

RDL pattgrning oVl at 1east one $urface gfénnlc%%sﬁ%rﬁ ,lgrefo?r%nng conductive pillars ﬁwough the

encapsulant: @eposkitimg.encapsulant slurry 194 prior to mounting Interposer frame 166 and then pressing

the Interposer frame O\ﬁréhe@ncgg%%lant sly{ir}é fﬂ\gge% gnif%rm Qver ggvﬂjé@% eT%%psulant around

semiconductor die 124 and conductive p?lla?s FIGs. 10a-10e lllustrate, in relation to FIGs. 1
and 2a-2¢ ladthecprotess of forming atFo-WICSP withrae fiterposenframfecandovondudtive pillars

providing, yertical Intercannect fora,semicondugtor die. Continuing from F1G, 8. a.pre-formed Interposer

frame 210 is positioned over carrier 190, as shown in FIiG. 10a. In this case, Interposer frame 210 has
cavities or recesses 212Ifosmeddn 8abstidte s Xzrincareas desihaateehfor aligifent withséniéonductor

die 124. Ganducliyeigs gpd layers g5 are farmed thrgugh substiate,214-and inshlaing layer 217

similar to FIGs. 4a-4f. One or more openings 216 are formed through Interposer frame 210. The
Interposerfrdffie 210 i fittinted 6 Interfdcerlay e P92 BY predsiid e thterpbsecamedntd @hcapsulant

S|U”yl 19é|£ with,force 6., Ehe pressure frem foree Foausgs encapsulaat slurry 194 fa flaiten and
t
Cmﬂpee?%ntains temporary or sacrificial base material such as silicon,

polymer, beryllium oxide, or other suitable low-cost, rigid
material for structural support. An interface layer or double-
sided tape 192 is formed over carrier 190 as a temporary
adhesive bonding film or etch-stop layer.

Semiconductor die 124 from FIG. 3a-3c are mounted over
interface layer 192. 1In particular, semiconductor die 124 are
mounted to interface layer 192 with active surface 130 oriented
toward carrier 190.

In FIG. 8b, an encapsulant or molding compound 194 is
deposited over carrier 190 and semiconductor die 124 as a
slurry. Encapsulant slurry 194 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler.

In FIG. 8c, the pre-formed interposer frame 166 from

FIGs. 4a-4f is positioned over carrier 190. The interposer
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fill the area under interposer frame 210 and around semiconductor die 124 and conductive pillars 218.
Excess encapsulant slurry 194 exits through openings 216. When properly seated,
semiconductor die 124 are partially disposed within cavities 212. Conductive pillars 218 are disposed
around semiconductor die 124 and contacting interface layer 192, as shown in FIG. 10b. Encapsulant 194
surrounds semiconductor die 124 and conductive pillars 164. Semiconductor die 124 can be mounted to

wettable E5ABEt pads fointBuBVer akfer Tot-toledtice B Shiftig dUfiny &icapalation. In FIG.
10c, carrigh 490@nskintertagedayertlf 2 areskemavedkbys chemigcal etching inechanicat peeling, CMP,

mechanical grinding, thermal bake, UV light, laser scanning, or wet strippiré)g&to expose encapsulant 194,
i]

semicondUctSEHiESL 24 Qfid ‘ohdficlivepiliasS2 1 caPs U IaR FIE L 16d Ya bdifd-bp ifteAddrimdct structure
222 is foumed evefiSenicondyaton diehk24 eonduetive-pillarse2ls; aad encapsulant 194 oThel build-up
interconnect structgre 222 inofudeSﬁSn ele tricallé conductive,ljger or Rg}g 224 formed using a patterning
and metal d8pGSHEN prodess 'Sucha %ﬂi%te?fﬁ%, Blettrdfitie plating; ahd electroi&sS Slating. Conductive
layer 224ecarsbewheror maredayers0f AxCusSahNgALh Agy©n other suitable electrically conductive
material. One portion q/\f] conductive Ia¥er 224 jcs %{ectrical connected i%conta%gxads 132 of

