SEMICONDUCTOR DEVICE AND METHOD OF BONDING DIFFERENT SIZE SEMICONDUCTOR DIE
AT THE WAFER LEVEL Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of bonding different
size semiconductor die at the wafer level. 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. iht emn#(rﬁ%%l)ode LED), small signal transistor reS|stor ca aC|tor inductor, and

power metal o Fret P NG nﬁw Rﬁg&‘ gﬁﬁ{%nﬁﬁ%ﬁ)r devices
typically contain hundreds to Hitfion 0 TR &l T8 XF‘ﬁﬁtegrated semiconductor

devices include microcontrollers, microprocessors, charged- coupled dewces (CODs), solar cells, and
digital micro-mirror devices (DMDs).

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of bonding different size semiconductor die at

the wafer level.

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



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

aviation, SBTYMORES intiistrigt Softrafiérs, BRQ ofite dilipmaft —sPeed semicBhalcter devices exploit
the electrical prapearties 9f semicenducior maternials: Fbe atemicisirucivie-of semiserductar material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or
through tfié Procédd st dopinty: Boping Htroducas idpiHties it tHe’sémicohbu o Hratéfidl to
manipulate-and cegtrolitheconsuetidtyrafdhe seaticerdustardesiceli splay A semiconductor device
contains active and passive electrical structures. Active structures, including bipolar and field effect
transistors” RontrSIHHE oty Sreidcficardutrent By vaRing fev I]SegTdfop?r% gﬁg Sppfidatita S an electric
field or basencurenta thieottansistow eithewpromates of restrctsithe floncafreleetrieal cutrent. Passive
structure%,oiggluggnf re]?iséorgtcstapac%'tg%s, aonrtlzl in(c:ILFJctgrs ecreatesa gerl%tioa%gip t%%twnegn.\éoltage and
current necess%ry o] Beﬁorum a variety of glecf]rlﬁl:a ﬁjncﬁoﬁfsl.cl%e passive and active structures are
electricallyidonrecte chtocfoimadircaits, which &nable, thewsemiconductor deviee ta pérform high-speed

Camubﬂ%%%%¥%gq§£g?G%%BHg%gQ%@ 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 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



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 semiconductor die is typically identical and contains circuits formed by electrically connecting
active and passive components. Back-end manufacturing involves singulating individual semiconductor
die from B RiSHE WaTdH HHE FatkagingSthelRtfie to preVide sirdctirdl shppoHahdenVirsAmErtal
isolation.tihe tesmmsemiconsictordie’-as used berein sefers tokothdhe singubar and plural form of the
words, and accordingly, can refer to both a single semiconductor device and multiple semiconductor
devices. 5SS COBREGSHI of d&fHicondu ot MaAUfEERARG TS To Produts sAllT Sémiconductor devices.
Smaller devigesitypicaly eorsiime less pawer, have highes perfpraasee ranchgar, be produced more
efficiently. In additipn, smaller semiconductor devices have a smaller footprint, which is desirable for
smaller end BIoaGCEIATRTAIET sehticititictor i€ YPRCEH BE achigde B?/rif%provements in the
front-endnprocess-tesulting inrsemicenductordie avithgmaker] highes density activiuanc passive
componep}%mBat%éer%di%rios esses, gnpé/rresylléin se(::r]rgkia{:ogguct;é)}r1 ge(\:{ife pcaé:kag(ejs W'tg a smaller footprint
by improvements in electrical in erconnecfion and pacﬁaglﬁg materials. P .1 shows a
conventicriat semicendustgrjrackage d Cawith semicondaictor he 4 2 ounted e stbstrate 14 with bumps
16. A plurality of conductive vias 18 is_formed through semicanductor die . 12. Semiconductor die 20 is
mounted to %\(é]rln?ggncgﬁcc%oorrdie 12 Wi?hsbﬁr%%s e.i%lélnc%%%aﬁsnt 2 i%%g%ogsl?eed g&e%gslgln%]éonductor die
12 and 26 =hdsubstrate ©4mA piurality of busips 26\ formed dveg dwsurfage of stibstrate kbopposite
semiconductr die 12,208 20, 4, o SEeORdUGIar die 12 can.be & logic, deyice and semiconductor
die 20 can be alarge storage memory device. Consequently, Semiconductor die 20 is typically larger than
semicondifctaicdie 12. The different size semiconductor die make wafer level bonding difficult. Bonding
semiconductor die 20 {9 jadiyidual semicandugtos die 12 adds.manufactiyiga cost and £an cause cracking

defects from handling. Summary of the Invention
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 semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
die with smaller, higher density active and passive components.
Back—-end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical
interconnection and packaging materials.

FIG. 1 shows a conventional semiconductor package 10
with semiconductor die 12 mounted to substrate 14 with bumps 16.

A plurality of conductive vias 18 is formed through

semiconductor die 12. Semiconductor die 20 is mounted to
semiconductor die 12 with bumps 22. An encapsulant 24 is
deposited over semiconductor die 12 and 20 and substrate 14. A

plurality of bumps 26 is formed over a surface of substrate 14

opposite semiconductor die 12 and 20.



A need exists to bond different size semiconductor die at the wafer level. Accordingly, in one
embodiment, the present invention is a method of making a semiconductor device comprising the steps of
providing a semiconductor wafer having first and second opposing surfaces, forming a plurality of
conductive vias partially through the first surface of the semiconductor wafer, singulating the
semiconductor wafer into a plurality of first semiconductor die, providing a carrier, mounting the first

semiconductor die to tRERATREMBEARTNG ASetdnd F._nfiorftiuttstdie €6 e first-88miconductor die,
depositingea encapsstant oveethedfirshantseeond semicondustos die-ane gaier; kmoving the carrier
and a portion of the second surface to expose the conductive vias, and forming an interconnect structure

over a sUrfACE SR first seRfiEorIRIBI i€ bpPosite the' Sedofid'SeMic8nddci8Fdiet @™ In another
embodimest, the preserd inverdionds a mathodiaf feaking asserpiceaduciondeviee coaxisingktiae steps of

providing a plurality of first semiconductor die, forming a plurality of conductive vias through the first
ComiconiTAG? dibe o AL E ARG the TRt Lbh ARG, HTS e CAFir tmbtining 2
second semidoenidiictar dietd tenfinst semichnauttor alie} santhadepasiting-am @neapsulantoves the first and

second semiconductor, die ang C rri%ré Affggﬁpr?ég&he second semiconductor die is larger than a

footprint of theTirst- saecr%i%:gﬁdu?to(reaie. ¥ another embodiment, the present invention is a method

of making a semiconductor device comprising the steps of providing a plurality of first semiconductor die,

forming a plurality of conductive vias élﬁr%gg%h%grqgﬁgn}'%% _&rndie, providing a carrier, mounting the
first semiconductor die to the carrier, depositing a first encapsulant over the first semiconductor die and

carrier, removing the carrier, mounting a second semiconductor die to the first semiconductor die, and

depositing a second encapsulant oygr the seapnd semigendugior die, . 5o ILARRIPELEMPodIment, the

present invention is a semiconductor device comprising a first semiconductor die having a plurality of
conductivitvias formaddthroggle the firse semitordltor die. N secortPsemizohduttor diTrissrotnted to

the first semjcondugtor;die A footprint afithe second semicanductor die is Jarger than a footprint of the

first semiconductor die. An encapsulant is deposited over the first and second semiconductor die. An
interconrieeBFaGtuRTisTorMEd enér thie EPIEMicdRdactorRic-OpPositethe seEBAd BeMiéshductor die.

