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. Baag%round of the Invention Semiconductor devices are commonl und in modern
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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 (CODs), solar cells, and digital micro-mirror devices (DMDs).
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
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,
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Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using

two complex manufacturing processes, i.e., front-end



manufacturing, and back-end manufacturing, each involving potentially hundreds of steps. Front-end
manufacturing involves the formation of a plurality of die on the surface of a semiconductor wafer. Each
die is typically identical and contains circuits formed by electrically connecting active and passive
components. Back-end manufacturing involves singulating individual die from the finished wafer and
packaging the die to provide structural support and environmental isolation. One goal of
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Accordingly, in one embodiment, the present invention is a semiconductor device comprising a first
semicondiftter diéahdlinmiposer substdtblineRidingsaplurakitysfrcbadoetivec piladedissesed over the

first semiganductor.die; An.encapsylant is deposited through an.epening in the interposer substrate over

the first semiconductor die. An interconnect structure is formed over the encapsulant and first
semicondiict6rdie and éleétficathPEortietted fetieeconeicive piflapsl Py improvements in

the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

In a conventional fan-out wafer level chip scale
package (Fo-WLCSP), a semiconductor die is typically enclosed by
an encapsulant. A top and bottom build-up interconnect
structure are formed over opposite surfaces of the encapsulant.
A redistribution layer (RDL) and insulating layer 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.



In another embodiment, the present invention is a semiconductor device comprising a first semiconductor
die and substrate including an opening formed through the substrate and a plurality of conductive pillars
formed over the substrate. The first semiconductor die is disposed over the substrate between the
conductive pillars. An encapsulant is deposited over the first semiconductor die. An interconnect structure
is formed over the encapsulant and first semiconductor die and electrically connected to the conductive
pillars. In another embodiment, the present invention is a semiconductor device comprising a first
semiconductor die and first encapsulgaiiieiasited avee thmiisheeconductor die. A substrate includes
an opening formed through the substrate and a plurality of conductive pillars formed over the substrate.
The substrate is disposed over the first semiconductor die and first encapsulant. In another embodiment,
the present invention is\an%@iaaiC@jadact@rdev'pe&@mwisingiaﬁiéﬁtﬁﬂmﬂw@d&ﬁ@bdie and substrate
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Accordingly, in one embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
interposer substrate including a plurality of conductive pillars
disposed over the first semiconductor die. An encapsulant is
deposited through an opening in the interposer substrate over
the first semiconductor die. An interconnect structure is
formed over the encapsulant and first semiconductor die and
electrically connected to the conductive pillars.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
substrate including an opening formed through the substrate and
a plurality of conductive pillars formed over the substrate.

The first semiconductor die is disposed over the substrate
between the conductive pillars. An encapsulant is deposited
over the first semiconductor die. An interconnect structure is
formed over the encapsulant and first semiconductor die and
electrically connected to the conductive pillars.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
first encapsulant deposited over the first semiconductor die. A
substrate includes an opening formed through the substrate and a
plurality of conductive pillars formed over the substrate. The
substrate is disposed over the first semiconductor die and first
encapsulant.

In another embodiment, the present invention is a



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

illustrate further detail of the representative semiconductor packages mounted to the PCB;
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
FIGs. 5a-5h illustrate a process of forming a Fo-WLCSP with an interposer frame and

conductiiEPHERIErGIdiy FEMicaRintBE et f6r & sérfcondBigfor cReductor Eée aafidstrates the

frame;

Fo-WLCSRwvth-thednterpaser fragne and genddetivie-piliats pravising.verticaldateseanneast fardhe

semiconductor die;

a plurality of conductive pillars formed over the substrate.
The first semiconductor die is disposed over the substrate
between the conductive pillars. An encapsulant is deposited

over the first semiconductor die and substrate.

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. 9 illustrates the Fo-WLCSP with the interposer
frame mounted over the encapsulant slurry;

FIGs. 10a-10e illustrate forming the interposer frame

FIGs. 2a-2c

FIGs.



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. 9 illustrates the Fo-WLCSP with the interposer
frame mounted over the encapsulant slurry; FIGs. 10a-10e illustrate forming the interposer frame with
cavities to partially contain the semiconductor die; FIG. 11 illustrates the Fo-WLCSP with the

semicondtictdr did partaly contained Withty tHePEdvitids of'the SRTBHIGEET fame; diei

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 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
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical

components, such as capacitors, inductors, resistors, and



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
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of electrical current, Fassive glpctical components. Sieh.ag Gapacitors, Indudiars, resistors; and
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



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
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the photoresist pattgrn su%jectegto |Ig§ﬁt is removed using a solvent, exposing portions of the underlying
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
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.

An encapsulant or other molding material is deposited over the



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 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
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electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of
semiconductor packages enduinted endesvsiifacel Blectrdpic device 50-maphave vhedypd bht

semiconducloy Ragkagenarawiliple ypes ol seguconduiqlor pagkags.tienenging.on the application. The
different types of semiconductor packages are Shown in FIG. 1 for purposes of illustration.
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
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal

traces 54 are formed over a surface or within layers of PCB 52



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 ihtd BEORPHEE ThEemizbREGEB! Badkade! Cant Ftude Ricr&prbREssérs 2 meiaries,

application-spesifigintegratag, ciecuits {tASIC) lagie sireuitss wnalag-girguits: BIr Giteslits sdiscrete devices,
or other semiconductor die or electrical components. The miniaturization and the weight reduction are