semiconductor die 124. 2%&%?%%%0% of conductive ?e?yercz 2§ efec I’I&’:ﬁﬁ/ connected to conductive

pillars 2181 &xpleerepbrtions: oficormuctive dayer @24Can Be électrically toammomor électricalydsolated
foerFrfg‘f'”Pa%“eEhel‘%%ﬁ'gﬁ and,fungtion ofsemicgductor die. 12 ANIN3YIANING OF pagsyation layer 226 is
semiconductor die 124 and conductive pillars 164. The height of
conductive pillars 164 is greater than a thickness of
semiconductor die 124. Accordingly, back surface 128 of
semiconductor die 124 is covered by encapsulant 194.
Semiconductor die 124 can be mounted to wettable contact pads
formed over carrier 190 to reduce die shifting during
encapsulation.

In FIG. 8e, carrier 190 and interface layer 192 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose encapsulant 194, semiconductor die 124, and
conductive pillars 164.

In FIG. 8f, a build-up interconnect structure 196 is
formed over semiconductor die 124, conductive pillars 164, and
encapsulant 194. The build-up interconnect structure 196
includes an electrically conductive layer or RDL 198 formed
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 198 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 198 is electrically connected to

contact pads 132 of semiconductor die 124. Another portion of
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around conductive layer 226 for electrical isolation using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 226 contains one or more layers of S102, SI3N4,
SION, Ta205, Al203, or other material having similar insulating and structural properties. A portion of
insulating layer 226 can be removed by an etching process to expose conductive layer 224 for additional
electrical Interconnect. In FIG, 10e, an electrically conductive bump material is deposited over

build-up FRESBAMEASIARIFE 252 anP elebfically EBRACIEa o - EXpdsed oL bt E6nductive layer
224 using an eyaponadion, etectrolytis platings electrolessiplating:dall-drep, arscreen ppating process.
The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an
optional fbESAIGHGT Fof X3AMBIE, (RE Buhmy ERa1 CAn e & Gtetilc SHASH-HiGR-1E4H §88er, or
lead-freecsoidern Tha bummmaterial i beraad tmeendustive layer 224 using a suitable attachment or
bonding process. In one embodigen,t, the bump material is reflowed b Q@ating %he material above its
melting point to form spiiericht Bafs oF BufbsZ8° i 85ma hp ‘T’it\fgﬁoés, uhips 228 &re reflowed a
second timestnkinprovie etectrical taptact 1@ eormductive dayer 2241 AildBMeedn bedermed Brder bumps

228. The ps.can Ilsrcl) be com recsgiqcn. tr)londed 'g_paconcdgggv%layeg i224. ?um§s 21:28trheé)£esa nt one
type of In ercbnhéct structure that can be forifed Gverconductive fayer 355 5The Interconnect structure
can also ase gtudibump, fieroiourug,coriotherleleetricabihterconnects Semicanductoralie 424 ase

singulated th Interposer f 2 ap 94, and.build-up_Interconnect structure 196 with
saw bladgér%ﬁg’cu%%negﬁ%bl %@gﬁtﬁ ﬁ(%@%hﬂ%l'_cgﬁ gs%%d%ﬁesﬁ)%vls %&WE@SP 232 after
singuIaticmi.r@elﬁicoﬁ@@ctéﬁdiéﬂﬁ@@@l@@ﬂc&i@c@ﬂna@t&d)ﬂ@dm contactpads. ©82 @ahd build-up
Interconnget SUCHHFe 222 fa conguctive pillars 216 and,intes pQﬁefefE%ﬁQ%?glﬁoJ defuefqrmed Interposer

frame 210 simplifies the assembly process by negating the need for RDL patterning over at least one
surface of €peapgstamdss; or forhaikig cohddctherpiflaidithicuyhlthe ereapsgiant. Depositing
encapsulant slugry 194 prior to mounting Interposer frame 210 and then pressing the Interposer frame
over the encapsulant slurry provides uniform coverage of the encapsulant around semiconductor die 124.
Cavities 212 reduce théheighit of Fo-WAICSP 23pr 1 cal LYFRotishcws aREmbadiirent ef Fo-WLCSP