B”efDeS§ﬂPanQBHE%@@HHag%pposing surfaces, forming a plurality of
conductive vias partially through the first surface of the
semiconductor wafer, singulating the semiconductor wafer into a
plurality of first semiconductor die, providing a carrier,
mounting the first semiconductor die to the carrier, mounting a
second semiconductor die to the first semiconductor die,
depositing an encapsulant over the first and second
semiconductor die and carrier, removing the carrier and a
portion of the second surface to expose the conductive wvias, and
forming an interconnect structure over a surface of the first
semiconductor die opposite the second semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a plurality of first semiconductor die, forming a
plurality of conductive vias through the first semiconductor
die, providing a carrier, mounting the first semiconductor die

to the carrier, mounting a second semiconductor die to the first



FIG. 1 illustrates a conventional Fo-WLCSP with different size semiconductor die; FIG. 2
illustrates a printed circuit board (PCB) with different types of packages mounted to its surface;

FIGs. 3a-3c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 4a-4c illustrate a semiconductor wafer with a plurality of semiconductor die separated by a saw
street; FIGs. 5a-5p illustrate a process of bonding different size semiconductor die at the wafer

level;  SeMIERRBMESTradsy FAWLESPART ditferént $2¢ SBmitidtictf e bBRddd totfether
according iRiFKes AatbRemiconductor die and carrier. A footprint of the

second semiconductor die is larger than a footprint of the first
semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a plurality of first semiconductor die, forming a
plurality of conductive vias through the first semiconductor
die, providing a carrier, mounting the first semiconductor die
to the carrier, depositing a first encapsulant over the first
semiconductor die and carrier, removing the carrier, mounting a
second semiconductor die to the first semiconductor die, and
depositing a second encapsulant over the second semiconductor
die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die having
a plurality of conductive vias formed through the first
semiconductor die. A second semiconductor die is mounted to the
first semiconductor die. A footprint of the second
semiconductor die is larger than a footprint of the first
semiconductor die. An encapsulant is deposited over the first
and second semiconductor die. An interconnect structure is
formed over the first semiconductor die opposite the second

semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates a conventional Fo-WLCSP with
different size semiconductor die;
FIG. 2 illustrates a printed circuit board (PCB) with

different types of packages mounted to its surface;



FIGs. 7a-7q illustrate another process of bonding different size semiconductor die at the wafer level,

FIG. 8 illustrates a Fo-WLCSP with different size semiconductor die bonded together according to FIGs.
7a-7q; FIG. 9 illustrates three stacked semiconductor die mounted to the TSV semiconductor die;
and FIG. 10 illustrates a conductive via formed through the encapsulant around the TSV
semiconductor die. Detailed Descrci]ﬁtion of the Drawing; The present invention is described in

one or more embodiménts §n therfoflewing-dedcriptin With-feférefige g thePfigres, in which like numerals

represent-thersaiae o4 simitar lementss Yhilerthednyention isslesedbed i termsrafthe best mode for
achieving the invention's objectives, it will be appreciated by those skilled in the art that it is intended to

cover alternatives, modifiGations>and euiVaTdts 58 ay BEHALEEE WRhin'hEEpirfitand Scope of the
inventiongas defined,/by thesappensieghaiaios and theipequivalenis;assupportedreyethe following
msmosum}anddﬁwwn%%Gs. 5a-5p illustrate a process of bonding different
size semiconductor die at the wafer level;

FIG. 6 illustrates a Fo-WLCSP with different size
semiconductor die bonded together according to FIGs. 5a-5pj;

FIGs. 7a-7g illustrate another process of bonding
different size semiconductor die at the wafer level;

FIG. 8 illustrates a Fo-WLCSP with different size
semiconductor die bonded together according to FIGs. 7a-7qg;

FIG. 9 illustrates three stacked semiconductor die
mounted to the TSV semiconductor die; and

FIG. 10 illustrates a conductive via formed through

the encapsulant around the TSV semiconductor die.

Detailed Description of the Drawings

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

Semiconductor devices are generally manufactured using

two complex manufacturing processes: front-end manufacturing and



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@irrent IWaddve b Retitat EdmpoRé R tsid a8 eapadtors hinadctors’ Yédistors Mnd

transformessacreatena selationship hetween voltage and euwentacessaryrtoperform electrical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by 3CeHES B process"REFS mellitfifng ddpig® Bepdsitidia [HotGRAGGraphy 2&chify, and
planarizatien sRopinglisreduceslimpsirities #ito she semicondusterraateriab by technigiiesssuch as ion
implantation gr thermal diffusion. The doping process modifies the electrical .conductivity of semiconductor
material i%oacgi%%e@ijcré%,tfrgﬁgf%)rr%ﬁwegct B SeMicSndudior materst intd aninsdiator Céonductor, or
dynamicallyrghangingsthesserhicasdictanprateriat coaddctivityde sesponse totan eledtrictfield or base
current. 'I;:rgg%i% rs }g_:ﬁntaﬂ 5%9i%rtts 8E\éacr1¥€i£ pes and degree%gfsqsoping a ragggd as._necessary to

t
enable thetransisto oepromote or restrict ecl%w ot éleCirical currentlﬁfpeonet e appﬁ(égt}on of the electric

field or basenpumentt s, suclctige and passive compohents are formeddyolayersaofdnaterials with

different elegirical properties. 1helavers can.s formedl by.a variety of deposition gchniduigs determined
in part by the type of material being deposited. For example, thin film deposition can involve chemical

vapor depesition §CVDY}ppsica vaper éeposition. (RMDY; wigctiolytictplatirsg, and electroless plating
processes. Each layer is genesally patterned to fggﬁfpgﬁt'éqptssofaaﬁcéivg somnenents, passive components,
The | '

or electrical connections between components. e layers can be patterned using
photolithegraphy.awhith tilneolvestthecdeposition ofdight sensitive fratealoé. gorshusteresistesver the layer

to be pattgined; A pattaryis fansterged from.a phgmaﬁkit@ﬁ!@%g toresist usingdight, g one

embodiment, the portion of theé photoresist pattern subjected to light is removed using a solvent, exposing
portions &ftheainderyinglayertebe fattérheadicafothéembbdmient e pdtfion of the photoresist

pattern ngtsykiectedde light,the pegative pheloresishuissemaveddising,a solyent, Bxposing partions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a

patterned R§er ditetnatvely, Yome BpesBimatdrialcis patiersed b direefy e5esitiig the material

into the areasiQeYaids formed byaiRrevieus depositiopietch pracessusing teshnigues such as electroless

and electrolytic plating. . . . .
transforming the semiconductor material into an insulator,

conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition technigques determined in
part by the type of material being deposited. For example, thin
film deposition can involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and

electroless plating processes. FEach layer is generally



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization involves polishing the surface of

the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of
the wafePadrfritf poihiry. THecarbihea e Harficdt Béfior oFHE SbrasverdritPidifosive action of the

chemicaldemeyes any irregulan topography, Fesidting ina sindetmlydlat suiaesdack-end manufacturing
refers to cutting or singulating the finished wafer into the individual die and then packaging the die for
structural support andgéﬁ\%rdgﬁﬁgﬁtal [S0Matidh. 78 Shigutatd tHe Semiediduttordigdhaihafer is scored
and broken atongi nerv-functionakregignssafthe wader qallgetsaye skeetswar sesbes.iEne wafer .is
singulated using a laser cutting too] or ﬁcaw blade. A%ter singglation the individual semiconductor die are

mounted8 2 Fackags subSifate that Incfides pifls 8F cBAtact 558”? for iteFéonnectiont With other system
components rCantactypadsformedgvet theasemiconduetopdiet aresthentconaeatgditd gontact pads within

the packaglee. Th&%lgg%igalacon&egtions can beorPag% é/vi_rtghh(;soqclder bum@s, st%g bumps, con((jztéceti e paste,

or wirebonds. An encapsﬂ)laht or oth%??ntoji&ﬁg material ep%léﬁés’& overthe Ed:cr&aaleﬂ?g %row e physical

support and elegtnicaliisolationvEhe finished paskage isctheadpsertedyinte ah ebectricel system and the

functionali%/ of t?e semi%onduct r device is,made a ailaqe to th %ther system components. FIG.
2 IIIustrat%so}e?(l:{ctryolnrlléjI devite 50 oa\E/floneg T r?peéz?r?%r' subé}[réatgoc?tr perljﬁt(a'e(g{l %I?Cgl}ﬁ e(?aerél ( 1&GB) 52 with a
plurality efsemiiconductthpackagesmeurtedontitssurfacet Etedtronid device 50icanthaviéene type of

semicondyctor. nackage, ormulltiple types of spmiconduictor packages. depending,gn the application. The
different typés of semiconductor packages are shown in FIG. 2 for purposes of illustration.
portions of the underlying layer to be patterned. The remainder

of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a
previous deposition/etch process using techniques such as
electroless and electrolytic plating.

