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 electroniclgroducts.

SemicondutFOHeERAREER irf ffhGTnEN R dGERSR, We%BWEFWQNB CHB Rfficonductor
devices generally contain oneT%&BP&%EEEaFE&ﬁBoREm,T%.,%Wﬁ ﬁ'ﬁg 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 S%ﬁ£§1§£t8?‘§é\ﬁ8gseﬁ%h%% microcontrollers, microprocessors,
charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDSs).

Semiconductor device%gerform a Wide,range of functioTs such as hi h-sge?d calculations, transmitting
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and receiving electromagnetic signals, controlling electronic devices; transforming sunlight to electricity,

and creatirgn Visuabprojections fartetevision disptay sp Semicariductgr, devices arerfound du theofields of
aﬂeﬂamgg%%age 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
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



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

application of an electric field or base current or through the process of doping. Doping Introduces
impuritie$ S 1S SeMfcondatdr mateRaltertiafiptiaté aid contrdF thecorfduE it ofthe semiconductor

device. milit#ArSermisonductor davice Lontaing active.anchpassive elecdrical structures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & e GBI base current, the transistor either promotes or
restricts the flow of elegkicateursenit Bassive strustuses, linaludingaesistars raapacitors, and inductors,
create a relationship be%/vﬁeen voltaégge O{amd current necessary to perform a varietéof electrical functions.

The passive’Bid atfive Sttudtifes St dIsshitall coinettéd to form Gretits Swiich nabie the™
semicondugtdrcdevice: tooperfarme hightspeetbealculatord and other usefildunrdtionsty to be

Semiconductor devices are generally manufactured using two complex manufacturi rocesses, i.e.,
front-end RAAGLE g, Bhd BACk TR SR LTACHLrinG, SHch NVONIG potehially hundrds of steps.

Front-end marrsfiactaring mvahgs thedopmaticrsof @ plutakityof die drthensuriadceobiasemiconductor
wafer. Eacnp dig i%tlyé)icaillél((i%enthcal gn% lcgg%aénscgircruig% Jgrmed Py eéectrical%/ rlontneectip% active and

. Impur i S £ S er1al’/to, nan ..
passive corr?ponents. Back-end manufacturing Involves singulating |nd|V|8ue]ﬂ e <)flrom tahe finished wafer

andpackagn@mmé(ﬁgagconductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



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

componentS Batk-eiid Broceseds mayHesilt #1'SeRitohtt et dedite pickages With a smaller footprint
by improvements in elegtdcajdaterconnestion and packagingiuatedalsring i s Manyssenigesductor
packages use stacked semiconductor die for vertical integration. The stacked semiconductor die are
electrical}fConnettet Wit Bord wirds, DoHge or coﬁﬂﬁtgi]v%]?/i%f’ojrﬁ’%ﬂ th¥8UigiftheYencapsulant. The
vertical irderconnect keiwepswsenmicorductor: dipconsumes:spaceandinareasss ithe pyeral height of the
gfacturing costs\%Summary of th Inventi?? ed

package, as well as imposing higher ma / , A ne
exists to Sfack s%ﬁ‘ﬁ&& futtordie with %%lﬁ%fgﬁacesf%‘?’ fifcal BIRCHREAT Ht&onfsdt: A28ordingly, in

one embadimen, thegiresentfinventiohnis a methad afsmakindraasarmicbnduetes packagendomprising the
steps of providing a wafer level substrate, forming a plurality of vias thrqugh.the wafer level substrate,
oSt ST e e o S48 16 I BT oG SO B LS Hadol Shbatrate,
providingta first carrteremoupting ¢y waterlével rsubstratéiwitv fitst comduidtive, vias tthe first carrier,

mounting a first semlc%nld\yectcgndcle to a first surface of th%\slv.afe%lggﬁl_seubgtra%ed de 0siting a first

S1ty ac’ asslye componen K .
encapsulant overythecflrst semlcon(?uctor (\:fle ancfnﬁbrst carrier, removing the first carrier, provﬁﬁlng a second
carrier, motsitihg the fisstrsemicohductor die ahdavafer levet substrdte aviththe fiest ércaipsulant to the

second carrier, moupling asecopd semiconductor; die Lo a second syiface of the walar gvel substrate

opposite the first surface of the wafer level substrate, depositing a second encapsulant over the second
semicondifcterdieland removing the second carrier.

