SEMICONDUCTOR PACKAGE AND METHOD OF MOUNTING
SEMICONDUCTOR DIE TO OPPOSITE SIDES OF TSV SUBSTRATE
Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
package and method of forming a TSV substrate and mounting
semiconductor die to opposite sides of the TSV substrate. Background of
the Invention Semiconductor devices are commonly found in modern
SEMIIEONDUICTORJBAISK A6EN I ANDA METHOBVIOES NQUNITTHNG SEMIECONDUCTOR DIE
density of electrioabr@ROpIMIENSI DI rore JEViCBUBISTRATHReVICES
generally contain one type of electrical component, e.g., light emitting
diode (LED), small signal transistor, resistor, capacitor, inductor, and
power metal oxide serficehductdbr tibRl dtfvsinttdreistor (MOSFET).
Integrated semiconductor devices typically contain hundreds to millions of

electrical components. Examples of integrated semiconductor devices
include RiiéraconfdNlérs! miefptecessots [itargedIeaapIed devices
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Semiconductor devices%)erfo_rm a wide range of functions such as
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semi sgnals; contolling-electsppici devicesetsansformingrsunlighit ta ekectricity,
and creating visual projections for television displays. Semiconductor
devices are found in the fields of entertainment, communications, power
conversion, networlBackgmmued, afdtheokrvendrimoducts.
Semiconductor devices are also found in

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

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

communications, power conversion, networks, computers, and



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 conductivity of the semiconductor device. A semiconductor
consGevicesadains activeant-passive @lecsicaksisuciueess ACHVE Stugtures,
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semiconductor device to perform high-speed calculations and other

man e Fonctibns” SerREdndactoP Belites Aré GEABFAIRY mafibfackired?se
curr &St twercomplex manwfactusing processesd.e., fraient introduces
. manufacturing, ggd back-end anufacturin%, each involvin% tentiall
1mpuﬂltaes 1nF e SeTlCO uctor material to maP ulate 4and
undreds o steps. Front-end manu acturing mvolves the formation of a
cont pluralityeofaie dndhésurfacefoftar sesrindnductor waferd Eachedie is
typically,idepfical and, coppains gir SE't%E‘%{gaeﬂl‘%y glectrically connecting
active and passive components. Back-end manufacturing involves
eleckingddtirgr ructures. 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



individual die from the finished wafer and packaging the die to -2 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

prov precessresuliinglin die pathcsrmaliers highesndensityl activel ard passive
compongnts. Back-end pracesses may resultin semicanducior devige ..
packages with & smalfler footprint by improvements in electrical —© Proe
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Many semiconductor packages use stacked semiconductor
die for vertical integration. The stacked semiconductor die are

electrically connected with bond wires, bumps, or conductive
vias formed through the encapsulant. The vertical interconnect
between semiconductor die consumes space and increases the
overall height of the package, as well as imposing higher

manufacturing costs.

Summary of the Invention

A need exists to stack semiconductor die with minimal
space for vertical electrical interconnect. Accordingly, in one
embodiment, the present invention is a method of making a
semiconductor package comprising the steps of providing a wafer
level substrate, forming a plurality of vias through the wafer
level substrate, depositing conductive material in the vias to
form first conductive vias through the wafer level substrate,
providing a first carrier, mounting the wafer level substrate

with first conductive vias to the first carrier, mounting a



providing a first carrier, mounting the wafer level substrate with first
conductive vias to the first carrier, mounting a -3 first semiconductor die to
a first surface of the wafer level substrate, depositing a first encapsulant
over the first semiconductor die and first carrier, removing the first carrier,
providing a second carrier, mounting the first semiconductor die and
wafer level substrate with the first encapsulant to the second catrrier,
mounting a second semiconductor die to a second surface of the wafer
firstevebsubstiateceppositesthedirst surface ©f e wafertlevaksubsteatelevel
depositing a second encapsulant over the second semiconductor die, and
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carr amother embodiment, the present invention is a method of making a
semiconducior package. comprising the,steps of providing. g substrate
having a first conductive via through the

method of making a semiconductor package comprising the steps of
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providing a substrate, forming a first conductive via through
the substrate, mounting the substrate with first conductive via
to a first carrier, mounting a first semiconductor die to a
first surface of the substrate, depositing a first encapsulant
over the first semiconductor die and first carrier, removing the
first carrier, mounting the first semiconductor die and
substrate with the first encapsulant to a second carrier,
mounting a second semiconductor die to a second surface of the
substrate opposite the first surface of the substrate,
depositing a second encapsulant over the second semiconductor
die, and removing the second carrier.

In another embodiment, the present invention is a
method of making a semiconductor package comprising the steps of
providing a substrate having a first conductive via through the
substrate, mounting a first semiconductor die to a first surface
of the substrate, depositing a first encapsulant over the first
semiconductor die, mounting a second semiconductor die to a
second surface of the substrate opposite the first surface of

the substrate, and depositing a second encapsulant over the



substrate, mounting a first semiconductor die to a first surface of the
substrate, depositing a first encapsulant over the first semiconductor die,
mounting a second semiconductor die to a second surface of the
substrate opposite the first surface of the substrate, and depositing a
second encapsulant over the -4 second semiconductor die. In another
embodiment, the present invention is a semiconductor package
comprising a substrate having a first conductive via through the substrate.
secoAdfirst semiconductar dieeis mounted to a first surface of the substrate. A

first en%apsulan is degositgd ovegthe ﬂrst semiconcdu.ctor die. A second
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semioppasite the firstlsaidface ofithe substrates Aoseconde engapsylaat iSirst

cona@EPPSited pyer the second semicondpctor die.,Brigf, Descripion of fHe: » qie
Drawings FIG. 1 illustrates a PCB with different types of packages
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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-31 illustrate a process of forming a TSV
substrate and mounting semiconductor die to opposite sides of
the TSV substrate;