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

Back—-end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then



Electronic device 50 can be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 can be a subcomponent of a larger system.
For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be
a graphics card, network Interface card, or other signal processing card that can be inserted into a

computeP IR SEHohdGetor fadkdge CainticR mitroptotEs<Suts, mtdriRemappifcation specific
integrated gicuits ASIC)Tlogic cirguits- analpg ciehits; Rk Gireuts, discreterdeviceses or other
semiconductor dje or electrical components. Miniaturization_and weight reduction are essential for these
products 16 BEHEcRPR By tHe maAnK¥t OTRE BistaHte Détihen <emicditd ittor d&vidés fust be decreased
to achievediigher densityrreets buFl&:2i RGR 52revides argeneralisubpsirate-torstructural support
and electrical interconnect of the semiconductor packages mounted on the, PCB. Conductive signal traces
54 are form&d ovela stiffacs B within r%%rs% EF@&B 5% Ssgiﬁﬁ e@éﬁg}'}:\][f%ﬁlgfé’ctrg ytic plating, electroless
plating, streenvprinting, oeathessditablermedtat depesitiom preeessoSignah traces 54 wravide fer electrical
communitcgg%n bemﬁi%] each of the semicgr‘%((j:%ctOf31 gasck?ggs%glggpted comgonents . %[%d other external

in eSS S, Or CO connecrtion w .
system components. Traces 54 alsd provide powér and ground connections to each Sfthe semiconductor

packages:ther syintsemecembodimérts, a Semicariductaldeicenkas twepackaging levels. First level

packaging s & teghnigys for mechanically.gnd electrically aftaching the semicanductor die fg,an
intermediate carrier. Second level packaging involves mechanica ly and elgctrlcaﬁqy attacnhing the
intermediate kagier to theePEB: ¢t other endbbudiments; mssemicohduotardevice mayodnlgthave the first

e pLrDass B usiaton: Sayeral oes f el leval packaging, WAy bond wie package 56 and
flipchip 58narrshoviriion RCR B2eAdditibAalg severd typesicf stepndidwsl packagihgsincluding ball
grid array,(BGA) 80, bump chipicarier (BEE) 62, dualip-ling package (PIR)64,dand .t ; on .

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.

FIG. 2 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 can 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. 2 for purposes of illustration.

Electronic device 50 can be a stand-alone system that

uses the semiconductor packages to perform one or more

electrical functions. Alternatively, electronic device 50 can

be a subcomponent of a larger system. For example, electronic

device 50 can be part of a cellular phone, personal digital

assistant (PDA), digital video camera (DVC), or other electronic

communication device. Alternatively, electronic device 50 can

be a graphics card, network interface card, or other signal



grid array (LGA) 66, multi-chip module (MOM) 68, quad flat nonleaded package (QFN) 70, and quad flat
package 72, are shown mounted on PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of first and second level packaging styles,
as well as other electronic components, can be connected to PCB 52. In some embodiments, electronic
device 50 includes a single attached semiconductor package, while other embodiments call for multiple

interconRERSPFECKEGeS2BY coiifdmifgontor s s&Hichhbbcr patkatesrover FSingle substrate,

manufactiserscandneerperaieqrednade compenegats into-elegtronie sevices anshsysterys. Because the
semiconductar packages include sophisticated functionality, electronic devices can be manufactured

using ché&Per Coftporent®5afd histredMirEthaAufatiUFhg Prodéss. The relBiting devicest e less

likely to faihanddessiexpensy/e wrmanufacture yesuling #ra lewericast foraonsumers. FIGs.
3a-3c show exen&gﬁg semi%%nductor ackages. FIG. 3a illustrates further. detail of DIP 64 mounted on

PCB 52. Semicoi “die 745in@iud8s 3R Ective te§idHONtAIfing analdy oF HigitaP&irclitsIplemented
as activewdeviges, passive tlevicesccargctive ayefs ranchdigtectriclayerssformed avithire thec die¢ and are

electrically Intgiconnedted accqiging.fp (he electical desian.of he die, For example. the clieult can
include one or more transistors, diodes, inductors, capacitors, résistors, and othéer circuit elements formed
within thebactiecregioredf semigohdester dieghkrCortactigads 76 are one or more layers of conductive

material, such as alum'pur’% 1), opp lé(%tb;, tin (Sn) nickelr%NiPl, olq (Au), or silver (@ } and are
electrically connected tonthe%rbugblenéents 0 rﬁég(y §vd|lt in Se Fco%%ﬁcto?lé)?esyi Sringgassembly of DIP
64, semiconductorrdie Aigamotntedtoareinterimediate casnercz8asing @fgdldssilicon eutectic layer or

adhesive Jpateial such as thermal epoxy, of,£paxy resin.Lhepackage hody Ipelydes f%‘lnigiu'ative

packaging material such as polymer or ceramic. Conductor leads 80 and bond wires 82 provide electrical
Interconriect betveeh sermiconducdr diceT4 andRCR &62. Encapsddlant 84 issdepasited ©@Web the package

for envirqnmentalprotection by preventing. majsture %ﬂ%{?%iﬂe%ﬁ%@%%%%t%@%“i‘?ﬂ?? and
contaminating semiconductor die 74 or bond wires 82.
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
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including bond wire package 56 and
flipchip 58, are shown on PCB 52. Additionally, several types
of second level packaging, including ball grid array (BGA) 60,
bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land