essential ToPitese Prodads 10 bR e Pfed Y tHe fmaet CPrie dRETAHER EERA SRntidsHductor devices
must be decrrasaed thachieve bigher deasitypackage dn AiGuiBEBShptoidassa general substrate for
structural SLfiJéport and elecjlrical Intterconnect of the semiconductor aCkJ? es mounted on the PCB.
Conducti%é Signaf tracéd 82 aid formied SUEA lit4ce of ﬁﬁﬁﬁﬁa&%rs B52V USiigevApbration,
electrolytimplatitg, electraless plating ssareen printing, ametheesuitabiel metakdepositioneprocess. Signal
traces 54 provide for eEectricaI comn%%urg(izla&ieoncgetween each of the tserrni%ond.ugéor}pasckgggs, mounted

n .som emoo 9] cmlcC u ©) V1 a
components, and other external system componén%. Traces b4 als6 prow%e power and ground

connectigrsctoaggiohgoflthe semicontucsdr packagepackaginiy sone etrbddimgnts, &semiconductor
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device may oply have he firstleyelpackaging yhete the,dig is mechanically,and electriclly mounted
directly to the PCB.

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. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
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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 (MOM) 68, quad flat non-leaded package (QFN) 70, and quad flat package 72, are
shown mounted on PCB 52. Depending upon the system requjjirements, any combination of
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adhesive,material such as thermal epoxy or,epoxy resin, The:package, hady;lncludes an ingulative

packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide electrical
Interconne’® betwedh semicontdeter die 74 and PCB G621 Eneapaiadst 84 issdeposited dvel tHeepackage

for environmental pretection by-prevepting moisturesang, padicles,from gntering the-package and

contaminating die 74 or wire bonds 82.
(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

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
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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 for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal

depositioh Proeéds §idras tletttdlytic platHyloHelectroeEs pRiting%o prévent wxitfatioh?onfact pads

102 are elegicaly-connestedstanane aRMOre £onductive sigaahiracesiihindy CB 52 Buraps 404 are
formed between cantact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,

semicondUtYSr did 58 8iREUrted T5cE d6Wh TS TtermEdiate c&ief 266 With &Rip'CSip style first level
packagingoActive regiorns 108 of semicanctstorgie b8cogtaiis avalog arakigital ciretits;implemented as
active devices, passive devices, conductive layers, and dielgectric layers formed according. to the electrical
design of thé e, For BXample SR Tirctit &y ncfudie S Br %%rgﬁ%ﬁgi%? £t diodBs Ghdli&ors,
capacitorsrresistors; and otherlcircuitelementsswithin active segion 108C Semicanductior die 58 is
electricaI%/ and ecpanicaq§connected 1'g_o éartrier 106 throngh bumps 110, . .BGA 60 is electrically
and mechanical yegonrnle%?e to PCB'SS with a @G%\ns?tyfjersec%lrﬁ% level p%%ﬁééfi%gsulsﬁwnga umps 112.
Semiconductoe die538 isrelaCipicalty. cormented i@ dorductive sigrial traces &4 inCB SR throligh bumps

110, sign Iineﬁs% bumps 112. A moldi pa ncg> Le %apsulant 116 is deposited over
semiconcﬁjgctgr dieq;sé €zaigr?sil 82?@?%65%8 %rg\ﬁa%gp%%cg sup%ortgan'd electrical isolation for the device.
The flip chip semicondiictor dévice provides ashbrcslectridabcdriductionpatht dntthecactiverdevices on

semiconquctor dig, 38.t9,canduction tragks gp FGE H2n Pﬂ%r toypguce gignakpropagation distance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 capdseaethanicalyf and electicatly cohpeetedsdirecty o PGB 52disincpflip&hiy stylesfirst level

paCka@”QﬁgﬂH&“SPGH@@@QEiC%@@EQQQS 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
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall

circuit performance. In another embodiment, the semiconductor
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FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126 as described
above. FIG. 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 iffplemEht&d-Bs3etiTe aBoices 2gdssivie devices iohaacdtive IRyERE ahadislésicidyers formed
within the- dierarid electiically; interconpaciedaceoeding e thel eleetricabdesign agdJunction:of the die. For
example, the circuit may include one or more transistors, diodes, and other circuit elements formed within
active surfatE 1364 Fhplerient smalod Gircuits or digital circuits, such as digital signal processor (DSP),
ASIC, memory, or other signal precessmnoCciectiti Senicenductar-gie 124anay also cortaindntegrated
passive devices (IPD), such as i%dzuh%tgrs, cag citors, agd resistors, for RE signal& cessing. In one
embodiment SenicondictoF did 12478 a fifchiptype SemicNdudior did - ™ I &l&Ltrically
conductiverlayer 332 isi fodrmed gves sctiveisyrface $30 using RPEDhCMD), efectralytiaiplating,lelectroless

plating process,r%r other s |table1 rincetal dfeposmon %gcezﬁ& ch{uductlve (I:a(}/er 132 can bleﬁne or more

layers of ilf,péﬁ, n, Ni, A%, rgfjor other suitable €lectric: R/rconldeuc%e mallrtlgﬁgl(.eﬁonductlvellayer 132

operates fasrcontacirpadsetectticdllysegrmerteditothescincuits vacctivé sbrface d88cribed In FIG. 3c,
semicon%ggcéorewafer 120 is singulated through saw street 126 using a saw blade or laser cutting tool 134
into individual sémiconductor die 124. FIG. 4a-4f shows formation of a wafer-form, strip
Interposer with conductivé€ pillps. ShFS. daca sabstsatetoraarievi40rcorftamstentpoparyadr sacrificial

base materigl such,as silicon, palymes, perylium, oxide, .or giher suitable lowregst, ggid material for
structural support. An Interface layer or double-sided tape 142 is formed over carrier 140 as a temporary
adhesiveshonoisgfilh? 8r eteii-stop dayer VA sewriéarductardwafen bp snbstgateriz4ocomains a base