240, simikay tg FiG < 6 with semicenductor die 242 mounied 1o Interposer frame) 66 with die attach
adhesive 244. Semiconductor die 242 has an active surface 248 containing analog or digital circuits

Implemefitt8Hs active deVicds) passide devices, Esmftittive RayErOAna dicleeie Fayets formed within

the die and, glectricaly Interepnnectahaccardingdo the slectrical desigmand fupction of the die. For
example, the circuit may Include one or more transistors, diodes, and other circuit elements formed within

active suffaé& 24846 Trmplehiéntiral &t Citc s ot digital THEGRS! SuchHsBEPPAZTE Sthemdry)Sor other
signal progessingeikctita Semigomnduiciar, dig 242nmay Also eentaindPDs; such as inducters, eapacitors,
and resistors, for RF signa'lvigrrocessing. In one embodiment, semiconductor die 242 is a wire-bond die.

Bond wir6§386%#& bhebiricaliy conhecttietitbeRRoNtatt bats B5255H Htvelsurfdcd™248 and

conductivectayen 250 of interpasenframeil36.can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 198 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 202. In some applications, bumps 202 are
reflowed a second time to improve electrical contact to
conductive layer 198. A UBM can be formed under bumps 202. The
bumps can also be compression bonded to conductive layer 198.
Bumps 202 represent one type of interconnect structure that can

be formed over conductive layer 198. The interconnect structure
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An encapsulant or molding compound 254 is deposited over semiconductor die 242 and Interposer frame
166 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
lamination, spin coating, or other suitable applicator. Encapsulant 254 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 254 is nonconductive and environmentally protects the semiconductor device from external
elementsCait Edritantitants Fud PUrEG MW AR entBodihBRE o REWECSP260, similar to FIG. 6,
with interpakstaekingdaedule (ISM) 262 mounted to semiconductor die 124 with die attach adhesive 263
prior to mounting interposer frame 166 in FIG. Sc. The internal stacking module 262 includes

semiconductor die 2643WiH GA™SCHTE SBrfAdE 268 toRtdining shaled 6P dightardifuits implemented as
active devicespassive deviges, conduetive:layels mndidielpcticdayersfarmed within-thendie and

electricall interconnec{(é% accc%rding to tgg %lkectrical des(i?%hn and function of ihe 8:@ For example, the
circuit ma%/} efUdd She 0P mbre trafgidtdrs “8i5ds, antsthef dircuif' Slefrénts formetd Within active
surface 268aomplementcanalag Bireuts.or digital dreditswstichasiDSPr ASIE, meraary, or other signal
processmS%cwc it. tSemlcon%Léc%rtlor %le(j?u64tmay is(:eo c_‘[(}%ltaln IPDlséggch gglniductors capac tors, and

. n atlion. 1C CLOLn S e r con . .
resistors, for signal processing. Sémiconductor die 264 is mounted 1o |nte¥poser rame 166 with die

attach adhesiveq269: Bonalovirgs: 2720 ase electridally bonnectedtretween €ontact pads 272 ohdactive
surface 268 and conductive Iayﬂ 160 qf 'qterpo er frame 166. £ An gncap lant or molding
compouﬁtdOZﬁO%%glecgcolsﬁgd over S}(]-:{r?]ico%]duEj:lt%or?djl'(-‘f-1 Egi AR %ﬁterggs%er fra?nge' 16 uesiri%rg paste printing,
compresdive msolding ransfee mdldiageliduid encapsulanemolding, aasaumlianinations Spiycoating, or

other suitgble. anpligalor. Ensansuign! Z#4.can be Aalymer egyuposite materil siuch.ay eagxy resin with

filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 274 is nonconductive and
environnehtallybractsithe déicondudtor device fromlesierival etérhéntssarid comamindrss.