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 wvias 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



In another embodiment, the present invention is a method of making a semiconductor package
comprising the steps of 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

encapsulantfo-a SEEGHPEAMEF Fobnting & stcdrd Semictndricfordie t8'8 sBRERd stif4ee of the

substrateseppasitethe fisstsuisface of the subsiratendepositingha secend encagsulant over the second
semiconductqr die, and remaqving the second catrrier. In another embaodiment, the present

invention3§ A HEIHOY G Hhaking a*Sémicohdlictor packdye CSHBHdiAG the Stepsot prodiding™ substrate
having a first-conduetive da dhrotighdhe substraten moumndingacfirst semicondueton die-tooa fiest surface of
the substrat(? sulant over the first semiconductor die, mounting a second

., d iti first .
semicondtictor” (%%%SSI ;q%e%%l Sdsseff??cfg 8D the' SUBstrAte oppbsite T ifdT Buithde 6Pthe Substrate, and

depositingeacsecbncbencapsylant over the secondsemicendustoddiet or dielrtanatheeembodiment, the

present invergion is gfsqcr;%icogqg%ctor gack es%%rg@risi@% a substra%eeh?ﬂgg P.firstcconduyive via

through the subStrate. ATirst Sémiconductor die is mounted 16 a first Surface of the substrate- A first

encapsulant istdeposited overthe firsbsémicondudtop diel. Al secandssemiconductepdielismmounted to a

second s \rffgge qutehessé%b%@t% oppasite the first _%urfacea%f O{h% substrate. é}s@econd ené:apsulant IS

) duct P .
deposited over the secon semlcon(fuocr%oru&e.oﬁneflsescrlptloneclg?otﬁelIﬂﬁawmgssecon FIG. 1
illustratesca PGB with different types of packages mounted to its surface; FIGs. 2a-2c illustrate

further detail of the represeqative.semicopaygtor packages pounted tothe PGB;, 15 4

method of making a semiconductor package comprising the steps of
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



FIGs. 3a-31 illustrate a process of forming a ISV substrate and mounting semiconductor die to opposite
sides of the ISV substrate; FIG. 4 illustrates metal layers mounted over the semiconductor die;
FIG. 5 illustrates conductive vias formed in the encapsulant over the ISV substrate; FIG. 6
illustrates bumps formed in the encapsulant over the ISV substrate; FIG. 7 illustrates stacked
semiconductor packages each with semiconductor die mounted to opposite sides of ISV substrate;

FIG. 8 il R8s tHEBdmpE SncapSuldted-for stacking the semiconductor packages; FIG. 9 illustrates a
second ISV substrate mguAtesiteer embodiment, the present invention is a

semiconductor package comprising a substrate having a first
conductive via through the substrate. A first semiconductor die
is mounted to a first surface of the substrate. A first
encapsulant is deposited over the first semiconductor die. A
second semiconductor die is mounted to a second surface of the
substrate opposite the first surface of the substrate. A second

encapsulant is deposited over the second semiconductor die.
Brief Description of the Drawings

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

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

FIGs. 3a-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



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 TSV substrate. 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

achievind-tHe iRGEHtFGTS BEjeClveR fRiHl hedppretiated By thtisekilfetRinthe Arthat R is intended to

cover alteypativas,danedifications, and efuivatentsas nay be drelydeghwithin the spirit and scope of the
invention as defined béthe appended claims and their equivalents as supported by the following

disclosure and drawinds.©* 10 SelMitondlictsr SEACES are*gan& AN Hanufadddtidsing two complex

manufactsiog processesinfrepiand pmanuaeiuriag and back-etremanufastising: Frent-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 elecrégza thevpobDestsr spth as tafistsier staraivwdingss, have the ability to control
the flow of electrical current. Passive electrical components, such as capacitors, inductors, resistors, and
transformers, create a{,%lgtionship bgtvg%%ne\églta?qrg and 8urrent.nec%issary to epeorform electrical circuit