material, sugh as-silicon.. gerraaniyay galliym arsepide, indjumyphosphide, or silicgn cakide Jfor structural
support. As a semiconductor wafer, substrate 144 can contain embedded semiconductor die or passive
devices. SRbBStraiel 1 eary 8I58-bea M-ty tarmihate Yeeramic) Brfeaditdme IS iisstrale 944 is

mounted g interface layer 142 over canier 180ced accBLENG A @ RiyEalLy abvias isyformed through
substrate 144 using laser drilling, mechanical drilling, or deep reactive ion etching (DRIE). The vias are

filled with&IS €91 SHINi TAG Ad, Htaritint 115, fikgsterf OF), PoRyEsiliCen, idrotherstitablééféctrically
conductive,material ¥singelestselytic plating selestioless Mating progess ¥ otharsyitaple metal

deposition process to form z-direction vertical interconnect conductive vias 146.
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,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive

material. Conductive layer 132 operates as contact pads

electrically connected to the circuits on active surface 130.
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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 (5102), 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 144 and condtictivevias 4651 CONAH gléttricdil/ Contitictive 1ayer 8r REL S50 is formed
over the expeseshsuhsirate 144 andxondyctive vias d46disidg: apattesring apddnetal depesition process
such as printing, PVD, CVD, sputtering, electrolytic plating, and electroless plating. Conductive layer 150
can be oné or MYr8 1ayEts 6t A Cu, SO ATV AL br Sther Saitable electrically conductive material.
Conductive layer 150 is etectrically cosneatediocontuctiverviag 148fer - £ ori) FEKS.r4G a substrate or
carrier 154 contains temporary or sacrificial base Taterial such as silicon, polymer, beryllium oxide, or
other suitaBEToRRES<t, Agi %ﬂﬁfjerﬁ For sttichirar stipport. AR intetfacetayét ot o%%?é%%e%ﬁape 156 is
formed over-carder 184 asantesiporancaghesivesbomrding ditm o e€teh-stopdayera teadmy withcinsulating
layer 148 and conductive layer 150, substrate 144 is maunted to interface layer 156 o]\1ler carrier 154.
Carrier 140 and |r%t%?frééeffaye¥q%’areer]é ovéld%yoéhlen?itaf)é:tcﬁing(,aneSc anica See ?nvtf:], CMP,
mechanical grindingy thiermat dake, lUYdight Hasertscaahingopwet stripping tocexpioseca $arface of

substrate 144 an% ondu%tivg las 14§ fpogit conductive layer 150. An insulating or

S d = i 40 . i
passwatlgﬁ Iayoelﬁ 1 % |§ or?neé g\zljeer suﬁstr%ue% rgﬁgcc%\rﬁﬁct?vaer\ﬂég ]14% usw?gSPe/D, CVD, printing,
spin coatirgsprarcoatitigs sinteringrodthesmali dxidatiors tiie-insalating Yater 158 contains one or more

layers of 5102, SIZNEPION,, L3205, H2Q3,,0r.gfher material paving similarinsulafing apd structural

properties. A portion of insulating layer 158 is removed by an etching process to expose substrate 144
and condsiefive giassideicon, 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
oxidation. The insulating layer 148 contains one or more layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon

oxynitride (SiON), tantalum pentoxide (Taz205), aluminum oxide
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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, 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 f6rming contticfVe By e 156 aAd/orA6B1Y  S1MI{AE G P HePHAEresi ¢t layer 162 is formed
over insulatingdayer=158.an¢ condugtive layeiolal. 4 plirality of vias is formegethrqugh pRotoresist layer
162 over conductive layer 160 using a patterning and etching process. The vias are filled with Al, Cu, Sn,
Ni, Au, AGSTOVE pAy-sitidoRit6 dther Buitaig 21ectri&ail ConduRive Ffat&rial tigirfi Slectrolytic plating,
electroless-plating precessaer other suitable metal deposition process. Stacked bumps and stud bumps
can also be formed in the vias. . ___In FIG. 4e, phatoresijst layer 162 is re ed leavin zédirection
vertical interconnect c@rﬂ:lu%%\% plithré igX ovef' g&?&iﬁc‘fi@e Jr%%ﬁﬁﬁ C%%er% éﬁd%ﬁg??g e layer 156
are remoyved bychemicaletehing uinechanical geelingd Chd?,duechanicaligrinding therhmal bake, UV light,
laser scanning, or wet stripping leaying the pre-formed interposer frame 166 with conductive pillars 164.
Conductve Tayers 160 AHiT L0 A1 COTTANE Uik 136 CoRBILE & vaRical iiarisrhedt formed through
interposetViames 266 tOneé oy meresopeningst168 aisaformed throughliaterposerframe 466nEIG. 4f shows
a top view of interposer frame 1 ith_conductive pillars 164 and openin . FIGs. 5a-5h
IIIustratetgiﬁI}é%%oﬁ 15 F%ge it a%%hg -5¢, r;bgro%ggs %?for?r%rlﬁg g oé-,ﬁﬁ_CgEP]p\?vft'h . fntgrrb’oser frame
and cond¥ictivé pillafsyproviding verticab intedebanedtsfok a semidonductorudie 1neF G Bay assubstrate or
carrier 170 contains femporary of sactiticiah hase material such as silicn, polygies, heryliium oxide, or -
other suitable low-cost, rigid material for structural support. An Interface layer or double-sided tape 171 is
formed ovéreecartiép 170 as a temporary adhesive bonding film or etch-stop layer.