-10-



FIG. 3b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Bond wires 94 provide first level
packaging Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 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
depositioﬂﬁfr@cé‘ﬁﬁ}’ch(%élbcgéryti@‘ﬁétﬁw@cwe&?&%? plEfig to Prevett %‘?{id%?i%ﬁ Edhfact pads
102 are electrieallypeennegted torone onmose gopductivelsignaldracesd4/n, PGBS2s Bumps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52, In FIG. Sc,
semicondUior-Gig %sg?}gurﬁéd falE HEWH 18 tBRRBdiate car¥ish 106 Wit a fIpRRATb-Styleitét level
packagingoAbtive: teigion 468 of semicanductar die 58ceat5ins analoguwardigital ircuits, Implemented as
active devices, passjve devices, conductive layers, and di(ilectric layers formed according to_the electrical
design of tRE die For Bkamplé e cirel c%\%%/ﬁglﬁd Ohe oG fansstory disdes’ indiictdrs,
capacitorssresistets, and othemdircuitetemeatstwithinactive region d08e $emicamuducior.die B8 is
electricallyo?nr(led mn?kg:ggnilgal%connqézte %o caréier 106éhr0§@h.burri%s %%O. sin lI%GA 60 is electrically
and mechanlcal?y connected tof PC with a Bgi\vs]ftylee secolnlaﬁevé]] pacﬁagi'hg%smg bumps 112.
Semiconduticter Uied58 isrelectnidaltyt conmectécd: teeconduictive sigrat trames S4nr RCB &2 throtugh bumps
110, signal lines 114, .and bumps 112. A malding compound or encapsulant 116 is deposited over
semiconclinl}lcﬂtg):rl(l?ie%Slélrr]]C ggr?le?igéetg pl?g\%gqﬁ)ﬁys/éica gup%%rptg alrﬁlg1 electrical %%Iaﬁi%ﬁgfor the device.
The flipchiprsepticohnductor deviée providessa short ehertrical Contuetion patfrdm thie aetive devices on
semicondugtor;die 58 t0.candugtion racks an RCR B2.in ofder foJeduce sigal prapagation distance,
lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 capvise-gieghaniealipafe eldrtriceiy conndetedadiravtigto PCB 52akkteflipchip style first level
packaging without intermediate carfigr, 106.. o1 EIG-4a shoys,a semicandygtor wafer 120 with a
base substrate material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon
carbide, for SHheraITRp ot AdDIGRHRPEIseHREBAAGEIBE dR\6E confpdifetits 1224s formed on wafer 120
Sepafate%?b{d@tgéﬂlﬁ:m@éeéﬁf%@é saw streets 126 asidescribed above -sawsireets 126 provide cutting
areas to singulate semiconductor wafer 120 into individual semiconductor die 124. FIG. 4b shows
a cross-segtignalVew of 8 foriGH 8 §8micontiacior Waler £20- EathtseiicoRddctd PR 1 24PR4s a back
surface 128andactive-swface 130 containing analog or digital circuits implemented as active devices,
passive devices, conductive Iaéers and dielectric layers formed within the die and electrically

interconnected accordings the eletfricH dBsRFEIRI-RINE G B (PR ESF eXgfipRI AR circuit may

FIG. 3a 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
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit can
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within

semiconductor die 74. During assembly of DIP 64, semiconductor
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include one or more transistors, diodes, and other circuit elements formed within active surface 130 to
implement analog circuits or digital circuits, such as digital signal processor (DSP), ASIC, memory, or
other signal processing circuit. Semiconductor die 124 may also contain integrated passive devices
(IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one embodiment,
semiconductor die 124 is a fIipchig type semiconductor die. An electrically conductive layer 132 is

formed o¥éractiVelsurfeeriEtrusiAg PV D, ETBT8REERbRE PlatifyL elettiofdsiDIatitg process, or other

suitable etal depositier pracessa Conduetiveilayen 132 gan beiene erimere layersefAl Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. Conductive layer 132 operates as contact pads

electricalfPEEheRledTBTRE CirRbits on aCtive RAFREE 136°E8ntdet pHdS 132 tan b didpodéd
side-by-side-a digstrdistance fronl theedgesef semiganductior dierkad, as showitindtléx: 4be Adternatively,
contact pggs 13 ijan t()je offset in uItigIe rows SLéC\:AI;l that a first row of contact i%s {s disposed a first
distance fronfthe &0gE of the die, “shd A R8&81Td Fow of Eoffact ﬁgé‘seﬁﬁé)rrﬁ%ﬁﬁé) fhtheTirst row is
disposedseseacandidistancedtam e edde Ethebdie. EncaphbuEEat4cs $emicatguetararafer 120 is
singulated through saw sgeet 12é3 using a.saw blad%e qr laser CUt%n%%%% 134 into i&?ividual
semiconductor die 124799 FiGs g—%ﬁ?ﬁiﬁ?fé éj, m%l%ﬁgr? o FiGs "2 Bhd 3a- cl,régprocess of
bonding différent sizeaseimicanductoe diefatthe avefer level. B16. ba shews aasemiconductor wafer or
substrate. 149 con(aining 3 base materal. syeh g silpn, germanium, galiup arsenide, indium .
phosphide, or silicon car ?de, or structural support. A plurality ot semiconducior die or components 142 is
formed on wafer 140 sEpé&rated by Intestieawafer aved be sawsstreets 43 BSs@eseribediabeve. Saw

streets 143 ppovide sutting greas o, singulate; semiconductor water, 140, into indiyidual semiconductor die
142. Each semiconductor die 142 has a back surface 145 and active surface 144 containing
analog ordigital circuits daplednted agluctive tevicesaphssive devieés reonduliive LEyerd, and

dielectric jayers farmed within.the die and slectrically interconneated according to the electrical design

and function of the die. For example, the circuit may include one or more transistors, diodes, and other
circuit elefR@fF6rmed withfn astile strfadécla einfplementanalvg eireaits sr-aigitaléftuits, such as

DSP, ASIc.dgemory; o-Qthersignalpragessing gireuis Semigonductor dieldzmay alsg-gontain IPDs,
such as inductors, capacitors, and resistors, for RF signal processing.

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.

In FIG. 3¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip 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 can include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active

region 108. Semiconductor die 58 is electrically and
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In FIG. 5D, a plurality of blind vias 146 is formed partially through substrate 140 using mechanical drilling,
laser drilling, or deep reactive ion etching (DRIE). Vias 146 extend from active surface 144 partially but

not completely through substrate 140. In one embodiment, vias 146 are cut through 60% of the thickness
of substrate 140. The remaining portion of substrate 140 between vias 146 and back surface 145 provide
structural support for the substrate during subsequent manufacturing processes. In FIG. Sc, vias

146 are MBANGH AR Ew SHNISAG A HitaRftht {5 tuhySter @Y PolyREMEsh, 'or bther suitable
electrically conductive prateral usingelegtrolytie platings glestrolessplating, prosess.carthessuitable
metal degpsition process to form z-direction conductive through silicon vias (TSV) 148. In FIG.
5d, an el&&thically Eoriductive Myet 1505s Foimmetover etivB SuFade 1446 b shaiEPfad ding PVD,
CVD, elestalytic plaiinge elegtroless platingl process,zarigtheosuitabte metal depositioniprecess.
Conductive layer 150 can be gne or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive ™ ?e{rieﬁ.régﬁ&uc |%ej18y£rcla§04 petrlglfeosuz?(@h cg)rlffﬁ%ts p%&sél rgﬁ(%? nifi r|lr$estalﬁgﬂon (UBM)
layer for elegtricahimterconnecta Coendddtive layepdnt alsorineludes sedistributian layers (RDL) and
z-direction conductive vias for routing electrical signals horizontally and vertically. One portipn of
ot B R 150 1S b el COAEAEATo CoRdCE e The et Parthe e enictive layer
150 can lpé ekectrically goptmon @onelectrcally iselatedsdelpending ¢ the: desigranddunctigreof
semlconc%ﬂ;tor %Ie 124 and 142, df«n Lnsulatln%qr asswaggg I%SerllSZS]? i]‘%%nied over active

surface 1 l(?fcsujbgtrzflteemflf(ﬁj 3% %?glfn 8c\)7r1l§uectf§3/5 ayerel%oausmg b , printing, spin coating,

spray coatmylsirtermy petherfmadoxidator.CTherinsdratingdayerrl 52egurtaing whecor more layers of
siicon dide (5i92). slicon,niride (Si3N4), siiean pxynirge (SON). fanialum;penioxide (1a205),

aluminum oxide (Al203), or other material having similar insulating and structural properties. A portion of
insulatingPlager ¥82 i rermdvddiby an etching presessithriughra photorasisiEge ot shdwn) to expose

conductive; layer 150, Alternatively, insulating layer 152,6an he,formedprior to condugtiye ayer 150.

In FIG. 5e, an electrically conductive bump material is deposited over the exposed portion of conductive
layer 150°U$ing @nevapbratio? efistireftit platity, electioldssplating Balcdroplofseéreen printing
process. dheduing materialfamhe, Al SN, NiyA, A9 Rb, Bi-&h sglder-and,gombinatiops

intermediate carrier 106.