[ S

. resen 1 13, déscribe in more .
functions. Passive a%d ac?lve components are formea over the sur?ace OF the semiconductor

wafer by argerigésnof precess steps neludimg dopihgs depesitiom, phiotdlithedraphy cetchimgt aad
planarization. Doping.intro yces [ nu itigs into tfl1 semiconductor. materi \lrl y techni ues such as ion
implantat?olngé)lrr t ge'rmépdi%luéi%n. Tﬁe%op}ln%%gr%cesg %go%el |eesnt%1eterﬁ§ctr£i§a gco(t%]fjugtll(\%l/ﬂltly Sf semiconductor
material inlagtive tdeviceshtransformingnthersehsiconductesmatdrial into apanswatof, chwddetor or
dynamically changing,the semicanductor, material conductiyity ip [gsnonse;to.an glegtic field or base
current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable thePaIfsiStoE RFprandte ot Testriet thelow: of 8lecirichl Etreéntitfpornstherdpplieatiort ef the electric

ﬁekjOrb%%%EQWQQ%ernatives, 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



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

componehts 1uding \ePhjgrs &FPRS patteredising photstitiaraphy, SWifieh itfion@the deposition

of light sensitivermatariabr.9., phetorgsish oven thelayenioke paterneg: A pattern is transferred from a
photomask to the photoresist usingirli?g{n. The portion of the photoresist pattern subjected to light is

removed YT 8 LoIVeht exposing sortios SFRRUEETSingialePd BE PattEFEa  TRE téMaitider of the
photoresish isriemoveds feavinghbehind @ patterned jayescAkkermatively esorna dypescefdnatesials are
patterned by directly depositing the, material into the areas ar voids formed t(xy a previous deposition/etch
brocess GG T ANRS SiehEay R IEE S RGBT A SBIRGE L e SebEsitng a thin im of
material averrarexistingypatternsecan exagiecaterthaamndetlying ipattera and cseatetaonen-uniformly flat

surface. A un(ijfornel flat surfgce is r.eqéjirfd to.produce srrcrgller and. mor dercrserIrloa,gked aftive and
. conauc ry~Qr X%amlc C &%?ln e ?emﬁ%on %% or a GF%F
passive components.’Planarization can be use remove material from the surface of the wafer and

produce auniforliflat suliface.cRlanaszation iavoleés polishing tlkd sudacdéettheanatee with a polishing
pad. An ahrasive material an corrosiye lcggrsn_l%a% are gdggd tQ the surf%ct;f %f theGVéaneggurlng polishing.

ransl1stors on es a re.
The comblnea mechanical action of thegabrasrve and corrosive %r}étlon of the cﬁﬁ%mlcal removes any

irregular cbp@gm@p_rw;r@slgwg aea maﬁemlyﬁ@t_ggrfg@@blé theBdcksernd mfazctummﬂm to
cutting orsingulating the finished wafernio the. individual die and then packagi ??idé%&fo%fucwfa'

support and environmental isolation. To singulate the die, the wafer is scored and broken along
non-functidndlregiohs of theewhier lcdlled saasstreats beBEribes. The wafer is singulated using a laser

cutting tool or saw blade. After singulation, the individual die are moupted tosa package substrate that

includes pins or contact pads for interconnection with other system components. Contact pads formed
over the Bérmdohailietor tie aftlthenconhetictiabicortdct paeRwithis the paékage? The elécical

connectigns gan-hemade with solder bumips; sfickbumps, enductive Paste. oL wirebonds An
encapsulant or other molding material is deposited over the package to provide physical support and

electricali8a1atio, THEfiIMEREd PAcKERJEs tRén fitsErteddRterat BRCtrical Systeiifdid the fuhttionality of
the semiganducterdeyiceiisimade available to the-ather systepreomperentsion (cvp),