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,
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
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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 withdo@Rihd Mrerposer frate?re6: Soider paste can also be deposited on carrier 170 to assist

with alignment and bonding of hterpesen framenthi-toithe casrier: The heightiof congduetivenpidlars 164 is
greater than a thickness of semiconductor die 124. Accordingly, a gap remains between back surface 128

of semicShdtictdr Gie LA InteBoseArame 16677 CONGYEIA VSe, A Endapsulkint &F nfolding
compounskkfzisinjegtechar depositeddbrosghiopeningscE6s arurd semisendudtordieri2d, and in the
gap between Interposer frame 162 and the die usingt% Igaste printin comgressive m Idin%i transfer

molding, Tkt SHEAPS M HoldhG VacULAT TrmAian "Stin SBAUIEL S oUar S ftaB ppiibator.
Encapsulanh d42 candel pelgmet €ompositeenaterialo suety as epaxy resin withifjllecuepaxy,acrylate with

filler, or %ﬁﬂym%r Witr%)roper fill% Encapfglakr)]hyz isen n-con?gctive an environmentallyigﬁotects the

. 1 or e u rica condugtlve ma
semiconductor &iléVIC from eﬁernaﬁ e emer‘?ts andeconcfamlnan s.ySemlcon uctor die ffzfcan be mounted

to wettable comtact padsl foyrredldv/@r carrerd7Ortoaeduce dienshiftingaddurimgeencapsulation.
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
conductive vias 146 constitute a vertical interconnect formed
through interposer frame 166. One or more openings 168 are

formed through interposer frame 166. FIG. 4f shows a top view
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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 andth&taP 98 FosifioA Process stithiasshtitterihg Y aleRtroAE Plating, and et&drvlésESplating.
Conductive ¢ayer 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° ARdthet bortion of &6t idittiGe 1dyeriv63s eritticalf Sohneltedtd cg?ﬂuctive
pillars 164cQthenpastiens obeontuctive dayer i bwnardive electrically Cotnunen ok electricadly dsolated
depending on.the design and function of semiconductor die 124. An insulating or passivation
layer 176 R 0HTEd AroUhet dHductivS Tayat 196 oF Sibtibal RbRIGHHY PYD, CVD, printing, spin
coating, spray coating,tsinteting or therntal ©@xidadipnaThelinstitating layerch7d cemtainsoone or more
layers of g%O%aSIr?sNA}d %Ilo(lj\l TraZO(EDSfAIZOBf of og:hea{lm taegial r%%vtig% sgniilasr iré%ulgténgsarlld gg}{ctural
properties. A pOJI:'[IOI’I of m&ﬁéﬁnﬁ Iayers_Lai% can be removed by ane éhlng plﬁocess to elxp%se conductive
layer 176cfot mdditionakelgétticahintercdrnectr otherlnsklG. 8h] anledectricalty, condyctive bump

ot ASEOTASC U AR ST S L4 o0 el ot e o
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
die 124 and in the gap between interposer frame 166 and the die
using a paste printing, compressive molding, transfer molding,

liquid encapsulant molding, vacuum lamination, spin coating, or
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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 176 using a suitable attachment or bonding process. In one embodiment, the bump material is
reflowedcgétleating the material above its melting point to form spherical balls or bumps 180. In some

applicatichs Btmps et are @B%ﬁaatgéconoaﬁ}ﬁé%’%6%&530@6& St 8 Eehductive layer 176.
An underdy#pp metallizatien (UBM) caprbesforred undee bumpsiks0. fhelbumps garplso be
compression bonded tg conductive layer 176. Bumps 180 represent one type of interconnect structure
that can BE forhidd over ontutthe ray8F 1?811{?%ﬁ}té’ﬁcBﬂnEEtoéfﬁ}%tufréjtﬁ%ralso use stud bump, micro
bump, ormxtherelectical intercarnecinSemiconcuctor dierd24ave singudaied through drtempaser frame
166, encapsulant 172, and build-up Interconnect structure 174 with saw blade or laser cutting tool 182

into individiial E5WECEP L84 FIC 'sifows PB-WICSP T84 Sh&FSRGGIafiBR. Semiconductor die 124 is
electricallyccannectechthsougls earitachpads: 532 and build-upsintaseonnect stractuse df4ttalcbaductive

pillars 164 and Interposer frame 166. The preformed Interposer frame 166 simplifies the assembly
brocess By Hegang B e T R PEtaAg Srer al lodd ore ofhcd of et eALSaAt 172, of forming
conductiveapiilars thraughsthesenicapsulant. FIG. 7 shows a plurality of stacked Fo-WLCSP 184

electrically connected @ro%lnt%rgoser frame 16167 (puild- p.InICerc nnect structure 174 bumps 180, and
conductive vias 164. IGs. 8a-§8 ﬂfuls?r%te, inre %Foﬁ to le:fég.cle and %%_]-:20, ano?hreer process of
forming arFoWEG SPywith anilntetpeseriframe and Conductive pilarsiprovidittPverticallatercandnect for a

semicon%%cﬂrdqigiylln FlG. 8a, a mglat%gr %r&jﬁrt ,199 ggg}ai%scg%qq@[y gr.sactificial base material

such as silicon, polymer, beryllium oxide, or other suitable low-cost, rigid material for structural support.
An Interfade fagei b dégblesidettapecEasis formed dver earrier 290 astptemigsrahZddheésive bonding

film or etch;stOpJaYeL 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
around conductive layer 176 for electrical isolation using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal

oxidation. The insulating layer 178 contains one or more layers
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Semiconductor die 124 from FIG. 3a-3c are mounted over Interface layer 192. In particular,
semiconductor die 124 are mounted to Interface layer 192 with active surface 130 oriented toward carrier
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