While ong,or marg-embodiments, of the presentipwentign-have been Hlystrated jp detail, the skilled artisan

will appreciate that modifications and adaptations to those embodiments may be made without departing
from the BEoPE- 6 the presemangentiontds seétforthna thé foloRfiRp élaitas.the interposer

frame over the encapsulant slurry provides uniform coverage of
the encapsulant around semiconductor die 124 and conductive
pillars 164.

FIGs. 10a-10e illustrate, in relation to FIGs. 1 and
2a-2c, another process of forming a Fo-WLCSP with an interposer
frame and conductive pillars providing vertical interconnect for
a semiconductor die. Continuing from FIG. 8b, a pre-formed
interposer frame 210 is positioned over carrier 190, as shown in
FIG. 10a. 1In this case, interposer frame 210 has cavities or
recesses 212 formed in substrate 214 in areas designated for
alignment with semiconductor die 124. Conductive vias and
layers 215 are formed through substrate 214 and insulating layer
217 similar to FIGs. 4a-4f. One or more openings 216 are formed
through interposer frame 210. The interposer frame 210 is
mounted to interface layer 192 by pressing the interposer frame
onto encapsulant slurry 194 with force F. The pressure from

force F causes encapsulant slurry 194 to flatten and completely

—-23-



Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a carrier;
mounting a first semiconductor die over the carrier; providing an interposer frame including an
opening in the interposer frame and a plurality of conductive pillars formed over the interposer frame;
mounting the interposer frame over the carrier and first semiconductor die including disposing the

conductive plllars around the first semiconductor die;
fill the area under interposer frame 210 and around

semiconductor die 124 and conductive pillars 218. Excess
encapsulant slurry 194 exits through openings 216.

When properly seated, semiconductor die 124 are
partially disposed within cavities 212. Conductive pillars 218
are disposed around semiconductor die 124 and contacting
interface layer 192, as shown in FIG. 10b. Encapsulant 194
surrounds semiconductor die 124 and conductive pillars 164.
Semiconductor die 124 can be mounted to wettable contact pads
formed over carrier 190 to reduce die shifting during
encapsulation.

In FIG. 10c, carrier 190 and interface layer 192 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose encapsulant 194, semiconductor die 124, and
conductive pillars 218.

In FIG. 10d, a build-up interconnect structure 222 is
formed over semiconductor die 124, conductive pillars 218, and
encapsulant 194. The build-up interconnect structure 222
includes an electrically conductive layer or RDL 224 formed
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 224 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 224 is electrically connected to
contact pads 132 of semiconductor die 124. Another portion of
conductive layer 224 is electrically connected to conductive
pillars 218. Other portions of conductive layer 224 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

An insulating or passivation layer 226 is formed
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depositing an encapsulant through the opening in the interposer frame and over the carrier and first
semiconductor die; removing the carrier; and forming an interconnect structure over the encapsulant
and first semiconductor die. 2. The method of claim 1, further including forming a cavity in the interposer
frame to contain a portion of the first semiconductor die. 3. The method of claim 1, further including
forming alignment marks over the carrier to assist with mounting the interposer frame. 4. The method of

claim 1, faRRBF ARG Motiifing 2¥second SemmEoRd T @or disvet five-fifst SBmiicorifictof ie prior to

depositingithe epgapsulagt, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 226 contains one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating and structural properties. A portion of
insulating layer 226 can be removed by an etching process to
expose conductive layer 224 for additional electrical
interconnect.