FIG. 4 illustrates metal layers mounted over the
semiconductor die;

FIG. 5 illustrates conductive vias formed in the
encapsulant over the TSV substrate;

FIG. 6 illustrates bumps formed in the encapsulant
over the TSV substrate;

FIG. 7 illustrates stacked semiconductor packages each
with semiconductor die mounted to opposite sides of TSV
substrate;

FIG. 8 illustrates the bumps encapsulated for stacking
the semiconductor packages;

FIG. 9 illustrates a second TSV substrate mounted to



FIG. 7 illustrates stacked semiconductor packages each with
semiconductor die mounted to opposite sides of TSV substrate; FIG. 8
illustrates the bumps encapsulated for stacking the semiconductor
packages; FIG. 9 illustrates a second TSV substrate mounted to -5 the
semiconductor package with semiconductor die mounted to opposite
sides of the first TSV substrate; and FIG. 10 illustrates stacked
semiconductor packages each with semiconductor die mounted to the
the JSM substtateoDetaded Rescriptios @f the RMawings The presetted to
invention js described in.one or e_embodiments in the following
Oppo%le%(e:riﬁt%o(j{ne\?vitﬂ%re?e%r%n%é 10} %he%%u?élsg,]sl%ﬁvahﬁgh liké Orllumerals represent
the samelor.sifrilai l6lements. A hilé dlod awestionds descrilved e tarasecf
eacn the st made for achieving the, inventign's objectives, ituillbe, .
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 ©4 the-invsatier astdefineds byrihe sppRded claims and
their equivalents as supported by the following disclosure and drawings.
Semiconductor devices are generally manufactured using two complex
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mode for achieving the invention’s objectives, it will be
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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
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



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 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 -6 including doping,
deposition, photolithography, etching, and planarization. Doping

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



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

depo glirecty depeositing dhe smaterial intodbarareas or yaigls fapneddyraocless and
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and & ec?ro‘ljy IC ﬁaﬁn’g. Depositing a thin film of material over an existing
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wafer with a polishing pad. An abrasive material and corrosive chemical
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poli#itortbe padividuahdietard then packaging thedlie forrstructaratisepporl are
adde%n i?e”c‘@@”%%g'césoé%“oc’?ieT%iPQE'a&%ﬂ%gi%éﬁ‘% wafgris scgred and
combiggéﬂhechanical 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
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system

and the functionality of the semiconductor device is made

available to the other system components.



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
wireborelsG An encapsidant-ersothes sraldingdnaterial is depositethover chip
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A R AU 1 e MLEToc e A CIRKAs Yo it @
plurddndgtionafitysefitheseimiconducterkdeyice isorade dvailablestosthe foiher.

E1ecSYSIEM CQMPONENts, -§ FIG, 1llusyates glectrgnic Qr%\_/ié?S’n%QJQ%‘éinﬁiagFage ,

chip carrier substrate or printed circuit board (PCB) 52 with a plural

or mbhiiedivdictorpackage heaRtEarsre tsRurfaces Elefraric Heviceo50 the

appl May have onerype of semicanductorpackage, rJrultiple tynses Afages are
semiconductor packages, depending on the application. The different

showpy iy iSemitohdlictdr Pakkages are shbwif -EE: -1 for purposes of
ilustrationeEtectronic device S0smayde astandsalone-system thaktsaesthat
semiconducéor&acka es t(a)é)erform one or more electrical functions.
Qr

th
uses Aﬁ?é?ne?tlevnéﬁoer}ec Fomie dVice 56 fnay” A sibtomponsht B Targer
eleciystem. E@n@tajmple, eleiumm&_lei/icelw nﬂ;_ebelaographﬂsvcﬁard, 50 may
pe aNEMNQTKIDLeriace cas daoﬁaq}Q%Es'Q{?gk%?Q?eS?'BQ C@Q&E%C,a%gg ctronic

“inserted into a computer. Thé semiconductor package can include
devi gficRohrocesdors amentoriess apphiestionspecifik integritégce 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.

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
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between
each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for

mechanically and electrically attaching the semiconductor die to



circuits (ASIC), logic circuits, analog circuits, RF circuits, discrete devices,
or other semiconductor die or electrical components. In FIG. 1, PCE 52
provides a general substrate for structural support and electrical
interconnect of the semiconductor packages mounted on the PCE.
Conductive signal traces 54 are formed over a surface or within layers of
PCE 52 using evaporation, electrolytic plating, electroless plating, screen
printing, or other suitable metal deposition process. Signal traces 54

an iptevidedonelectrical cemmurseationibebvean wachofithe semicorductor
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electrically.attaching the intermediate carrier ;i9dhe RGEImothefe s of
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PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive

devices, conductive layers, and dielectric layers formed within
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PCE 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 PCE 52. In some embodiments, electronic device 50
includes a single attached semiconductor package, while other
embodiments call for multiple interconnected packages. By combining
one or more semiconductor packages over a single substrate,

the dManufactusers careincotporate; predveade COBPONENS e eleciranic the
devices and systems. Because the semiconductor packages include
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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 packing 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 to prevent oxidation. Contact pads 102
are electrically connected to one or more conductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads

98 of BCC 62 and contact pads 102 of PCB 52.
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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 contaninating dje €4t vdrelbends 821 ElIG.82h Hlustratessturthete down
detail of BCC 62 mounted 197 PC%EZéS]gEr\icon%uctor gie18€8 '%sirpounﬁed

B LRVer Eaftiet 90 Tding & underfildr egoxy-resin adhesiVe Materiarg2. < 7et

pack Wﬁegbond>$94peowd_e first 1&0e] pai:kﬁwgnttﬁ@m@nné@trbgﬁt\ﬁeeifﬁ c.ontacﬁin S
ana18348,96,30d 98, Mojding comnaungd, %%‘E%%P%‘éa%t&‘%ov@ gdeposited over

semiconductor die 88 and wire bonds 94 to provide physical support and
pass glectficalisslation forthe tdelfce. 2Tontact padscro aretformedoirr a formed

accosdifage of PGR 521using a-syitakle metal depasitign Process-suchias1e, the
electrolytic plating or electroless plating to prevent oxidation. Contact

circyhbis™DL hré BRstEicAly Conrkctéd t 6RE bF Mdier cohiditive sighictors:
capatraeces 54 inREBAR: Buraps 184rare fofrred betweensoptact padsn98 of i ve

. BC%Q% and, contact Bad 102pr P%% 52, -1% In {:IG. 2%,lsemic nductor
£€91 Uie 58%s motinted face'down fo ntermediate carrier 106 with'aTlip chip
me chatyle ditstlevelnpackaging.cActarecregion 108 of sengjtonduster die058
containg, analeg ot digital eirguits implemented as active devices, passive. .
devices, conductive layers, and dielectric layers formed according to the
PCB electricdl desigiobtheldiesFepagample theackaging 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
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-31 illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a TSV substrate and mounting
semiconductor die to opposite sides of the TSV substrate. 1In
FIG. 3a, a semiconductor wafer 120 contains a base substrate
material 122 such as silicon, germanium, gallium arsenide,

indium phosphide, or silicon carbide, for structural support. A
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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. EGA 60 is electrically and mechanically
connected to PCB 52 with a EGA style second level packaging using
bumps 112. Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCE 52 through bumps 110, signal lines 114, and
plurdumps b¥2 A srolding cempeound @r encapsilaptibi6 is: weposited oves
1aseS® i(ﬂ %}ctor gie e8€an§fl cg(r:r%elr 106ito preotvci: eirphygbcgjrﬁljlpport and
eléctrical isGlation Tor the dévice. The ?ﬁp chip semiconductor device
provides a $host eleotricah coneluction phtly froomthecadtne deviees @h 1s
depo SepUgondustot die 58 1q condygtion tracks pp RGE 52 in;grder fo reduce
signal propagation distance, lower capacitarice, and improve overall
eleckfredit perfotmahes. rCarfcther embddirhéeNe thd seritorfductorodie’ 58S

(Tsv Fanhe meebanically apdelectrically cannected directly {0,.RCER2 Usings a1,
flip chip style first level packaging without intermediate carrier 106. FIGs.

Cur Z3:3Hustrate, 3 relafiof 16 FIGS U aHdPa-2¢ A process bf fiHg et ve
matedSM substrate and mounting semiconductor die to opposite sides of the
TSV sui%str%t GIn #:IG. 3a, a serriicgnductor wafer 120 contairls a bas?% .
substrate matériar {22 %ﬂcﬁ%%usnI?coln?%e?rrﬁaﬁ%srﬁ,léfaalﬁ&r%narsg ide, s
formémdiomephasphide,corlsilicant canbige; ferstructral stipport. A24 2usluraditypvD,
cvp, OhYasLag,is fS#I‘SdéBE ﬁ“%&%‘; 18&}&%%,'aé%‘ég'ﬂ%’rgfe& rmal

reactive ion etching (DRIE). In'F an electrically conductive materia

oxidgfion. The insulating layer 126 can be one or more layers
of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide

(A1203), or other material having similar insulating and
structural properties. A portion of insulating layer 126 is
removed by an etching process to expose TSV 124.

An electrically conductive layer 130 is formed over
surface 128 of substrate 122 and TSVs 124 in the removed
portions of insulating layer 126 using a patterning and metal
deposition process such as PVD, CVD, sputtering, electrolytic
plating, and electroless plating. Conductive layer 130 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 130 is
electrically connected to TSVs 124. Other portions of
conductive layer 130 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device.

An insulating or passivation layer 132 is formed over
TSV 124 and surface 134 of substrate 122, opposite surface 128

of substrate 122, using PVD, CVD, printing, spin coating, spray

-13-



deposited into vias 123 using electrolytic plating or electroless plating to
form conductive through silicon vias (TSV) 124. Conductive TSVs 124
can be one or more layers of Al, Cu, In, Ni, Au, Ag, or other suitable
electrically conductive material. In FIG. 3c, an insulating or passivation
layer 126 is formed over surface 128 of substrate 122 and TSV 124 using
PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 126 can be one or more layers of silicon
coat diexide (Si2)i silicon nitriden{Si3NA4)i slicaBnoxyrittidei (SHQN) £ tamntaluayer
132 Pentoxide (Ta205), aluminum oxide, (A1293). 8£$£P4G,r 'E?E?”a'.?%%@%’
similarinsulating and struc%ralspropertles. A portion’of msmlﬂéltlng ayer
Al20326ds renhevediby anietthingvprogess toéxposenF8Vai2hAretectrically

st rufPRAUstive layer 130 4s forﬂ‘edeQ‘é‘iro§}JE>f§°§;&L%?lll%ftsﬂpgtrf‘é‘ié?zf”t‘ﬂ? is