190.

epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. In FIG. 8c, the
QN%' 1 @f‘% %%siti%ﬁea 'ONBF cArer 190 The TiteFposer frame

pre-form

&d Intéfposerfr 66-fm ERES 2a-

166 is meunted 4o Intgdface tayes 192 byqyessing the Inferpaser frame ontoencapsulast slurry 194 with
force F. The pressure from force F causes encapsulant slurry 194 to flatten and completely fill the area
under intéfposef frafte 168 SFouhiCseriitoRGudttlRaiecto£End Rofd Ve Dilfdr8 1825 ExCess
encapsularbslyey d9daexitsitheoughyepenings £68. addit \hen propertyseated, conductive pillars 164
are disposed around semiconductor die 124 and contacting interface layer 192, as shown in FIG. 8d.
Encapsuljarﬁjf%ff%ﬁﬂ%ﬁﬁds semiconductor die 124 and conductive pillars 164. The height of conductive

pillars 164 is greater than a thickngss of semiieanductoridie 124nAceardinglyybacknsurface A28 of
dusct%redle 12t4 |a co‘\;eredbtl)yi(igcad%gulanct 194. Semi on%urcltlortqll%elzfﬁc:fm be, mounted to

semicon
wettable

1 oS ovVer erconnec
contac?pa&s ?ormedeover carrier

00 reduce die shiﬁlng c?unng encaps%fé%on.

In FIG.

8e, carriexr 190tanid-midrfaceclayerct @2l ateorerhevetkby shemigat etching; mecirahical peeling, CMP,

mechani
semicon

gLaI rlndﬁng6 thermal bake, UV |Ight laser scanning, or wet str%pf)éntgi%)g(?xpose encapsulant 194,

tictor die 124, and cond ugthaeppiﬁgrtslféld . ytic

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
individual Fo-WLCSP 184. FIG. 6 shows Fo-WLCSP 184 after
singulation. Semiconductor die 124 is electrically connected

through contact pads 132 and build-up interconnect structure 174
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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

connectedto TRttt pads 132 0fEemidGidiictor dit 1272 Ardthers8hort 6f conduttiveTayer 198 is

electricallyconnected-torganeustive pillars 164.<Qther pertions-ofcondustive layer 388 sanibe electrically
common or electrically isolated depending on the design and function of semiconductor die 124.

An insula?iﬁaaot—rjp%%s?{/ﬁﬁoﬁl?a%%r [9}9) ig?ng?éaotér%ﬂlﬁﬂrb%n‘a‘dgﬁv@féyé?T% S EleStitarfiSSlation using
PVD, CVPx pantiag,.sspir ceatimg, spray €oaiing, ginterag ot thesmal oxigatdonhiheaiisulatiag layer 200
contains one or mare layers of S102, SI3N4, SION, Ta205, Al203, or other material having similar
insulatingeﬁﬁﬁgﬁﬂ il ‘properties. A portion of insulating layer 200 can be removed by an etching
process to expose condnctive7layeb 198 foradditianat glectrical dnterebrineet.CcsP 18 FIG. 8g, an

electrically.conductive bump material i % osited over build-up Interconnect structure 196 and electrically
CommecieR T the KBS BTIOR oy Sy el 168 Leerar Balbratar, Cibcuidlepiating
electrolessiplatingbedcdropt onscreen prinfinglprocessl Fhe bumip orateal tcaneber Af Snl N . Au, Ag, PD,
B1, Cu, solder, and compinatiogs thereof,,with an optional flux;sqlution. For.example, the bump material
can be eutectic Sn/Pb,%g%—lea%soglaerl, or esa(f-?rgg solder. The ﬁ?n% %%terli;(?lss' bonded to cagnductive
layer 1982¢sing acsuitablecattactmsemtior bondingprocBssWh@ie embodiamentthertnamp material is

reflowed py heating the matgrial ahovsits)melting, paintde,form spherical balls of YIRS 202 dn some

applications, bumps 202 are reflowed a second time to Improve electrical contact to conductive layer 198.
A UBM can $efofned wnder bdips 2020 Thébhunips can alsesier edmprassicrrbarded fconductive

layer 198. Biimps,202 represent ong type of interconnect stiugtyre that gan e fored pyer.gonductive
layer 198. The Interconnect structure can also use stud bump, micro bump, or other electrical
Intercondgetymer, 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. In 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
frame 166 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

-20-



Semiconductor die 124 are singulated through Interposer frame 166, encapsulant 194, and build-up
Interconnect structure 196 with saw blade or laser cutting tool 204 into individual Fo-WLCSP 206. FIG. 9
shows Fo-WLCSP 206 after singulation. Semiconductor die 124 is electrically connected through contact
pads 132 and build-up Interconnect structure 196 to conductive pillars 164 and Interposer frame 166. The
preformed Interposer frame 166 simplifies the assembly process by negating the need for RDL patterning

over at |43t 0REBRIfEEE bY enddpsutalft 1945 Br Witfifing cBhEGatReilldrs Ihoughthé enéapsulant.
Depositingsencapsalant slurp; 294 prorteameunting: interposen frame 1G6iand thenspressing the
Interposer frame over the encapsulant slurry provides uniform coverage of the encapsulant around
semiconGUEtEFEiR 122 arit Edriductive pRiats 1641 0u9h EREL 14A%10¢€ filustrate, in relation to FIGs. 1
and 2a-2c, another progess op faspung a Fo=WHLSP ydthbanr titeeposer frame ardi carductive pillars
providing vertical | terconnelétt for a semg?onductor die. Continuing from FIG, 8b, aropre-formed Interposer