In FIG. 10e, an electrically conductive bump material
is deposited over build-up interconnect structure 222 and
electrically connected to the exposed portion of conductive
layer 224 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 224 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 228. In some applications, bumps 228 are
reflowed a second time to improve electrical contact to
conductive layer 224. A UBM can be formed under bumps 228. The
bumps can also be compression bonded to conductive layer 224.
Bumps 228 represent one type of interconnect structure that can
be formed over conductive layer 224. The interconnect structure
can also use stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 124 are singulated through
interposer frame 210, encapsulant 194, and build-up interconnect

structure 196 with saw blade or laser cutting tool 230 into
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5. The method of claim 1, further including mounting a second semiconductor die over the interposer
frame. 6. The method of claim 5, further including forming a bond wire between the second
semiconductor die and the interposer frame. 7. A method of making a semiconductor device, comprising:
providing a carrier; mounting a first semiconductor die over the carrier; depositing an encapsulant over
the carrier and first semiconductor die; providing an interposer frame including an opening in the

interposet Hahie aHa b Biaralty-6F contuctivé piflars formeercver & rtefoder frames™  mounting the
interposes fragmg avercthe casder:anchfirst semiconsluctor dies by pressing the nterpaserdrame against the

encapSMQEEéﬁgﬁvgggﬁgggnggégng32 and build-up interconnect structure 222
to conductive pillars 218 and interposer frame 210. The pre-
formed interposer frame 210 simplifies the assembly process by
negating the need for RDL patterning over at least one surface
of encapsulant 194, or forming conductive pillars through the
encapsulant. Depositing encapsulant slurry 194 prior to
mounting interposer frame 210 and then pressing the interposer
frame over the encapsulant slurry provides uniform coverage of
the encapsulant around semiconductor die 124. Cavities 212
reduce the height of Fo-WLCSP 232.

FIG. 12 shows an embodiment of Fo-WLCSP 240, similar
to FIG. 6, with semiconductor die 242 mounted to interposer
frame 166 with die attach adhesive 244. Semiconductor die 242
has an active surface 248 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 248 to implement analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 242 may also contain
IPDs, such as inductors, capacitors, and resistors, for RF
signal processing. In one embodiment, semiconductor die 242 is
a wire-bond die. Bond wires 250 are electrically connected
between contact pads 252 on active surface 248 and conductive
layer 150 of interposer frame 166.

An encapsulant or molding compound 254 is deposited

over semiconductor die 242 and interposer frame 166 using a
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forming an interconnect structure over the encapsulant and first semiconductor die. 8. The method of
claim 7, wherein excess encapsulant exits through the opening in the interposer frame. 9. The method of
claim 7, wherein the conductive pillars are disposed around the first semiconductor die. 10. The method
of claim 7, further including forming a cavity in the interposer frame to contain a portion of the first

semiconductor die. 11. The method of claim 7, further including mounting a second semiconductor die
over the Frét5Emidolduttst dié BREF o deposititiy e éhcapsaiant er melding, liquid

encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 254 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 254 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

FIG. 13 shows an embodiment of Fo-WLCSP 260, similar
to FIG. 6, with internal stacking module (ISM) 262 mounted to
semiconductor die 124 with die attach adhesive 263 prior to
mounting interposer frame 166 in FIG. 5c. The internal stacking
module 262 includes semiconductor die 264 with an active surface
268 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
268 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 264 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.
Semiconductor die 264 is mounted to interposer frame 166 with
die attach adhesive 269. Bond wires 270 are electrically
connected between contact pads 272 on active surface 268 and
conductive layer 160 of interposer frame 166.

An encapsulant or molding compound 274 is deposited
over semiconductor die 264 and interposer frame 166 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other

suitable applicator. Encapsulant 274 can be polymer composite
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12. The method of claim 7, further including mounting a second semiconductor die over the interposer
frame. 13. The method of claim 12, further including forming a bond wire between the second
semiconductor die and the interposer frame. 14. A method of making a semiconductor device,
comprising: providing a first semiconductor die; providing an interposer frame including an opening in
the interposer frame and a plurality of conductive pillars formed over the interposer frame; mounting

the interfoRef Frafe o8t dhHe fifstSRMidoRdictor die fhclbdihgdispssingtherCondtitiGe Piliars around the
first semieenductor die; gdepgsiting anencapsyant everitbe firstrsemigenduster diezand non-

conductive and environmentally protects the semiconductor device
from external elements and contaminants.