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



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

Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more SlEBIBAFLABHGHS ARFRARRR, SRICdNTCAEIAE 8D MY BE SulscoRpdriett oF atadfger
system. kareexarapleelectsonie deyice 50 may be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The semiconductor package can include
microprocessors, memoTiR8 Sappiitation SpELifi€ MiBgfated R irEitS (AT Flogit Grthifts, " &alog circuits,
RF circuits elissretedavicesa 9 other semieondutiardie of efectieal coaponentsste a ndmFIG. 1, PCB
52 provides a_general sybstrate for structural support and electrical interconnect of the semjconductor
packageS HoUMBY &n thE PCECAlTUCtve siihal HA50S 54 a16 foThied ier & satSEe b Withh layers o
PCB 52 usingl evapaiation celeetralytio pkatingnelettroless ipdating; sereengprintings ot other suitable metal
deposition Jrocess. tSégnalEgrflgrels r5.4 %rgvigg fog1 glegtricaé g%mgéunri%aég)neb%[\évggg .eglch ftkn;le
semiconduclor pacrkagés, mounted” czomﬁonen §,and other external sstem compolnents.rloraces 54 also
provide power aundfgroend Cohhectiansdo eact githe semiconductorpackagés.t surfdnesome
embodimonts, asermicongudtor devige has fuo,packaging leyels. Firstevel packaging is a tgehinique for
mechanica I?/ andlelectrically attaching the semiconductor die to an intermediate carrier. Second level
packagingddveleés maechdnicaly: ant edectricallyadttaching thedntepmediate eanlernta tad PEB: In other
embodiments, 2 semicpnductot device may anly have the first jeyel packaging where the die is
mechanically and electrically mounted directly to the PCB. For the purpose of illustration, several
types of firstlevekpackagimy) Hecilding Wirsberid phckagers6 and fiynehip B8 age showA tohoPCB 52.
Additionally, seyeraltypes of second levelp; @H&gm'ﬁd'egggéjﬂég@ra&@%}@g yrgp £hip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,
quad flat Wonfleadéd paékdgesWERY?0, and quad flat package 72, are shown mounted on PCB 52.
Depending upon the system reguirgments, any.compination-of semicopductor packages, configured with
any combination of first and second level packaging styles, as well as other electronic components, can

be connetistPtblPEBSL. 1R o dmBBdinterits LeléBironit e vice 50 e hitfes B SingRFat d
semicongycterRackagenwhile otherembodiments calkfassautiple {atescannested packages. By

combining one or more semiconductor packages over a single substrate, manufacturers can incorporate

pre-made E6mpbhahts it el&dfranic YeViceSaritiSystéms, Water 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.



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 tabieas Sdsifduchve faydry 4ift didleedic-Ryefs fofrhBd within
the die and are electigally tateecannegtethaccording 4 the plectical design=f the gie. &or example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsToHhad Withir? the®s&iveYegibn 6F semicoAdictoF Gie ™4 € sltadt pads’?e af&one or more
layers of copductiveimatesial, ssich@salyninure (Ad) copper (Bu)s dni{Sohducked (NP agaldAy), or silver
(AQg), and are el ctricglley connected to the circuit elements fo"ﬁmed within semiconductor o{iﬁs 74. During
assembly’5f BIE BAPsEmichRaGctor dit™74 i Molinted tora hist iiediste i fier' 78 G8ing K gold-silicon
eutectic laper drcadhiesive material sAck asriheryal €poxy of @poxy nesintbire package-kody kcludes an
insulative %%%kr?gilr}g éeriall sggrr] aslprol mer or %erfw% 8% uctor leads 80 and wire bonds 82 provide

electrical intefconnect bétween Semicondudtor die 74 an J2(.Dlﬁhcapsulant 84 is deposited over the

package for environmentalqirotection dypreeentingnawisterecand: padickesdrom entering thiegiackage and

contaminagg% d{%74 or Wirceob%dcst%zr. tg cka FeIgBtZQ Illlésrtgiaot%%f%rrtlher detail of BCC 62 mounted on

Sem Q nmor . .
PCB 52. emlcon(?uctor die 8?3 IS mounted over carrier 90 using an un%lerfﬁl or epoxy-resin adhesive
material 2.eWirebondsOBiprovidesfirst keVekbpacking tercoanectthatweendentact pads®6yand 98.

Molding ¢gampoung.ar.cncapsulant 00 is 9@88%"%%8‘6%%??”@89‘3"é‘s‘JQFnSif‘e% and wire bands 94 to

provide physical support and electrical isolation for the device. Contact pads 102 are formed over a
surface ot PGB 62 Usintpa sbitaldlehetah deposiaand process sukh btatedtisivticplating @F electroless

plating topreuentaxidation, Contactpads 102-are electrically connegted to,one o 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 59omputer. 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