frame 2101 BoSTHONEd BV caTHEr T8 AS SROWA T FIcS. 104 In T718 cASE TAterpBSEF frame 210 has

cavities arageesses212formedvn stuhstrate 212kin areas dpsighated fop alignmentiwitk semiconductor

die 124. Conductive vias and layers 215 are formed through substrate 214 and insulating layer 217
similar toslgllélsf.:agg N %?]]é ogrln%ri(’aaogpeanrllr(ggscﬂ1 Léfr:(—ic %o‘fr%e%ﬁ%?oaurg% In?leélrposirrlhﬁa}ﬁ%]zgl%%. T(ﬁg
Interposerdratune 2104s pouhteds tol kferfacesayer: £32 by qonessingy thekimterposér frame onto encapsulant

slurry 194 with force F. The ressyﬁfronhforce F.causes nca}gsulant lurry }9 to flatten and
compIetefyemf%%ngf%gtuonrdegjfneterposér fra?nceoﬁld~ %ﬁg Xd’roelkfr?l Semiconductor d?e 4 and conductive
pillars 218cExcesslandapsutre shitdy 194 exivethedudty openiags21ént 194 .When properly seated,
semicondugtar die 124.are partially dispased within cavities 212, Gonduetive pillacs 218 are disposed
around semiconductor die 124 and contacting interface layer 192, as shown in FIG. 10b. Encapsulant 194
surrounds senscoriiitoradie 124randPCortductive pitkarsi 164 sSémiconduétor tiey 124 can be mounted to

wettable contagt 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
conductive layer 198 is electrically connected to conductive
pillars 164. Other portions of conductive layer 198 can be

electrically common or electrically isolated depending on the
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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 @h IRt de pISioR Proctss Rh S $PiftterihgtectréVtic plating, and electroless plating.

Conductive layer 224 can he ene £f meyedayers of AlaEu.ocon, 1Ny Atl, Ago of gthes suitable electrically
conductive material. One portion of conductive layer 224 is electrically connected to contact pads 132 of

semicondUctardie AT ARbNG: potiGT of Cohduttive 18/er 25438 efdtinédiy Bonnetted to'donductive
pillars 218vOtheriortians;of epriductive tayes 224mainybe etectrica)ly contaen ag etectricadlyisolated
depending an.the design and function of semiconductor (?rie 124. . An insula}ai?\%g{ assivation
layer 2267 fBrHied Around GortiUetve Taya 228 oF ereblficar Rbfat (i PYD: VD pHiRing, spin
coating, spfrag coating,isintéring ooithernsad ©XjdatibnOThe insulatingrlayer226 edntainsiene or more
layers of 5102 SI3N4ri Su'E)Nd Ta205, Al203, or other material h%viiré simikar insuclzilt(ijr}lg g@d structural

propertie§.l,gflpo"?ltlronlofS insﬁlaﬁﬂg I::‘layf(laor1 Zi%féla%tﬁlé: ?elmg\%jéj 8§ an etching p%&:ess to expose conductive

layer 224ifosadditibngl élegteicakiffercemnéct. removehh BIG. difes antelectricallyccorgluctive bump
material is de(posited over Qzui\lge-ueéntg;_ﬁcopggc%gpcgg&%@ %gq eleeicéréccq_ﬁllyccgfnected to the exposed

portion of conductive IIlayuecr 04 usmg an evaporation, € ectroﬁltlc plating,

interconnect.

In FIG. 8g, an electrically conductive bump material
is deposited over build-up interconnect structure 196 and
electrically connected to the exposed portion of conductive
layer 198 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 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
can also use stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 124 are singulated through
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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 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
applicatioris- BuRfpeI28 a/ e fibid aiegé@d?ﬁf’tgﬂé% improveéle&triéarcotitactts cohateRetayer 224.

A UBM canbedorned uander;hbumps 228, Thedbwnps ear alsohe eampressiorvbanded to conductive
layer 224, Bumps 228 r;:Epresent one t@/ge of Interconnect structure that can be formed over conductive
€

layer 224" ThEVinfErédnnet Yrticture 88n aldolGse studiiTp,mickd btmp? OF ofterFiectrical

interconnech Ghemicopductos diei bhale-singulated thraughs Interposet trame,2 1 ensapsdlant 194, and
build-up Ittercontplect structure 19§ wiffl} aw b%a%e o&l Iser cytting tool 230 into itndividual Fol-gv CSP
232. FIG 11 SHEWs FOWE CsP 233 after stiflilatibht Serfcdhducts iR 12 i eidtticdlly connected
through contactpadstli3Zeand buaidd=up iMterconhethsteugiore=222 taaoenductive piltass 248-and Interposer
frame 219bmee grefgrcm%d (I)r;)tgpo&er I%rg e %105 inTr1n Ii.fi%es the 1__aﬁserggst))Ig/e%rkg)](_;ess Pg gelggti the need for
RDL patterning over at 1east one surface oéenca}osﬁ ant 194, or orming conduchive pillars through the
encapsulaat Deipositingee ncapsulant skRPly 184 pramtorrgounting katerpesertframe Zh-drdthen pressing
the Interposer frame aver t}et_—:- f@gap%%la@t slurrx ﬁ)rovidgs upiform co\@%% Qg the en%aﬁz1 ulant around

semiconductor die 124. ce e%%? of Fo-WLCSP hroul% “shows an

Cavities 212 redude the
embodiment 8PFo-\WhCSP 24@,csimilantd FIG: & withesemiednductor di€ 242imounted to Interposer

frame 16§ with dig attach adnesive 244, memiggnduclor die 242 has an aciye syrface 748 containing