FIG. 4a shows a semiconductor wafer 120 with a base
substrate material 122, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 124 is
formed on wafer 120 separated by inter-die wafer area or saw
streets 126 as described above. Saw streets 126 provide cutting
areas to singulate semiconductor wafer 120 into individual
semiconductor die 124.

FIG. 4b shows a cross—-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical

design and function of the die. For example, the circuit may
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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 150 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 balls or bumps 154. In some applications, bumps 154 are
reflowed a second time to Improve electrical contact to conductive layer 150. Bumps 154 can also be

compres<iBf bonded s cordiGive 157er ¢ Biffips $52565mresehtond Bipe GFiRtetddnnect structure
that can be éeraradsovesceadugtivelayer 50 vEhesintetcoanestosteucturecanalse usestudbump, micro
bump, or other electrical Interconnect. . In FIG. 5f, TSV substrate 140 is_singulated through saw
street 145 With"ddw bde oriaser e fiting todt 158 T InGividia? T8V sémiEdAdustoP GRSE4%. In one
embodimentESV semigongkistardie d42£omiaing adegit Gircditessing loikl&a by, a temporary
substrate or carrier 162 contains sacrificial base material such as silicon, polymer, beryllium oxide, or
other SUICABTE IGARE55 i Thatel Aol SruEtirAl SUBboTE An IESTACA Tgerbot do bTe-sided tape 164 is
formed overdarder 162 as )g, tespaoransadhesive: barding ditna of etehs stopridyere I SML semiconductor die

142 are pfoositi dsover ?d rPgLéntgg .t(r)1 Interff\ce (Ij%erelnaﬁf a@{&dm%%r{ier 1g2 ugin K 'c(l3<ranog. %Iace
operation With umplsgif ofiented av&aff'rom the carrier. TSV semicondictor die 142 mounted to carrier
162 constiite asregonfiguret wafer 68 ,sasnshovmaic ElG. Shie . In FIG. Si, semiconductor die 124
from FIGs. 4a-4c are nzl%unﬁd ) TSVasielmicggdH%tQE di\;—:‘ 14112a uging a3aicl§ éan]g é)rla%%ogc\e]rea%ion with active
surface 130 oriented toward the TSV semiconductor die. BUMpS 521 are reflowed to electrically connect
conductiveclayee 150 0f £ sérficorduatorklie 1420 coadectivedayerit32 dbsemiconductor die 124 with

alow temperature fess than 220C, FIG, Si.shows.semiconductor die, 124 metaliurgically and electrically

connected to ISV semiconductor die 142 at the reconstituted wafer level. Semiconductor die 124 can be a
memory B&ViEe With a fargel siirage capacity whde SV semicorriuetorntie @42 contan ¢dgié ircuits that

interact with the, memory devices, Semicopductor die 124, by.nature of the large.storage, capacity memory

devices, has a larger footprint than ISV semiconductor die 142 containing logic circuits. In one
embodinfent Sehfitond t@8Ldie 22ehdS E $6otpARt GHORMYEIOM® if thémeky &gpikations, while ISV

semiconducter die J421has-a foptpralof8mmysmm in-mobie PY GPLL andhaseband signal

processing applications.
Contact pads 132 can be disposed side-by-side a first distance

from the edge of semiconductor die 124, as shown in FIG. 4b.
Alternatively, contact pads 132 can be offset in multiple rows
such that a first row of contact pads is disposed a first
distance from the edge of the die, and a second row of contact
pads alternating with the first row is disposed a second
distance from the edge of the die.

In FIG. 4c, semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool
134 into individual semiconductor die 124.

FIGs. 5a-5p illustrate, in relation to FIGs. 2 and 3a-
3c, a process of bonding different size semiconductor die at the
wafer level. FIG. 5a shows a semiconductor wafer or substrate
140 containing a base material, such as silicon, germanium,
gallium arsenide, indium phosphide, or silicon carbide, for

structural support. A plurality of semiconductor die or
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ISV semiconductor die 142 are positioned over carrier 162 with sufficient spacing to allow for mounting of
semiconductor die 124 with an open area between the semiconductor die for depositing encapsulant
down to carrier 162 and interface layer 164. An optional underfill material 166 is deposited between
semiconductor die 124 and ISV semiconductor die 142 around bumps 154. In FIG. 5k, an
encapsulant or molding compound 170 is deposited at the reconstituted wafer level over and around

semicondtEAs22, 1SV semidsHdiictordie 122 and i Rs2Asig S paste Briniig: compressive
molding, transter smeldingr liguid encapsulant mplding Aacudmlaainatien spirseeatiigs & ether suitable
applicator. In cases without underfill material 166, encapsulant 170 is deposited between semiconductor
124 and 1SV sBmicohiftctor die 192 2E RS sufant 178 °cah Be POyt Eonssite Raterial, Sich as epoxy
resin withi filtes, epoxyt-acrytate wathiftlendarqolymen with praper filler. Encapsulant 170 is non-conductive
and environmentally protects the semicgnductorréjevic from external elements and c %Emin nts.

In another embodiment. & mof UAGERTT (MUE) material 7 ?ssdépo%s?tgﬁ at the feconstitutéd Wafer level
over and ataune semictmckictot die-d24 andilSY semiconductondiei4? with macdMUtsprocess, as shown in
FIG. Si. Crl}lasle mg}lda:é(?f Qgs agtugperﬁinoldcsuglportalgg.aréd I(g)wer né%Id sugﬁﬁrtc],gS tgat are brought
together {0 enciose semiconductor die 124 and 15\ Semicondactor die 142 wi %peﬁvspace 180. MUF
material 17 #ra Jigaddstates s emjected intoyansssideofiehase tiold 17davith rozziel 182 while an optional
vacuum assist, 184 draws pressure from the oppasite side to uniformly fill open.space 180.around
oGO GIOr (e Lo e OV S AT GLCoor s 115 Wit e MOF atoril MOF racierd 172 can be
polymer eamipdsitecthateriab fsudheasiepoxy fesin withififiés epolky aciytateiwitmfilleriocpaolgmer with

proper filler, MUEF material 17215 formed ar&EB%%PS%n‘%MeSEﬁg%‘i‘&fﬂ}dé;{ﬂ%r die Jgdand ISV

semiconductor die 142 and cured, as shown in . ontinuing from FIG. 5k, carrier 162 and
interface fayerdd4vdrelremoved byechemicalcstchihg, Arechanitangadling, TP, methanical grinding,

thermal hake; UY,light, laser. scanning, of wedstrippiag fo expase back surfage 145 of semiconductor die

142, as shown in FIG. 5n. A portion of the base material of substrate 140 and encapsulant 170 or MUF
material P72 &eeticvedBy Ghinder 190 oquse Combuetive was 18y also Fr5tsd 8hows

semicondusgar, dig 124 and IS\s semisondugtos glie 142 covered by.encapsiiant 470 erMUF material 172

after the grinding operation. A build-up interconnect structure 194 is formed over a surface of ISV
semiconduciiediePr ©c€SS1ng.

In FIG. 5b, a plurality of blind vias 146 1is formed
partially through substrate 140 using mechanical drilling, laser
drilling, or deep reactive ion etching (DRIE). Vias 146 extend
from active surface 144 partially but not completely through
substrate 140. In one embodiment, vias 146 are cut through 60%
of the thickness of substrate 140. The remaining portion of
substrate 140 between vias 146 and back surface 145 provide
structural support for the substrate during subsequent
manufacturing processes.