TSVs 124 in the removed portions of insulating layer 126 using a
remoyttehling andtneidl JEFESIRGT pictesssikh dSPVE CVD, sputtering,

electrolyic plating, angelectraless plating. Conduciive layerd30.ean Beer
one or more layers of Al, Cu, In, Ni, Au, Ag, or other suitable electrically

surfaaRdciveinaterta - Edhdultive el 13058MEI8ERicRRlY toRRECtRE to
insuT&M$ 1324 Qtherportions ot conductive layes 130ranbe electieallyt ion

proc$OIMON.or slegtrically jsplated depending on the design and fungfion of
e semiconductor device’ An‘insulating or passivation-iayer IS

elecfomied everl ISV 24 dhahsurfacer 34 af subdtsateck2? , lopposie surfacee
1aye 48,9 gybstrge 192, uging RYD, VD printing, Spin, ¢0aing, spray.«18.a11y
conductive material. Conductive layer 136 1is electrically
connected to TSVs 124. Other portions of conductive layer 136
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

A substrate or carrier 140 contains temporary or
sacrificial base material such as silicon, polymer, polymer
composite, metal, ceramic, glass, glass epoxy, beryllium oxide,
or other suitable low-cost, rigid material for structural
support. The wafer level TSV substrate or interposer 138 1is
mounted to carrier 140, as shown in FIG. 3c and 3d.

In FIG. 3e, a gap 141 is cut through substrate 122 of
semiconductor wafer 120 with saw blade or laser cutting tool 142
down to carrier 140. Saw blade 142 does not sever or weaken
carrier 140, i.e., carrier 140 retains its support property
across the remaining sections of substrate 122.

In FIG. 3f, semiconductor die or component 144 are
mounted to substrate 122. Each semiconductor die 144 has
contact pads 146 formed on active surface 148 oriented toward
surface 128 of substrate 122. Active surface 148 contains

analog or digital circuits implemented as active devices,
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coating, sintering or thermal oxidation. The insulating layer 132 can be

one or more layers of SiO2, Si3N4, SION, Ta205, A1203, or other

material having similar insulating and structural properties. A portion of

insulating layer 132 is removed by an etching process to expose TSV

124. An electrically conductive layer 136 is formed over surface 134 of

substrate 122 in the removed portions of insulating layer 132 using a

patterning and metal deposition process such as PVD, CVD, sputtering,
pass electrdyticplajing cand @lectkoless platings Kzonthuctive tayer 136,eats be€ormed

... one or mare layers of Al, Cu, In, Ni, Au, Ag, or other suitable electricall

G ot b o ef 15595 SRATHA Soneqoiie s the
elecTiS=124<Gther portiorisioftorductivedayedid86 cdfpbe elegtrdally the

circGPPMAY of glactrcally isolated depepding.an. dhe design and fungtion qf, . -
the semiconductor device. A substrate or carrier 140 contains temporary
circet tsaekiieril basé martial sGEH as 3ilicbre pslyter polyhtert eoniposiaent

anal®etak ceramic, glass; glassiepaxy. bepdlium oxide,s o other suitablg, 51
low-cost, rigid material for structural support. The wafer level TSV

proc%ﬁﬁ@f’rat@ ihterPosér 138 T MouMted W0 e risr-BAG laPEnGR i BIG.
circdctand 3dnnddf 36; ergap 441 43 cubihraugh substratenl 2220f such as
emiconductor W%fer 120 with saw. blade or laser (‘Eliltll’slq_ tool 142 down to

. )
lndu%%?rlresr’lﬁf@acv% Pade 142 does ot saver of weaken ca?rﬂ%rl 1H0oLESs 19
A pleagierti4Cretaispts SUpgporspropentyd acrass therrénmidining sections b0 or

cont SUPSAe.122.In FIG. 3i semiconductor die QESETPQ”SQB%é%QV%ontact

mounted to substrate 122. Each semiconductor die 144 has contact pads
pads 1h46Sofmed Oractivevsuriacec 148 dbientettowsdembodiment,

semiconductor die 144 is implemented as a flipchip style device.

In FIG. 3g, an encapsulant or molding compound 156 is
deposited over semiconductor die 144, substrate 122, and carrier
140 using a paste printing, compressive molding, transfer
molding, liquid encapsulant molding, vacuum lamination, spin
coating, or other suitable applicator. Encapsulant 156 can be
polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 156 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 3h, a substrate or carrier 158 contains
temporary or sacrificial base material such as silicon, polymer,
polymer composite, metal, ceramic, glass, glass epoxy, beryllium
oxide, or other suitable low-cost, rigid material for structural
support. The structure described in FIGs. 3a-3g is inverted and
mounted with encapsulant 156 to carrier 158. The temporary
carrier 140 is removed by chemical etching, mechanical peel-off,

CMP, mechanical grinding, thermal bake, laser scanning, or wet
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surface 128 of substrate 122. Active surface 148 contains analog or
digital circuits implemented as active devices, -14 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 148 to
implement analog circuits or digital circuits, such as digital signal
strippacessor (DSP), ASIC, memory, or other signal processing circuit.
Semicoqgu%t?édi%_%44 ma .alsodguoggain IPDé such as induct%rs

: : d 60
capacitors, and resistors, for RF Sighal’ processing. A prurafity of]bumﬁs]f ©

mound&Q is forhied evercorductivedaye k30 or contactpadsok46iand 160 has
cont £Howea Lo electrically congect, contact pads.146 to,gonductye Jayer,130.