In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flip chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the circuit may Include one or more transistors,

diodes, Inductors, capacitors, resistors, and other circuit elements within active region 108.
Semicon@tictor Hie 5 ST @B EtricaMy ARd mectanitatly toiRected 6 2drist 1J€}BVtﬁﬁYL?g€h bumps 110.
BGA 60 iselectricalyiand meghanisaly-cernecjed ta RSB 53 withca BiA styteiseganddgyelipackaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 throudtbimps 140 sighdl M T1£ UM BURPS 1122 A B COHPEInd 67 efiagiilant 116 is
deposited over sermiconductor die-58 and capierkOs togpromisecphyisicadi suppert and electrical isolation

for the device. The flip chip semiconductor deyice provides a short electrical conduction path from the
active de@%@%aorhlscearﬁﬁi]cénaﬂfg? Fe%gtloc@;}(&’uc‘ﬁ%ﬁrﬁta%ﬂs hrﬁéﬁ%é ihnordefto reduce signal

propagation distance, lower capagitanoes and fmpidvesaverall citgcuit pedermance ¢ another

embodiment, the semiconductor die 58 can he mechanically and electrically connected directly to PCB 52
i fip o Sy LRl e A AHg SOt Smbie e bt 0 SO Eats. SA%H Tivstate, in
relation teF1@s.5B and 2a-2¢, @vproces® OBfarthing adkB\ substidte ansemeunting: semicontuctor die to

opposite sides of the TSV substrate. In FIG. 3 semiconductor.wafer 120 c ins a base substrate
material £22 suc %lg\él%:o ,a é%ra afnnlgr’n, gl;gfﬁg%]gall% nl%%q,(%‘n 5n%\gph%gﬁﬁ?ﬁe?§%iiic§r?b’ c;%fg]g for
structuraksuppora A plurality &t vigs21 23lissformad throtighstbstrate (D22 Using Lakendrilling dr deep

reactive igp eIching (BRIB g1 10 EIG,,Shanelectigally cppducfive naterial is denosiigddnto vias
123 using electrolytic plating or electroless plating to form conductive through silicon vias (TSV) 124.
Conductive 8% 424N be’ 8ne andhoredayers af APaCHSis, Ni2 AuaAg, 6hother Baitable€lestrically

conductive-gaerial. popendPfe Gy 36, an insulating.or passivationdayer 126,is fouped Qver syrface 128
of substrate 122 and TSV 124 using PVD, CVD, printing, spin coating, spray coating, sintering or thermal

oxidationo The SAEIRTE Y EF 126 ehA FRoneormbid /e oL SiliesY diexite(Si02)08ilieén nitride
(Si3N4), silican oxynitride(SIQN) Jastalumpentoxide {T3205), aliminumoxide (AIR03), or other material

having similar insulating and structural properties. A portion of insulating Ia%/er 126 is removed by an
eEhMg[ﬁé&ﬁ%ﬁ@%&@Ogémﬁﬂpfﬁﬁﬁ' 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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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’iSolatéd G8eritifig BhiAe BESyh ahd-fuinticR BRfife"S§émroRauctbrdebice Lo An
insulating-oepassivationdayei;h32is formed pver TSYr124.ang surface d 34 of substratey122, opposite
surface 128 of substrate 122, using PVD, CVD, printing, spin coating, spray coating, sintering or thermal
oxidation® & isul&tily RYel?32 chh H&Sord6r ord ty/drs of $165  SRN, STORFE Th285°A1203, or
other matesial baving simtar insulating andstrictlirahproperties: Acporiion iof nsulatingdayerc132 is
removed bé/ an etchifng process tp expose TSV%ﬁF4. An electricgl%y conductive layer 136 is

r e

formed ovérsirface 134 8&5@&?&% iﬁﬂﬁ?he ‘m0\§;eocf1 ﬁgrﬁgng%?ﬁwsu atl%ﬁelai?&el ug}(ﬁﬁ%
patterning andrmaetat depasition precesststich s, P¥DcEVD; sputtetingreleatrolytic platiag, and

electroless plating..Co (%u tive layer 136 be one or more layers af Al, Cu, Sn, Ni, Au, Ag, or other
suitable eqsg(%[ ibaﬁyl{:lor? Uctive rrlﬁé‘t%ﬁal. @dbcﬁ\?effgyg& Téés is¥ éle%tlrli(?%ﬁ)? cégﬁ%étea %j I§%§ 124. Other
portions efleariductiee layer d36«andie electrivally comumiadn erl eleetrically sotatédwepending on the
desian and {nction ol e SEcouCIop QEVIGE: oo\ SUBBIBIEOLGETIEL 140 coRtAIRS emporary or

o - S C h
sacrificial base material such as silicon, polymet, polymer composite, metal, ceramic, glass, g‘Tass epoxy,