analog or digital circuits Implemented as active devices, passive devices, conductive Layers, and
dielectricflayers formmead Withirctheadie ahdelectricallyyinferegnnscted acéording-ovheadectri€al design

and function.of the die. Far example,,the_cirouit may, Inglude; one o5 mare dransistors, diodes, and other

circuit elements formed within active surface 248 to Implement analog circuits or digital circuits, such as
DSP, ASKG,Imemdry, &t other signal processing circuit. Semiconductor die 242 may also contain IPDs,

such as inductors, capagitars, and resistors, forsRE signal progessing: 43, opg embadiment ggmiconductor
die 242 is a wire-bond die. Bond wires 250 are electrically connected between contact pads 252 on active

surface 248 &1t cORHRICHTE IR/t A5 0fIhtetpeserHrame 186"LCSP WARm@BpSBAREEPTBIding

compoungh-254tisdeposiied ever semiconductor die, 242 angd Inerpasey frame 466 dising-a paste printing,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or

other suitabREAPHIRATOIS EREapsiflant 254 Ear b BolymercémpBosife®r & 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
fill the area under interposer frame 210 and around
semiconductor die 124 and conductive pillars 218. Excess

encapsulant slurry 194 exits through openings 216.
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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
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. Sc. The internal stacking module 262 includes
semiconductor die 264" WitR ahHchiFeé SUrfaté 268 coRtiiting HHafdor digRaldfcuits Smplemented as
active deyices. passiveideyeesCondustive lByers; aad dielectricdayersderned pithinthe die eind
electrically interconnected according to the electrical design and function of the die. For example, the
circuit m&y MRS Gr Mbre HanSiSIbrS CHiddES. dnd difier éitc Al EleRfEhtS form&d within active
surface 268ttedmptementanala® eiycuits endigital oircrits, .suchias D8P AMC L memary4or other signal
processing circuit. Semiconductor die 264 may a:%so contain IPDs, such as | qructors Igapacitors, and
Fesistors TOF RE-Jgal rotesat Samiconauttdr did 2od R BLAoRbTsGser ame 166 with die
attach adhesive2G9.: Bond wites 27@ ara elestrically coadectedvbetween €ontact pads 242 0n active
surface 298 anddconductive }ary.eér1699%f ir%terp%s(% frame 166 : Aggzpca sulant or molding

compoundO STE 1S (:?evp%rsitgﬁl over semiconductor die 26 ]é?ldslllllt]éFg&S%? ffame 166 using a paste printing,

compressive apaldihgt transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or

qther suitable applicat_ hE.ﬁDEaPSLﬂ%rét,Z@a%aq leg% pﬂgygn%rn ggorrﬂB%seitefrangtter'aal,yseurch1 epoxy resin with
filler, epoxy acrylate with filler, or polymer with proper filler. ncapsuﬁant 274 is'monconductive and
environnestallyget otectsthersamitoadutton device flonn extetnaleetémedis AP comtaniinantsal

While ongp{r%ﬁrgge,mlg%gmgﬁs 8fa§pg,pr§§eﬁtiiaﬁ%ntiopag%\ée g%%qlﬂlyﬁggtegrjnvgg{ail, the skilled artisan

will appreciate that modifications and adaptations to those embodiments may be made without departing
from the S¢opecpfithe presemriaventiomcassetiforth in i followlpeldims.or 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
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
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Claims What is claimed: 1. A semiconductor device, comprising: a first semiconductor die; an
interposer substrate including a plurality of conductive pillars disposed over the first semiconductor die;

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
individual Fo-WLCSP 232. FIG. 11 shows Fo-WLCSP 232 after
singulation. Semiconductor die 124 is electrically connected

through contact pads 132 and build-up interconnect structure 222
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an encapsulant deposited through an opening in the interposer substrate over the first semiconductor die;
and an interconnect structure formed over the encapsulant and first semiconductor die and electrically
connected to the conductive pillars. 2. The semiconductor device of claim 1, further including a cavity
formed in the interposer substrate to contain a portion of the first semiconductor die. 3. The
semiconductor device of claim 1, further including a second semiconductor die disposed over the first

semicondRAGPHEUAE THE SehlitaRducdtordéVie bRERIRAS firtheraiAudihg a sedshd&&iconductor die
disposedravendie intewesessubstiatee 52 The semicanducior-drvicasebelaing 4p fusthes inglyding a bond

wire formed between the second semiconductor die and the interposer substrate.
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
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other

suitable applicator. Encapsulant 254 can be polymer composite
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6. The semiconductor device of claim 1, further including a plurality of stacked semiconductor devices
electrically connected through the interposer substrate and interconnect structure. 7. A semiconductor
device, comprising: a first semiconductor die; a substrate including an opening formed through the
substrate and a plurality of conductive pillars formed over the substrate, the first semiconductor die being

disposed over the substrate between the conductive pillars; ,
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
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 274 is non-—

conductive and environmentally protects the semiconductor device
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an encapsulant deposited over the first semiconductor die; and an interconnect structure formed over
the encapsulant and first semiconductor die and electrically connected to the conductive pillars. 8. The
semiconductor device of claim 7, wherein the opening in the substrate is adapted for injecting
encapsulant or exhausting excess encapsulant. 9. The semiconductor device of claim 7, further including

a cavity formed in the substrate to contain a portion of the first semiconductor die. 10. The semiconductor
device of[di&ith ?Xfufther incRidifG Alsecond serficaitiuetdrdie disposed over the first semiconductor die.