In one embodiment, semiconductor die 144 is implemented as a flipchip.
TSV spyé devicks in FIGCSg,van BREapsiflantdr wolding eenipoured156 iligital

circdeposited oygesemiconductarsdie 144, substrate 122 andseartier 5140
using a paste printing, compressive molding, transfer moldingéliquid

condenARSuIARY ATolding Factiin Fahintioh? ¥pin°® cbatifg “ordthBr Buitdsiedie
and @pphcatoencapsutantckbthean be polysielcompesitehmatarialsucihas

. epoxy resin with filler, epaxy acrylate with filler, or_polymer with proper
des“i{iﬁ)era}}q n?élﬁscu ant 1§§eist%§n-a%%§ductﬁl/%rar?§ %Iﬂe%ghmrgﬁ?alﬁ/lﬁr%}le% sy
incltioe semicanductoredeviee froat externaliglémentsiadd ocortaminants i in

elemd r'@s3,?0%895%‘%%%0%@953@8&9{‘%@98 tegmpqrary grsagificial hase,

material such as silicon, polymer, polymer composite, metal, ceramic,
circyidss, glastiepddlt betyliumts, such as DSP, ASIC, memory, or

other signal processing circuit. Semiconductor die 160 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A plurality of bumps 166 is formed over
conductive layer 136 or contact pads 162 and reflowed to
electrically connect contact pads 162 to conductive layer 136.
In one embodiment, semiconductor die 160 is implemented as a
flipchip style device.

In FIG. 3j, an encapsulant or molding compound 168 is
deposited over semiconductor die 160 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 168 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 168 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 3k, an electrically conductive bump material
is deposited over conductive layer 136 using an evaporation,

electrolytic plating, electroless plating, ball drop, or screen
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oxide, or other suitable low-cost, rigid material for structural support. The
structure described in FIGs. 3a-3g is inverted and mounted with
encapsulant 156 to carrier 158. The temporary carrier 140 is removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet -15 stripping. In FIG. 3i,
semiconductor die or component 160 are mounted to TSV substrate 138.
Each semiconductor die 160 has contact pads 162 formed on active

pr insuface Abdearientediewardnd oV sufase 138n Astiva surfage 164, aAu, Ag,

ey, Sontalne analpg.or digity) cirauits implemented as active devioes. passive..|
detices! conductive fayers, and diefectric layers formed within the die
flux apdleléctrically iercenaepted, acdordingto the tedectrtalcdesign anwtectic

sn/piuUnglion ofthe die. Forgxample, thecireuit may, jnglude ope QL IMAMG .1 or i a1

_ transistors, diodes, ar_ld other circuit eleme_:nts forme(_j within active
is bepfage 1S40 IMpléhEnt araley eéirtuitssérndigiabeiicuisl suely Bagpnt or

bond G MLICLY, or 1ethek signal pracessing eircit, gmicepductor die;160
may also contain IPD, such as inductors, capacitors, and resistors, for
refleedightl prtestihgt Aplirdify of bufips o6 isSfombt 'dierPedntuctive t o™
sphelayei1360nceontactpads: 162 @and refloweddoaelectrically sonnest.epriact’ o
gagf 162 to conductive layer ],C36. .In one embodiment, s micondugctorcdie
are % O (igl]

owed, a second LIlme rove ele 1gal contac
iS impleménted as aflipchip sjtyrﬂ% galice 1h . %J, an encapsulan

condermotdingaoempound 168hs depgsitedaover semibenductor digs160: usimgded
to c&%%sé%P\Fié‘tiﬂgyec?”l%?Si"EdRB'Qirl976ra&¥!§1£%fe@8h‘ﬂ”%’n'£qué@pe of
encapsulant molding, vacuum lamination, spin coating, or other suitable
interconnect structure that can be formed over conductive layer
136. The interconnect structure can also use stud bumps, micro
bumps, conductive pillars, or other electrical interconnect.

In FIG. 31, the temporary carrier 158 is removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. The structure
is singulated through encapsulant 156 with saw blade or laser
cutting tool 172 into separate wafer level stacked semiconductor
packages 174.

Semiconductor die 144 and 160 are mounted to opposite
sides of wafer level TSV substrate or interposer 138 and
electrically connected with TSV 124. The thickness of
semiconductor package 174 is reduced by stacking semiconductor
die 144 and 160 on both sides of TSV substrate 138. The
coefficient of thermal expansion (CTE) can be matched as TSV
substrate is made of similar material, e.g., silicon, as
semiconductor die 144 and 160.

FIG. 4 shows an embodiment of semiconductor package
178, similar to the structure described in FIGs. 3a-31, with

metal layer 180 mounted to semiconductor die 144, and metal
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applicator. Encapsulant 168 can be polymer composite material, such as
epoxy resin with filler, epoxy acrylate with filler, or polymer with proper
filler. Encapsulant 168 is non-conductive and environmentally protects the
semiconductor device from external elements and contaminants. In FIG.
3k, an electrically conductive bump material is deposited over conductive
layer 136 using an evaporation, electrolytic plating, electroless plating,
ball drop, or screen -16 printing process. The bump material can be Al, In,
layeNijlAu, AguRsBirCusseldesandeombinationsdherent, with asoptinhadnt ,
lux solutio r ex %; , the bump material can be eutectic Sn/Pb,
et R ol T o bt SHdoE The s ratitl 1 botasats e
thermehdactegtayér 386 sing arstitableratiadchménit endohding ptdeess. Ihayers
180 Qh& embodiment, the bump materigl is reflowed by heating the,ragterigl ., 1,4,
above its melting point to form spherical balls or bumps 170. In some
condygppligdtions; DuRips’176 drevefldwedidsédond finle toSmireve efdctical 1o