berylliumdsxéde), Q)rmhelosuit_la@@b Ibw-@@stiﬂgigmatéii@t&)r@@mcﬂﬂal sippostl Theavafet tevel TSV
substrate,qn Inferposey, 138 is mounted tg carrigr 140, as shownin FIG, 3¢ and 34, ., INFIG. 3e, a

gap 141 is cut through substrate 122 of semiconductor wafer 120 with saw blade or laser cutting tool 142
down to carfisly 140. Sawbladec$42 does hot sevierasravésken carAént4s, ian, carAer 240 vétains its

support %gg@r&%@g@%é@%fg@@i@n&ﬁegp@ﬁﬁ“&?trgtp 2% amic. 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 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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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, 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 circuftelEhents formearWittin Aefive Suffade 248 t& iMfpleRert ahafoy dfitits or digital

circuits, sushiascdigitalsignal pracesser (D8R)ASIC, Anemory, &f ptheytsigral preeessing;eircuit.
Semiconductor die 144 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal

processifg X P&y of BampEL 5032 F6fned gvé)lfccf‘r?dﬁjcﬁ%“ﬁéﬁ? B30 contadt PALR 1248 and
reflowed $e elestyically €ognecticantact pags ldftocondustve layee 130 clndene embpdiment,
semiconductor,die 144 is im Iementgd as a flipchip style device. . In FIG. 3%, an nc?rg%;lant or
molding ESHipoUrid %gjrscﬁgposﬁt%% oVer Js%?nig duictor (8149 §di5StHdte 1227 8R4 Bahiér 140 using a
paste priating; compressive moldingctransfet mbddinhgnliguid eneapsidant molding armcliem lamination,
spin coat!:nlgf or 91£]h% a{SUit?Qlcel?PCP”C%tr?r' Enc%sruéar)%rlaSr?S%anC%% golymeor ompolsriltg r(r:?terial, such as
epoxy resin with filler, é]poxy acryl%te w?thcfﬁler, or polymer With proﬁer(%ﬁler.egdcapsuién 158 s
non-conductive andenyiroamentallysprotects thiehsemicondudtor déeioe fitosn exteral elements and
contaminants. ]n F#G. 3h, a a%l%sttga]}e Qr ecqgg';erilsSS Cloenct%in§ te Poraarlx Qr sacrificial base

. re?%on +O8 emicon F rica . .
material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide,

or other m@b@bwédgt, rgidmatesial fop s@rﬂcm_alrsubﬁ)@rt.tHhebsmﬁuchuem_séﬁi@ed_in FIGs. 3a-3g is
inverted and mounted wjth encapsulant 156 to.carrier 1p8. Jhe temporary garrier 140,is remgved by

chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping PCB 52 i, i, Kemicsndictercdierst chaijsohant 186 @ra enounited td 18P subdtrate 138.

Each semicqnductar,die,16Q;has ggntagt pads 162 formed on active surface 164 griepted toward ISV

surface 138. Active surface 164 contains analog or digital circuits implemented as active devices, passive

devices, EoRdictivelayets, arld dielétific fayebS roriEy Withia the die afd eleetrically ftefcbhnected

accordin%iwt%%(lﬁgtr@bdesign apddunctianafihe die. Forexammlethe circyi may include one or
more transistors, diodes, and other circuit elements formed within active surface 164 to implement analog

circuits of BiMALEIFCLISY Stictt 88 ISP IASIES élhBry? or dtkr&idial Prodessing cifaiiity S&fniconductor

die 160 maay, alseLoNtAIR HBP: sHehy as inductarsaapacitoss, e resistersefa &k signal progessing. A
plurality of bumps 166 is formed over conductive layer 136 or contact pads 162 and reflowed to

electrically'conrielt Borfalt S0 162 88 cOffauctive Payer 13585 If of8 @htbStimeht sefliconductor die 160
is implemesvied as adlipghipstyie slevicee 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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In FIG. 3}, 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