In FIG. 5c¢, vias 146 are filled with Al, Cu, Sn, Ni,
Au, Ag, titanium (Ti), tungsten (W), poly-silicon, or other
suitable electrically conductive material using electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form z-direction conductive through

silicon vias (TSV) 148.
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142 opposite semiconductor die 124. The build-up interconnect structure 194 includes an electrically
conductive layer or RDL 196 formed using a patterning and metal deposition process such as sputtering,
electrolytic plating, and electroless plating. Conductive layer 196 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 196 includes horizontal and
vertical portions for electrical interconnect. One portion of conductive layer 196 is electrically connected to

conductive vias 148. Otferfgdttions of EondUEvE Tayet 196 Cirpe elettifcally ¥ommon ot &lectrically

isolated depensling-e. the,desiga ang:-fapetion afisepiconduetor die 12dand 142. pvp, cAnp,insulating or
passivation layer 198 is formed around and between conductjve layer 196 for electrical isolation using
PVD, CVD: prihfifid Xpift cBafiid; Kpray ¢o4tiy Siit€rikg oF tHe?maf 8idsfion CFheéinstfating layer 198
contains ene s imerenayers af 5% Si3N4, SN Fa205, AJ203,aricthen material havingrsimdar
insulating and structural properties. A portion_of insulating layer 198 can be removed bX an etching
process (PGuGH a BRBLOASEEmGeF o Saoss Hondierve lay & 106%6r Bimp Taimatoh.or kiditional
package #rterconheetl Thedauildwy intercaanect isiructure diP4his electridallycconngctesktiorsermisonductor

die 124 by way of conductive layer 150, bumps 154 angncond ctive vi 48 In FIG. 5p, an
electrical yscon%lrlﬂt%:iai\(/:gC bﬁrangpsmg%en%rll%ée%z%d%%%? lelé?rj)golsoe% c((ggr‘lgc%)(:ti\%a31 Yaey%r ﬁ% of build-up
interconnetcestrudtueel 194 usingcamevaporatiomdeledtiotytic plating léléctrdless ptatingdball drop, or

screen prining.process- The bump.mateiig) gan be Al 30, Ni A, Ag. Bb. Bl Gy solder, and,
combinations thereot, with an op%onal flux solution. For example, the ump material can be eutectic

Sn/Rb, high teladosciders br ﬁe@lfr@e'goméﬁ. Thefb@M@%é@YiaﬁMN@@UﬁO@Mucti@@yer 196 us_ing
a suitable, aitaghmentor bonding pracess, In one;gmbediment, fhe bymp majerial is sgflawed by heating

the material above its melting point to form balls or bumps 200. In some applications, bumps 200 are
reflowed acsetant tinte to-iaprode eleditid& TontETE ioeonddctiverlayertios: ALEBr layef carbe formed

under bumps2Q0.Bumps 200 cap.alsp be compression bepded to genduciiveayer 196, Bumps 200

represent one type of Interconnect structure that can be formed over conductive layer 196. The

Interconriées sFtctafe can afsolrse sthd s, Hnitrs bampl bf othet edéétriéd dnterconnect.

An insulating or passivation layer 152 is formed over
active surface 144 of substrate 140 and around conductive layer
150 using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 152
contains one or more layers of silicon dioxide (Si0O2), silicon
nitride (Si3N4), silicon oxynitride (SiON), tantalum pentoxide
(Ta205), aluminum oxide (A1l203), or other material having
similar insulating and structural properties. A portion of
insulating layer 152 is removed by an etching process through a
photoresist layer (not shown) to expose conductive layer 150.
Alternatively, insulating layer 152 can be formed prior to
conductive layer 150.

In FIG. 5e, an electrically conductive bump material
is deposited over the exposed portion of conductive layer 150
using an evaporation, electrolytic plating, electroless plating,
ball drop, or screen printing process. The bump material can be

Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations
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Semiconductor die 124 are singulated through encapsulant 170 and build-up Interconnect structure 194
with saw blade or laser cutting tool 202 into individual fan-out wafer level chip scale package (Fo-WLCSP)
or embedded wafer level ball grid array (eWLB) 204. FIG. 6 shows Fo-WLCSP 204 after singulation.
Semiconductor die 124 can be larger than TSV semiconductor die 142, particularly in cases where the
semiconductor die is a memory device with a large storage capacity and for high node technology, e.g.,
32-40 nahBRTetéts (nih) By forntiRg h%ﬁ&nétﬂtﬁféds\ﬁéfé% afb mo ﬁ%f@@ﬁeﬁic&ﬁﬁuc@&“@e 142 to
carrier 162 with syfficiet spacingt theclargerseppicondugion died 2d-0aeke bended feithe ESV
semiconductor die at the reconstituted wafer level with an open area to deposit encapsulant 170 or MUF
material £77 B&tween'the SEMRoAGUED Gk dritl TSV EMitOndirdtordie: The biniGiuptmberconnect
structure y94ns alsasiormed ad the tecanstiivted waterevelg The seeenstituted wafer with encapsulant
170 protects semiconductar die 124 and provides suppor r;I[or the formation of build-up Interconnect
structure T (.Dq’ﬁ@efétcbnﬁ?ﬁt ' W%fé?%%é ]e%iabgulgﬁé %Hﬁgnt%?(co%%%tctl 8fuétlife formation also
reduces rsk efrhandlingdameage ane tracking, @snreltas providing Alsimpte Bnatew togt. manufacturing
process. L;I'Qeebackg ir.u(j:igllgt .og TSV erIQi(:ig)nlfklgtoar1 die %% Afégg%esaco%déjocrtlige %/ia}{lsel%% for vertical
interconnect and reduces the thickness of Fo-WIECSP . emiconductor die 124 is electrically
connectetithrough umps 154 adonductive tayer 150ndnd tondudtasesviad 148 to burd siplibterconnect
structure 194. TSV semiconductor die 142 with conductive vias 148, conductive layer 150, insulating layer
152, andBUnge 120 Dot b e SIemnd S SHectve Shac e b ERM e o el B
semiconductordiedds as welkas gfficient packagecstacking thtoughtthe €ohdactiveslayers of the TSV
semiconductgr. die and bulldsup, intergennect structyre 194, Singe TSY semicondustar dig, 142 can be
made with similar material as semiconductor die 124 and build-up interconnect structure 194 is formed
over a sutfice®f Hite TSV sémitohductor Hiecr42 bppositecsemicdaductoe dieriZ4 and encapsulant 170,
TSV semjcanductor die 142 negates CIE mismatch between the semiconductor die and build-up
interconnect structure. TSV semiconductor die 142 operates as a buffer between semiconductor die 124
on one side of the TS\Isemicendaétor dieard Baiid-apantefcorninect stgetlre $94 BhraiePposite side of
the TSV semicopdugtor digsta redyce warpagel Y S@QE%Q”%Q&Q@% 1424rovidgs finepitch vertical
interconnect for semiconductor die 124 suitable for high 1/0 count applications. FIGs. 7a-7q

illustrate, iRteation id FIGY. 2 ahd 3303 nothét ftoddss: of Hahdin dfferertsis& Semiconductor die at
the waferdleyel- FHauéa shows & semicepductonwaferigssubstrate-21Q containing a base material, such

as silicon, germanium,lgallium arsenide, indium phosphide, or silicon .

n FIG. 5g, a temporary substrate or carrier 162
contains sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 164
is formed over carrier 162 as a temporary adhesive bonding film
or etch-stop layer. TSV semiconductor die 142 are positioned
over and mounted to interface layer 164 and carrier 162 using a
pick and place operation with bumps 154 oriented away from the
carrier. TSV semiconductor die 142 mounted to carrier 162
constitute a reconfigured wafer 168, as shown in FIG. 5h.