144 £RAtactto conductive dayer 136. Jhebumps canalse besompression, as
bonded to conductive layer 136. Bumps 170 represent one type of

alumigiafbdthedE strictiife Biattam BETGHMEY bverCondifctive tayer 186. The Ve
be t wddEreanect struetung: candlseuse stidd: bumpsd microi hymps, €eaductive
. illars,.or other electrical interconnect. In FIG. 31, the t orary carrie

a5t R R oa0 1 ChaRee Sichhg TRChaRE BBBHo G Comductox

die hechamical @rinding, thermal bake, laser scanning, or wet stripping. The
structure s singulaied. fixaugh epeapsilagt 156 with.saw blade.on laser o
cutting tool 172 into separate wafer level stacked semiconductor

elechaeragestyg, interference (EMI) and radio frequency

interference (RFI) shielding layers. In this case, shielding
layers 180 and 182 can be Cu, Al, ferrite or carbonyl iron,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
inter-device interference. Shielding layers 180 and 182 can
also be a non-metal material such as carbon-black or aluminum
flake to reduce the effects of EMI and RFI. Shielding layers
180 and 182 are grounded to divert the EMI and RFI signals.

FIG. 5 shows an embodiment of semiconductor package
183, similar to the structure described in FIGs. 3a-31, with a
narrower semiconductor die 144 or wider TSV substrate 138 to
make room for conductive vias 184. A plurality of vias is
formed through encapsulant 156 using laser drilling or etching
process, such as DRIE. The vias are filled with Al, Cu, Sn, Ni,
Au, Ag, titanium (Ti), W, poly-silicon, or other suitable
electrically conductive material using electrolytic plating or
electroless plating to form conductive vias 184.

FIG. 6 shows an embodiment of semiconductor package
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Semiconductor die 144 and 160 are mounted to opposite sides of wafer

level TSV substrate or interposer 138 and electrically connected with TSV

124. The thickness of semiconductor package 174 is reduced by stacking

semiconductor die 144 and 160 on both sides of TSV substrate 138. The

coefficient of thermal expansion (CTE) can be matched as TSV substrate

is made of similar material, e.g., silicon, as semiconductor die 144 and

160. FIG. 4 shows an embodiment of semiconductor package 178, similar
186, teihe stucture drscribed trbies.Bas3tiwh metallayer B30 pounted to a

semiconductor die 144, and m -17 layer 182 mounted to
St e et con gl o e S ap il TR RS
make opecatems:a heap sinkd6 dissipates theytnal :emefgy froth semiconaugtart ive
1ayedi6 344 and 160, Metal jayers 5180 .899318%%3%%&&%@ anather 1 o n«

material with high thermal conductivity to provide heat dissipation for

156 . seRiE@mTducisr diec 184 ari6a AN opfisnalthefmarintsrfabecinbreriadlayer

130 . such as aluminum oxide, zinc oxide, boron nitride, or pulverized silver,
between the heat sink and semiconductor die aids in the distribution and
dissipatforof Heat'y8heratedthy- e8micthaetdr?die 144 ahd 60! Ih°

st acladgthemembodimentr metaldayers 180-and d82-area elegtrosragnetied
interference (EMI) an r%'o frequency interference (RFI) shielding

throy H}ar}so}lfﬁptﬁisfj;ésea}% ie i%g layers 180 and 182 can be Cu, Al, ferrite or
carbonyl iron, Staintess steeknickel sitver, loiv-sanporpsteet; Silicopsirtrage

190, Siagh: ol epoxy.,conductive resin and other metals.apd gomposites
capable of blocking or absorbing EMI, RFI, and other

encapsulant 192 formed over bumps 170. Semiconductor package

190 is suitable for stacking a plurality of similar

semiconductor packages.

FIG. 9 shows an embodiment of semiconductor package
196, similar to the structure described in FIG. 6, with TSV
substrate 198 (similar to TSV substrate 138) mounted to
semiconductor die 144. TSV 200 of TSV substrate 198 are
electrically connected to bumps 188.

FIG. 10 shows a PoP embodiment of semiconductor
package 202 with semiconductor package 186 mounted to
semiconductor package 204. Semiconductor package 204 includes
TSV substrate 206 and semiconductor die 208 made using similar
process steps as described in FIGs. 3a-3g. Bumps 210 are formed
over TSV substrate 206, similar to FIG. 3k. Encapsulant 212 is
deposited over semiconductor die 208 and bumps 210.
Semiconductor package 204 is electrically connected to

semiconductor package 186 through bumps 170.
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inter-device interference. Shielding layers 180 and 182 can also be a
non-metal material such as carbon-black or aluminum flake to reduce the
effects of EMI and RFI. Shielding layers 180 and 182 are grounded to
divert the EMI and RFI signals. FIG. 5 shows an embodiment of
semiconductor package 183, similar to the structure described in FIGs.
3a-31, with a narrower semiconductor die 144 or wider TSV substrate
138 to make room for conductive vias 184. A plurality of vias is formed
through encapsulant 156 using laser drilling or etching process, such as
DRIE. The.vias are filled with Al Gpudoltn’ NiﬁtAu, g,tt}iltanium éTi])l,tW., y
pon-siIicoﬁ, or other gﬁit%?el‘%% rlcawecon%lug ive matérial u65|ng tovention
have etegtrolyticlplating ordelectrdiess plating1to formldentuctive saas 184 1FIG.
appr O3NS an embadiment of semiconductor package, :18 186, siqular to

the structure described Iin FIGs. 3a-31, with'a narrower semiconductor die
embod imesyhgider T Svesistrats 13816" nekiker o for Biamps 188s Bepfpef the
presd88 argfenpedoveL conductive: jayer 13Q. similardeiFG. 3ka pror to

depositing encapsulant 156. Bumps 188 are electrically connected to

conductive layer 130. FIG. 7 shows a package-on-package (PoP) with

two stacked semiconductor packages 186 electrically connected through

bumps 170 and 188. FIG. 8 shows an embodiment of semiconductor

package 190, similar to the structure described in FIG. 6, with

encapsulant 192 formed over bumps 170. Semiconductor package 190 is

suitable for stacking a plurality of similar semiconductor packages.