contaminahts 211ty 9d Fiéask, i elbdtricaiy eondhare Bump RiheAdiSs téposited'dver conductive
layer 1361using anevaporafion: electiplytislating: elegtralessplating,deatlzdrop, 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 “F&r'&xample, tHe B Matefial darf 88 SuEctit sAPbEhighlead solder, or
lead-freecsotderi Tha bunypmaterial i bondadtp eanductive Jayer 136atsing astitable attachment or
bonding process. In one embodiment, the bump me}ftgrial,is reflowed by hea in%the material above its
melting point 1o f&t eéﬁhé’?caa"r bafs 6PbaMpE 170" E;&h%eapfgﬁﬁﬁff&%’g, %hﬁ‘nlpsoﬁd arereflowed a
second tinesto) Improve eteetrical contact fveonductivedayer 136e The burmps taryalse hef campression
bonded t8 conglrjlcti .Iayir 136. Bum@s %Zg er%pr;sesegl:[aL pne tyé)lee%ftlntecrg%nect s}lrgctéjtre tk(leat can be
formed over conductivé Iay%’r 138’ The Ifterconnect stfucture can also use %’tua%urﬁlps, micro bumps,
conductiveapiiarsa br other electrical Interconnect. In FIG. 3i, the temporary carrier 158 is

removed by chemical %gh'ﬁ% r.negganié:gl Q%esl-(}ff CMP, mechggical %]réqdoing, thermall%ei éaser

) ) G at
scanning, or wet stripping. The structure is smg% ateé%?roa]éh%ncg[l)gu ant 156 With saw blade or laser

cytting tobp 172 ¢hto separate wafer Ibi?/_él Si_écteedagmmdﬂ;étbr@adké@éé 174, using $8ticonductor
die 144 and160 are moynted-to.gpposite sides of wafer level TRy subsfiate ot Interposar 138 and

electrically connected with TSV 124. The thickness of semiconductor package 174 is reduced by stacking
semiconducteledieda4 arfd €60 oAbt sitlesIof RSV sdbsteae 138. The coeffietartt of dv&rhsal expansion

(CIE) can,be matehegd as T3 Substate 45 madeqf similan material, @93,9ilicon,as semyiconductor die
144and 160. @ FIG. 4 shows an embodiment of semiconductor package 178, similar to the
structure AESBrBEd FEFI Gt @)L 31, BeitH metdl IRyeYLrBol AR unietl o SemizdHadciBRdiR*I4E and metal

(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
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layer 182 mounted to semiconductor die 160. In one embodiment, metal layers 180 and 182 operate as a
heat sink to dissipate thermal energy from semiconductor die 144 and 160. Metal layers 180 and 182 can
be Al, Cu, or another material with high thermal conductivity to provide heat dissipation for semiconductor
die 144 and 160. An optional thermal Interface material, such as aluminum oxide, zinc oxide, boron
nitride, or pulverized silver, between the heat sink and semiconductor die aids in the distribution and

dissipatidrPGfHest gehsrdted by BertichRFidardie*deani®i60. The InpfhthéPenmbdaiment, metal

layers 1803and-182 Bee elestremagnetic Intederense (EMI) and radio freguengy intederence (RFI)
shielding Ia%:zqrs. In this case, shielding layers 180 and 182 can be Cu, Al, ferrite or carbonyl iron, stainless
I

steel, nickelSiver, 1w Larson SEeF stiftbnaron Stéef 18, Ehoxy "Edhdtichivé rédifi, and other metals and
composites capable=af hieckirg o absorbmgbt,iRBEI, @ndiotberiater-device, kterferenge. Shielding
layers 180 and 182 can also be a nhon-metal material such as carbon-? ck or aluminum flake to reduce

the effects St EM an%’ REL Shig H§I§y5?scf§5 ahd 1%?§p§r%egrgﬁh]dé o divert the EMI and RFI signals.
FIG. 5 shows an embatimenteftsehiednguctonhpackagecl 83; gimildarie the stroctucel deseribed in FIGs.
3a-31, with a #l]arromi;r Eeggco%%uggor ie 4242or.W|de (;I'SV subset@te 1§§ lIo make_room for conductive

vias 184.A f) argllety vias is formed ﬁwgug enéélpstu antrleé%oﬂfsmg Taser d?iﬂﬁ\goor etching process,

such as DR THieivigs bag filted dathud 1 G, SnpNi, #ar rAg) ditamidmr(d), AW, pelyesilicoimor other suitable

electrically conductive aterialE;J\gLi)ng 8%trolé/tic tp{atingnor elecitrol Ss El ting to {or{n conductié{e vias 184.
FIG. 6 shows an em %(g}llmgr?t of semiconductor pacﬁéigegmg, Sr%%llggtoya%le stfucture déscribed in FIGs.
3a-31, with aqtarrobver sepdietnductor dierididcdriwielet IB¥Esubirate 138¢0 amakeoroon® for bumps 188.