In FIG. 5i, semiconductor die 124 from FIGs. 4a-4c are
mounted to TSV semiconductor die 142 using a pick and place

operation with active surface 130 oriented toward the TSV

semiconductor die. Bumps 154 are reflowed to electrically
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carbide, for structural support. A plurality of semiconductor die or components 212 is formed on wafer 210
separated by inter-die wafer area or saw streets 213 as described above. Saw streets 213 provide cutting
areas to singulate semiconductor wafer 210 into individual semiconductor die 212. Each
semiconductor die 212 has a back surface 215 and active surface 214 containing analog or digital circuits
implemented as active devices, passive devices, conductive Layers, and dielectric layers formed within

the die an@ eIty interdonfectety &écotdifgtd te Blettiat aBSign i fihetidrt of tHe die. For

example dbgcireuit veay inghideione ermoentrapsistars ddiodes angsother gircuit glgments formed within
active surface 214 to implement analog circuits or digital circuits, such as DSP, ASIC, memory, or other

signal pré&ERGiFUR. Sefficoitdtiticrdie 212 MY alsd cohtaifIPBRESGER 8 FidtictshsS capacitors,

and resistarg, fosRH sighglprotessingd electhilHd&l 1/, agluradityeof hliindndas 216 is formed partially

through substrate %10 using mechapical drilglng, laser driIIinI% %r RIE. Vias 216 extend from surface 212
1

partially Bt ot 2BMHptetely thrdu Katratd 916 Sroshe émbodiméiit Vias Y16 are cut through 60% of
the thickriessiefeubstrate-2 0. €T e mainingepartior0b sybsteate 24 Owhietveen Viasy216 and back

surface ZSlg d%rgvidecsgructulr I;u .OIt fO{ él’g/e s%bst(r:a(;[e (Quri sué)sgq_ glr}t man fg&:tryrifg rocesses.
In FIG. 76 \ias 216 arg‘ﬁﬁe(?%lﬁﬁ%l, Cu, Sh, i AL, g,uﬁ, , pofy-stl#con, or other swtaﬁe electrically
conductivel materiad usingteléctrelytic platinghelebtroless platingeprocess, or Hthercsuitabie metal
fherg‘t’;'ﬁo&pem‘i%s& toform Z:irectiop qanductive ISY, 218, 1n FlG, 1d. TSViauksigte210 Issingulated
has a larger footprint than TSV semiconductor die 142 containing
logic circuits. In one embodiment, semiconductor die 124 has a
footprint of 10mmx10mm in memory applications, while TSV
semiconductor die 142 has a footprint of 8mmx8mm in mobile CPU,
GPU, and baseband signal processing applications.

TSV semiconductor die 142 are positioned over carrier
162 with sufficient spacing to allow for mounting of
semiconductor die 124 with an open area between the
semiconductor die for depositing encapsulant down to carrier 162
and interface layer 164. An optional underfill material 166 1is
deposited between semiconductor die 124 and TSV semiconductor
die 142 around bumps 154.

In FIG. 5k, an encapsulant or molding compound 170 is
deposited at the reconstituted wafer level over and around
semiconductor die 124, TSV semiconductor die 142, and carrier
162 using a paste printing, compressive molding, transfer
molding, ligquid encapsulant molding, vacuum lamination, spin
coating, or other suitable applicator. 1In cases without
underfill material 166, encapsulant 170 is deposited between
semiconductor 124 and TSV semiconductor die 142. Encapsulant

170 can be polymer composite material, such as epoxy resin with

filler, epoxy acrylate with filler, or polymer with proper
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saw street 213 with saw blade or laser cutting tool 219 into individual ISV semiconductor die 212. In one
embodiment, ISV semiconductor die 212 contains a logic circuit. In FIG. 7e, a temporary
substrate or carrier 222 contains sacrificial base material such as silicon, polymer, beryllium oxide, or
other suitable low-cost, rigid material for structural support. An Interface layer or double-sided tape 224 is
formed over carrier 222 as a temporary adhesive bondi%ngilm or etch-stop layer. ISV semiconductor die

212 are gosttidiied ovet aMdTHoGRted S IntbFfal8Taye P24 d Carfier 292 sy dpitkdnd/place

operation,wih daek suHace 245 osiented toward fhe satriesml S\ semicondyctonsie: 212 mpunted to
carrier 162 constitute a reconfigured wafer 226, as shown in FIG. 7f. In FIG. 7g, an encapsulant

or molding CorMpadiid'258 is deposited at the reconstituted wafer level over ISV semiconductor die 212
and carrier 222 using a pasteqriting ce@opressive, maldirg, dransterrnelding, Nigeid ercapsulkant molding,
vacuum Iicpé'nation spin ¢oating, oro her suitabletapflicatﬁr. Encapsulant 228 can be polymer composite
material, sU¢h a3 eCE)e 5y FeSinwith fillet e poxsPASate With ik Gr pofyirier With prapet filler.
Encapsuland228 isaon-conductiverand envicehmenrtalhy protectsdhe seaticanductoridevicel fram external
elements and contaminants. In FIG. 7h, carrier 222 and Interface layer 224 are removed by
chemicalaettbzﬁll%gPr%%%ﬁgr%éalaﬁ’eeﬁllﬁ@&w, rﬁgghanl%ail grlar?ld‘f‘nsg? tﬁléjflm(%l %i%e%@f’/ |i5‘grht,1j|8§§r‘: scanning,
or wet stripping tmerpase Back surdaceodts ofnsubstrate2d 0t Alpttidm ef therlsadermatdrial of substrate

210 and %nca&styéant 228 is Cr:'%moved b%igcrindg{lg%g}o £Xpo gon%u tii/g\.yias 218. In FIG. 71,

an electricgﬁy condfuctfi(\j/e derofs% isFormed over surface 227 of IS semlco%%rﬁétco?%?euﬁf fjsing PVD,

die 142 with open space 180. MUF material 172 in a liguid state
is injected into one side of chase mold 174 with nozzle 182
while an optional vacuum assist 184 draws pressure from the
opposite side to uniformly fill open space 180 around
semiconductor die 124 and TSV semiconductor die 142 with the MUF
material. MUF material 172 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. MUF material 172 is formed around
and between semiconductor die 124 and TSV semiconductor die 142
and cured, as shown in FIG. 5m.

Continuing from FIG. 5k, carrier 162 and interface
layer 164 are removed by chemical etching, mechanical peeling,
CMP, mechanical grinding, thermal bake, UV light, laser
scanning, or wet stripping to expose back surface 145 of
semiconductor die 142, as shown in FIG. 5n. A portion of the
base material of substrate 140 and encapsulant 170 or MUF
material 172 is removed by grinder 190 to expose conductive vias
148.