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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forming an interconnect structure over the encapsulant and first semiconductor die. 15. The method of
claim 14, further including: depositing the encapsulant over the first semiconductor die prior to
mounting the interposer frame; and pressing the interposer frame against the encapsulant. 16. The
method of claim 15, wherein excess encapsulant exits through the opening in the interposer frame. 17.
The method of claim 14, further including depositinf; the encapsulant through the opening in the
interposer frame over the first semiconductor die £121ms

What 1is claimed:

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

providing a carrier;

mounting a first semiconductor die over the carrier;

providing an interposer frame including an opening in the
interposer frame and a plurality of conductive pillars formed
over the interposer frame;

mounting the interposer frame over the carrier and first
semiconductor die including disposing the conductive pillars
around the first semiconductor die;

depositing an encapsulant through the opening in the
interposer frame and over the carrier and first semiconductor
die;

removing the carrier; and

forming an interconnect structure over the encapsulant and

first semiconductor die.

2. The method of claim 1, further including forming a cavity
in the interposer frame to contain a portion of the first

semiconductor die.

3. The method of claim 1, further including forming alignment
marks over the carrier to assist with mounting the interposer

frame.
4. The method of claim 1, further including mounting a second

semiconductor die over the first semiconductor die prior to

depositing the encapsulant.
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18. The method of claim 14, further including forming a cavity in the interposer frame to contain a portion
of the first semiconductor die. 19. The method of claim 14, further including mounting a second
semiconductor die over the first semiconductor die prior to depositing the encapsulant. 20. The method of
claim 14, further including mounting a second semiconductor die over the interposer frame.

5. The method of claim 1, further including mounting a second

semiconductor die over the interposer frame.

6. The method of claim 5, further including forming a bond
wire between the second semiconductor die and the interposer

frame.

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

providing a carrier;

mounting a first semiconductor die over the carrier;

depositing an encapsulant over the carrier and first
semiconductor die;

providing an interposer frame including an opening in the
interposer frame and a plurality of conductive pillars formed
over the interposer frame;

mounting the interposer frame over the carrier and first
semiconductor die by pressing the interposer frame against the
encapsulant;

removing the carrier; and

forming an interconnect structure over the encapsulant and

first semiconductor die.

8. The method of claim 7, wherein excess encapsulant exits

through the opening in the interposer frame.

9. The method of claim 7, wherein the conductive pillars are

disposed around the first semiconductor die.

10. The method of claim 7, further including forming a cavity

in the interposer frame to contain a portion of the first
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semiconductor die.

11. The method of claim 7, further including mounting a second
semiconductor die over the first semiconductor die prior to

depositing the encapsulant.

12. The method of claim 7, further including mounting a second

semiconductor die over the interposer frame.

13. The method of claim 12, further including forming a bond
wire between the second semiconductor die and the interposer

frame.

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

providing a first semiconductor die;

providing an interposer frame including an opening in the
interposer frame and a plurality of conductive pillars formed
over the interposer frame;

mounting the interposer frame over the first semiconductor
die including disposing the conductive pillars around the first
semiconductor die;

depositing an encapsulant over the first semiconductor die;
and

forming an interconnect structure over the encapsulant and

first semiconductor die.

15. The method of claim 14, further including:
depositing the encapsulant over the first semiconductor die
prior to mounting the interposer frame; and

pressing the interposer frame against the encapsulant.
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16. The method of claim 15, wherein excess encapsulant exits

through the opening in the interposer frame.

17. The method of claim 14, further including depositing the
encapsulant through the opening in the interposer frame over the

first semiconductor die.

18. The method of claim 14, further including forming a cavity
in the interposer frame to contain a portion of the first

semiconductor die.
19. The method of claim 14, further including mounting a second
semiconductor die over the first semiconductor die prior to

depositing the encapsulant.

20. The method of claim 14, further including mounting a second

semiconductor die over the interposer frame.
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