Bumps 188 are formed,quer Gpndugtive layer, 130 ,8jmilar. to,E|G., 3k, pript 9 depgsiting encapsplant 156.
Bumps 188 are electrically connected to conductive layer 130.

conductive material. Conductive layer 136 is 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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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.

FIG. 9 shows an embodiment of semiconductor package 196, similar to the structure described in FIG. 6,

with ISV BaBsirate 198Y(sififar t6 TEVASgstratd 188 ioLREd fo- Serfiftohdtictor Ui 44 CF8F 200 of

TSV substiate 198-are eleetrigally eannected-tol hymps d88c onnect eBIG.cLO shaws atoR egbodiment
of semiconductor,packag;;,oz with semiconductor package 186 mounted to semjconductor package 204.

Semicon8uéioF patkage s64 HLIFIES 1BV Siostrate 208 5nd Semicoh@tctSF G828 madg using similar
process steps astdessfibed 1 bzs. a3 Bumps 240ate fermed pveri BA¥ spbstiatec2@6; :similar to
FIG. 3k. Encapsulant 212 is deposited Qver, semiconductor die 208 andf ps 210. Semiconductor
package 20 blecHEIG RonnEerel 10 SeAEORHULTor PACKagE THE thiduigh GBS 170570 while
one or mareaémdpodinrents tof the present inveatierhave pesnditustrated i detail sthgrskilled artisan will

appreciate that modificatj zan ptations to those embodiments may be made. without departing from
e SoopE ST BB Ehe L RLHtOr At Col RN the Tolmiay coaa . protEstity
circuit. Semiconductor die 144 may also contain IPD, such as

inductors, capacitors, and resistors, for RF signal processing.
A plurality of bumps 150 is formed over conductive layer 130 or
contact pads 146 and reflowed to electrically connect contact
pads 146 to conductive layer 130. In one embodiment,
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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Claims What is claimed: 1. A method of making a semiconductor package, comprising: 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;

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 surface 164 oriented toward
TSV surface 138. Active surface 164 contains 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 164 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
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, ligquid encapsulant
molding, wvacuum 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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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 ,
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 136 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 170. In some applications, bumps 170
are reflowed a second time to improve electrical contact to
conductive layer 136. The bumps can also be compression bonded
to conductive layer 136. Bumps 170 represent one type of
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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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. 3. The method of claim 1, further including mounting a conductive layer over the first

semiconductor die. , , ,
layer 182 mounted to semiconductor die 160. In one embodiment,

metal layers 180 and 182 operate as a heat sink to dissipate
thermal energy from semiconductor die 144 and 160. Metal layers
180 and 182 can be Al, Cu, or another material with high thermal
conductivity to provide heat dissipation for semiconductor die
144 and 160. An optional thermal interface material, such as
aluminum oxide, zinc oxide, boron nitride, or pulverized silver,
between the heat sink and semiconductor die aids in the
distribution and dissipation of heat generated by semiconductor
die 144 and 160.

In another embodiment, metal layers 180 and 182 are
electromagnetic 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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4. The method of claim 1, further including forming a plurality of second conductive vias through the first
encapsulant, the second conductive vias being electrically 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 stffaces oftheAfafe? IVet sabstiatt 2 7e THedhéthodof Chaif £ FurtRér inthudiig-Stakking a
plurality of serdigerducior packages €ach coniaining:the fisst:semjconduater-diedanoused do the first

surface of the wafer level substrate. 8. A method of making a semiconductor package, comprising:
providingd@ §GbtPat; T formiHERTirsEEonduttive Vial thioudit e Substratd Thoailg the 'slbstrate with
first condugtive viao a firsheéarier;co  Faountdg, a fiest semicontustaridie to aditst=gisfaceraf the
SUbSUaEES6. 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.

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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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.

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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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 ﬁl]:ﬁﬁb‘ﬁﬁ; stacking a plurality of semiconductor packages
each containing the first and second semiconductor die mounted to the first and second surfaces of the

substrate. , ,
What is claimed:

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

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 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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3. The method of claim 1, further including mounting a

conductive layer over the first semiconductor die.

4. The method of claim 1, further including forming a
plurality of second conductive vias through the first
encapsulant, the second conductive vias being electrically

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 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.

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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