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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11. The semiconductor device of claim 7, further including a plurality of stacked semiconductor devices
electrically connected through the substrate and interconnect structure. 12. The semiconductor device of
claim 7, further including a second semiconductor die disposed over the substrate. 13. The
semiconductor device of claim 12, further including a bond wire formed between the second
semiconductor die and substrate. 14. A semiconductor device, comprising: a first semiconductor die;

a first encapsulant deposited over the first semicSHdRWT die; and

What 1is claimed:

1. A semiconductor device, comprising:

a first semiconductor die;

an interposer substrate including a plurality of conductive
pillars disposed over the first semiconductor die;

an encapsulant deposited through an opening in the
interposer substrate over the first semiconductor die; and

an interconnect structure formed over the encapsulant and
first semiconductor die and electrically connected to the

conductive pillars.

2. The semiconductor device of claim 1, further including a
cavity formed in the interposer substrate to contain a portion

of the first semiconductor die.

3. The semiconductor device of claim 1, further including a
second semiconductor die disposed over the first semiconductor

die.

4. The semiconductor device of claim 1, further including a

second semiconductor die disposed over the interposer substrate.
5. The semiconductor device of claim 4, further including a
bond wire formed between the second semiconductor die and the

interposer substrate.

6. The semiconductor device of claim 1, further including a

plurality of stacked semiconductor devices electrically
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a substrate including an opening formed through the substrate and a plurality of conductive pillars formed
over the substrate, the substrate being disposed over the first semiconductor die and first encapsulant.
15. The semiconductor device of claim 14, further including an interconnect structure formed over the first
encapsulant and first semiconductor die. 16. The semiconductor device of claim 14, wherein the opening
in the substrate is adapted for injecting encapsulant or exhausting excess encapsulant. 17. The
semiconfiRAGEGNiCe blEIAHA 4 Riither TicIBAIRG 2 SRRy Fomhéed A heStistratd i Eontain a portion of
the first sepiicenductar die. 18. The semiconductor device of claim 14, further including a second
semiconductor die disposed over the first semiconductor die. 19. The semiconductor device of claim 14,
further including a second semiconductor die disposed over the substrate.

7. A semiconductor device, comprising:

a first semiconductor die;

a substrate including an opening formed through the
substrate and a plurality of conductive pillars formed over the
substrate, the first semiconductor die being disposed over the
substrate between the conductive pillars;

an encapsulant deposited over the first semiconductor die;
and

an interconnect structure formed over the encapsulant and
first semiconductor die and electrically connected to the

conductive pillars.

8. The semiconductor device of claim 7, wherein the opening in
the substrate is adapted for injecting encapsulant or exhausting

excess encapsulant.

9. The semiconductor device of claim 7, further including a
cavity formed in the substrate to contain a portion of the first

semiconductor die.

10. The semiconductor device of claim 7, further including a
second semiconductor die disposed over the first semiconductor

die.
11. The semiconductor device of claim 7, further including a

plurality of stacked semiconductor devices electrically

connected through the substrate and interconnect structure.
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20. The semiconductor device of claim 19, further including a second encapsulant deposited over the
second semiconductor die. 21. A semiconductor device, comprising: a first semiconductor die; a
substrate including an opening formed through the substrate and a plurality of conductive pillars formed
over the substrate, the first semiconductor die being disposed over the substrate between the conductive
pillars; and an encapsulant deposited over the first semiconductor die and substrate. 22. The

semiconductor déVice FdamR 24 fitthe? fichding anGhtetBontrect ShbBfife foIet dvist the encapsulant
and first semiceaduetar dishductor die disposed over the substrate.

13. The semiconductor device of claim 12, further including a
bond wire formed between the second semiconductor die and

substrate.

14. A semiconductor device, comprising:

a first semiconductor die;

a first encapsulant deposited over the first semiconductor
die; and

a substrate including an opening formed through the
substrate and a plurality of conductive pillars formed over the
substrate, the substrate being disposed over the first

semiconductor die and first encapsulant.

15. The semiconductor device of claim 14, further including an
interconnect structure formed over the first encapsulant and

first semiconductor die.

16. The semiconductor device of claim 14, wherein the opening
in the substrate is adapted for injecting encapsulant or

exhausting excess encapsulant.

17. The semiconductor device of claim 14, further including a
cavity formed in the substrate to contain a portion of the first

semiconductor die.
18. The semiconductor device of claim 14, further including a

second semiconductor die disposed over the first semiconductor

die.
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23. The semiconductor device of claim 21, wherein the opening in the substrate is adapted for injecting
encapsulant or exhausting excess encapsulant. 24. The semiconductor device of claim 21, further
including a cavity formed in the substrate to contain a portion of the first semiconductor die. 25. The
semiconductor device of claim 21, further including a second semiconductor die disposed over the

substrate. , , , , ,
1 The semiconductor device of claim 14, further including a

second semiconductor die disposed over the substrate.

20. The semiconductor device of claim 19, further including a

second encapsulant deposited over the second semiconductor die.

21. A semiconductor device, comprising:

a first semiconductor die;

a substrate including an opening formed through the
substrate and a plurality of conductive pillars formed over the
substrate, the first semiconductor die being disposed over the
substrate between the conductive pillars; and

an encapsulant deposited over the first semiconductor die

and substrate.

22. The semiconductor device of claim 21, further including an
interconnect structure formed over the encapsulant and first

semiconductor die.

23. The semiconductor device of claim 21, wherein the opening
in the substrate is adapted for injecting encapsulant or

exhausting excess encapsulant.
24. The semiconductor device of claim 21, further including a
cavity formed in the substrate to contain a portion of the first

semiconductor die.

25. The semiconductor device of claim 21, further including a

second semiconductor die disposed over the substrate.
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