-20-



FIG. 9 shows an embodiment of semiconductor package 196, similar to
the structure described in FIG. 6, with TSV substrate 198 (similar to TSV
substrate 138) mounted to semiconductor die 144. TSV 200 of TSV
substrate 198 are electrically connected to bumps 188. FIG. 10 shows a
PoP embodiment of semiconductor package 202 with semiconductor
package 186 mounted to semiconductor package 204. Semiconductor
package 204 includes TSV substrate 206 and semiconductor die 208
made using similar process stepcaaiiescribed in FIGs. 3a-3g. Bumps
210 are formed over TSV substrate 206, similar to FIG. 3k. Encapsulant
212 is deposited over semiconductor die 208 and bumps 210.

What Semicdaduetdr package 204 is electrically connected to semiconductor
package 186 through bumps 170. -19 While one or more embodiments of

the present invention have been illustrated in detail, the skilled artisan will
1. appredidecthat miodificiions it aeastataons & Biosed emisstirehts Atay

bemade without gdeparting-fram thescope.ef the present invention as set
forth in the following claims. -20 Claims_What is claimed: 1. A method of

M&KAg 2osemicohbactor patkagde Corhprsing? prbvidit s wafer Rvel
subssubstkate; forming a plurality of vias through the wafer level substrate;

dggositin conductive material in the vias to forrkp first conductive vias,
Oﬁ% 1%9 coPdu$t1v% aterial 1n the vias to form rirst
throughthe wafér level substrate;

conductive vias through the wafer level substrate;

providing a first carrier;

mounting the wafer level substrate with first conductive
vias to the first carrier;

mounting a first semiconductor die to a first surface of
the wafer level substrate;

depositing a first encapsulant over the first semiconductor
die and first carrier;

removing the first carrier;

providing a second carrier;

mounting the first semiconductor die and wafer level
substrate with the first encapsulant to the second carrier;

mounting a second semiconductor die to a second surface of
the wafer level substrate opposite the first surface of the
wafer level substrate;

depositing a second encapsulant over the second
semiconductor die; and

removing the second carrier.
2. The method of claim 1, further including forming a

plurality of bumps over the second surface of the wafer level

substrate.
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providing a first carrier; mounting the wafer level substrate with first
conductive vias to the first carrier; mounting a first semiconductor die to a
first surface of the wafer level substrate; depositing a first encapsulant
over the first semiconductor die and first carrier; removing the first carrier;
providing a second carrier; mounting the first semiconductor die and wafer
level substrate with the first encapsulant to the second carrier; mounting
a second semiconductor die to a second surface of the wafer level
substrate opposite the first surface of the wafer level substrate; depositing
econd capsulant over the sec d semiconductor die; and removmg

3 thzlsecon cffgl?l}rlej%rj nj‘f‘ﬁe rééthoa %c?alm i1 %Ut & thdlTaiRg 10nitg a

condplurality ofdyempsover thesseconekswdaceohtiecovater devel substrate.
-21 3. The method of claim 1, further including mounting a conductive
layer over the first semiconductor die. 4. The method of claim 1, further

4. iddadingTeAfingfa Plardlity of Seedrtbeoridictive vigs findligh he first

plur£neapsyant dhe secend gonductive,vias heing glactricallyr conpected to
the first conductive vias. 5. The method of claim 1, further including

encapsiing & p%l|t'§F6P61?m6§%%Fﬁfevﬁrs‘t’i:8ﬁd3€tf\}égvﬁ%%%JF tgatly

connected to the first conductive vias.

5. The method of claim 1, further including forming a
plurality of bumps over the first conductive vias prior to

depositing the first encapsulant.

6. The method of claim 1, further including stacking a
plurality of semiconductor packages each containing the first
and second semiconductor die mounted to the first and second

surfaces of the wafer level substrate.

7. The method of claim 1, further including stacking a
plurality of semiconductor packages each containing the first
semiconductor die mounted to the first surface of the wafer

level substrate.

8. A method of making a semiconductor package, comprising:
providing a substrate;
forming a first conductive via through the substrate;
mounting the substrate with first conductive via to a first
carrier;
mounting a first semiconductor die to a first surface of

the substrate;
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depositing the first encapsulant. 6. The method of claim 1, further
including stacking a plurality of semiconductor packages each containing
the first and second semiconductor die mounted to the first and second
surfaces of the wafer level substrate. 7. The method of claim 1, further
including stacking a plurality of semiconductor packages each containing
the first semiconductor die mounted to the first surface of the wafer level
substrate. 8. A method of making a semiconductor package, comprising:
previdingta sybstrater farming afirst eonrductive Wadhroughithe substatejctor
die érlnh?jur%tilr}qst@ecsaubrstréa]ge: with first conductive via to a first carrier; mounting
a first sémiconductor die to a first surface of the substrate; -22 depositing
arffirsbencagpsulantiover the dirstisemiconductor die and first carrier;

remoyving the first carrier, moynting e first sgmiconducigrdie.and. iy tne
~ substrate with the first encapsulant to a second carrier; mounting a
firskegpraBeMieodUorPdiea6d Se€ditr $Gifdce of the substrate opposite

the first surfage 0f the substrate; dgprasiting;a secgnd encapsulantpygre of
the second semiconductor die; and removing the second carrier. 9. The

the Hi&RbETTRIGRPS Sifthe cldding forfing2cBuftp bver S/

sydaee Of theysubstsatend encapsulant over the second
semiconductor die; and

removing the second carrier.

9. The method of claim 8, further including forming a bump

over the second surface of the substrate.

10. The method of claim 8, further including mounting a

conductive layer over the first semiconductor die.

11. The method of claim 8, further including forming a second
conductive via through the first encapsulant, the second
conductive via being electrically connected to the first

conductive via.

12. The method of claim 8, further including forming a bump
over the first conductive via prior to depositing the first

encapsulant.

13. The method of claim 8, further including stacking a
plurality of semiconductor packages each containing the first
and second semiconductor die mounted to the first and second

surfaces of the substrate.
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10. The method of claim 8, further including mounting a conductive layer
over the first semiconductor die. 11. The method of claim 8, further
including forming a second conductive via through the first encapsulant,
the second conductive via being electrically connected to the first
conductive via. 12. The method of claim 8, further including forming a
bump over the first conductive via prior to depositing the first
encapsulant. 13. The method of claim 8, further including stacking a

14. plurabtyrefsenticoadueior packages each contairing dhe firstoapd secand
semicorgjductor die rgts)gnted to the first an ?%C%nd sry(gl;aggzs of the

stibStrater 293 145 AGnetiiod of r%\éﬁfh% & semiconductor pac \élege‘,fla through
the sohwrisiigs; providing a substrate having a first conductive via through

the sHbstrate, maunting a first semicenductor.dig fo.a first spriace pf the ¢
substrate; depositing a first encapsulant over the first semiconductor die;
the swdritirt& second semiconductor die to a second surface of the

substrate-qpRositerthe firstsurface otthe %lﬁé%raé%iea% AepoSHiNGg-@ nductor
~second encapsulant over the second semiconductor die. 15. The method
di€; of claim 14, further including forming a bump over the second surface of

the substratea 16 thadnethodof claiot 34, furthet includisgsnauntingace of
the SQRGHEUVE layer over the first gemiconducior dieos the substrate; and
depositing a second encapsulant over the second

semiconductor die.

15. The method of claim 14, further including forming a bump

over the second surface of the substrate.

16. The method of claim 14, further including mounting a

conductive layer over the first semiconductor die.

17. The method of claim 14, further including forming a second
conductive via through the first encapsulant, the second
conductive via being electrically connected to the first

conductive via.

18. The method of claim 14, further including forming a bump
over the first conductive via prior to depositing the first

encapsulant.

19. The method of claim 14, further including stacking a
plurality of semiconductor packages each containing the first
and second semiconductor die mounted to the first and second

surfaces of the substrate.
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17. The method of claim 14, further including forming a second
conductive via through the first encapsulant, the second conductive via
being electrically connected to the first conductive via. 18. The method of
claim 14, further including forming a bump over the first conductive via
prior to depositing the first encapsulant. 19. The method of claim 14,
further including stacking a plurality of semiconductor packages each
containing the first and second semiconductor die mounted to the first
and second surfaces of the substrate. -24 20. The method of claim 14,

fL{rther mglkl}J Ong%taclflngma ZJura%luy semlcon uctor ackag seach
20. i &le ﬁef

con?alnlng e first Semiconductor mounte r§t surface of the
plursubsiratef 2EmA semicoriductorpackage, ee@mpnsmgzea;sub&ratédnaﬁmgst

semi &II§HEQRGuUGtive via throughithe t%‘éb%art% £ rstsemicgpdycior dig, s o r e |

mounted to a first surface of the substrate; a first encapsulant deposited
over the first semiconductor die; a second semiconductor die mounted to

21. apsesond.syrface of. the subsrate opposite the first surface of the

substrate; and a second encapsulant deposited over the second
SENTIESIGAS AR 327 Fhé sehiicondCtoraevics of thaifm2 D fintheRe
substicluding a bump formed over the second surface of the substrate 23.
Thesemicopductor device of claim 23, lurther \NCUdiNg A surface of the
substrate;
a first encapsulant deposited over the first semiconductor
die;
a second semiconductor die mounted to a second surface of
the substrate opposite the first surface of the substrate; and

a second encapsulant deposited over the second

semiconductor die.

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

bump formed over the second surface of the substrate

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

conductive layer mounted over the first semiconductor die.

24. The semiconductor device of claim 21, further including a
second conductive via formed through the first encapsulant, the
second conductive via being electrically connected to the first

conductive via.
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conductive layer mounted over the first semiconductor die. 24. The
semiconductor device of claim 21, further including a second conductive
via formed through the first encapsulant, the second conductive via being
electrically connected to the first conductive via. -25 25. The
semiconductor device of claim 21, further including a plurality of stacked
semiconductor packages each containing the first and second
semiconductor die mounted to the first and second surfaces of the

25. sobstrat@ni2Gnductor device of claim 21, further including a

plurality of stacked semiconductor packages each containing the
first and second semiconductor die mounted to the first and

second surfaces of the substrate.
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