FIG. 50 shows semiconductor die 124 and TSV
semiconductor die 142 covered by encapsulant 170 or MUF material
172 after the grinding operation. A build-up interconnect

structure 194 is formed over a surface of TSV semiconductor die
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CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductive layer 230 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 230 operates as contact pads or UBM layer for electrical
Interconnect. Conductive layer 230 also Includes redistribution layers and z-direction conductive vias for
routing electrical signals horizontally and vertically. One portion of conductive layer 230 is electrically
connectet 46 cordtEthevias 1 8° CANEUTiORS of édnductive I%%O%&Hg%%%ﬁﬁé??%ommon or

electricallydsolated-depending emitbe designand-functian of semiconductos diei 24 apd 242, An
insulating or passivation layer 232 is formed over surface 227 of TSV semiconductor die 212 and around
cond uctis]eglgygf) 586 Usitiy PVD2 CRAT, riting IspiR Codfing, 'sptal Coating SimEAf§ oF tiatial oxidation.
The insulating payet 232repntains epedrymore layearsiofdl02n §13N4,SHIN cEa2Q5, A203; .or other
material havi%% sitmilar insulatinqo{%}gd struc uralijproperties. Aépo tion of insglatiTg layer 25:2 is removed by
an etching Provess throdgh & phototeSREIayer 10 exydse Conductive faer 230  Alt&tativaly, insulating
layer 232dgn be formgd priorctorcondsctiveslayer 23@ct r i ca linyFIGo i semicendiactor die1124 from
FIGs. 4a-4c, in this. case with bu 234, are mounted to TSV, semiconductor die 212 using a pick and
place opGiAlaN With etie Sthiace (L3 Srasd (hre (e TEv SEmicondubtor tie BUmBS 234 are
reflowed foeleciriatly coahedtroomductives fayer 23040 ronductivedayerct3ioftsemicbadeactor die 124
with a lo %mggraetlirecl Ss I.:ha anZOC%. 'rquch' t7k & owsc%ergilﬁzggtl:lgcé‘to\rf Qiesl%f‘h gwetal&;crgié:glly and
electrically connected to TSV semiconductor die 212 at the reconsiituted wafer level. Semiconductor die
124 can beatmemary fevice dvithta large sisrage tapacity while 1SV semiednductomndie 2 19contain logic
circuits that interact with the memory, devices, Semicopdugtor die.124, by natire of the large storage
capacity memory devices, has a larger footprint than ISV semiconductor die 212 containing logic circuits.
In one erfbadifrndsemicoAdgctor diearZth R4S a footprint of IOmmx10mm in memory applications, while

ISV semiconductor die,212; has,a feqtpgnt,of 8moxBoyp in mobile GPYo 6P, and haseband signal

processing applications. ISV semiconductor die 212 are positioned with sufficient spacing to allow for

mounting?éTosEriceRduAst HiReIRARMA BRtdPEN dreadieth@en fhe serredrabetor die fordepoiting

encapsulagt dgwpie congictive layer;230 and insulalingslayer 232. An eptienal ynderfillmaterial 236 is
deposited between semiconductor die 124 and ISV semiconductor die 212 around bumps 234. In
FIG. 71, an ehkapsiRantsrimeldini compbtnd 228 s Hépsifetly &tthé Tecordtitden SvafeflevEl over and

around segjconduystor die 224 angd ISYisamicopdusior digod2 using@spasie psipting, compressive
molding, transfer molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable

applicatoPAhCases withbutEndéritt hidteriar286 ehedpstiant 240 i desosited Bethee s Semidonductor

124 and |+ semicaneuctosgie, 212 gEneapsulant 240-candkee pelymercompasitednaterial; such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 240 is honconductive

and envifohTEHt Sy proteie the BEMIONTTLHT deviteTirdh eSA8tREFelSREMES Sid Contiiihants.

196 for bump formation or additional package interconnect. The
build-up interconnect structure 194 is electrically connected to
semiconductor die 124 by way of conductive layer 150, bumps 154,
and conductive vias 148.

In FIG. 5p, an electrically conductive bump material
is deposited over the exposed conductive layer 196 of build-up
interconnect structure 194 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux

solution. For example, the bump material can be eutectic Sn/Pb,
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In another embodiment, a MUF material 242 is deposited over and around semiconductor die 124 and
ISV semiconductor die 212 at the wafer level with a MUF process, as shown in FIG. 7m. Chase mold 244
has an upper mold support 246 and lower mold support 248 that are brought together to enclose
semiconductor die 124 and TSV semiconductor die 212 with open space 250. MUF material 242 in a
liquid state is injected into one side of chase mold 244 with nozzle 252 while an optional vacuum assist

254 draws5rBssia%roih tHE bppositet §ide 16 LRforiAly M open sface w80 Jrotft ‘sehicdnductor die 124

and TSVisenjeenductargigZd2iwith the, MUF material niMUE materiad 242 canepelymes.composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer Wi,t%fro,per filler. MUF

material 2425 0PmBH A6 and hetlEerr LoMTcdhtlttor i€ 158 HRd™PS? Sefhicartluctor die 212 and
cured, asrsifov tF IS Heating tmEI@aterd portionafencapsuant 240 op MUk maierial:242 is
removed b%%ﬂ]rinder %%8 to e;%%%e conductive vias 218. , FIG. 7£ sléovxés semiconductor die 124
and TSV¥emicorductol g 212" urrothded'®y dapstsnt 246 or MR natéliaP242 after the grinding
operation: & huild=dp énterconnectstructure 2a(iscfoemed @ver active surfacec214 of TSV semiconductor
die 212 opposite semiconductor die 124. T uild-up interconnect structure 260 includes an electrically
conductiv(%gfé?/grc grl f—if)liﬁféfze Forrlgée% 'usir%g rg{%pblglttl‘(lla‘ﬁ?lr\(i(r% a%%nm%t%l égﬁ&ﬁﬁjoﬁl %g(?cregg%%ﬁ as sputtering,

electrolytidplatin@uangsel2ttioless plating. Gonductiveelayér262cadd@ are oomave tayess of Al, Cu, Sn,

Ni, Au, Agaor oth% ggital‘%!% electré'%lyrcondggtei\ﬁetmgr'%eeri%l. Cond%ctivgg@%ro%& includes horizontal and

vertical port%)erf:s foF electrical Interconnéct. One portion of cShductive ayer 262 i%ee(fé:ctrically connected to
conductive-vias 24 8¢ Othertportiondef corditive Vayer 262caribey elektrically tdmmoni oe electrically

isolated depending gn the design and fungtion,ef.semiconducior dig 124 and 212, Ap insulating or
passivation layer 264 is formed around and between conductive layer 262 for electrical isolation using
PVD, CV® printing,sspirf €6ating, speayeoai®; sintering or thermal oxidation. The insulating layer 264

contains one or more layers of 51,02, $I3N4..SION, Ta203, Al203, arother,material having similar

insulating and structural properties. A portion of insulating layer 264 can be removed by an etching

process thrGgted phbtorégist Ryer fraxsbsercontuetive IayRee 262 Foiistmp Foridtion dhadditional
package intgreonnect. Jhe buildeun Ipjercopnesicsiructyre 26Qsis electrieally-connected ta-semiconductor
die 124 by way of conductive layer 230, bumps 234, and conductive vias 218.
evel chip scale package (Fo-WLCSP) or embedded wafer level ball
grid array (eWLB) 204. FIG. 6 shows Fo-WLCSP 204 after
singulation. Semiconductor die 124 can be larger than TSV
semiconductor die 142, particularly in cases where the
semiconductor die is a memory device with a large storage
capacity and for high node technology, e.g., 32-40 nanometers
(nm). By forming a reconstituted wafer and mounting TSV
semiconductor die 142 to carrier 162 with sufficient spacing,
the larger semiconductor die 124 can be bonded to the TSV
semiconductor die at the reconstituted wafer level with an open
area to deposit encapsulant 170 or MUF material 172 between the
semiconductor die and TSV semiconductor die. The build-up
interconnect structure 194 is also formed at the reconstituted
wafer level. The reconstituted wafer with encapsulant 170
protects semiconductor die 124 and provides support for the

formation of build-up interconnect structure 194. The
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In FIG. 7q, an electrically conductive bump material is deposited over the exposed conductive layer 262
of build-up Interconnect structure 260 using an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and
combinations thereof, with an optional flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer 262 using a

suitable &tfchRTEnt or bondifyfsbcess h orREHhBadiftert the By hfat&fa1is féflowed by heating the

material ahove-itsmelting-peint tofosmdaalls o bueps-266. 1p some applications.iemps 66 are
reflowed a second time to Improve electrical contact to conductive Iaﬁer 262. A UBM layer can be formed

under buffpE266! Burfif's Y66 taf sy B t8ipessic Bohfed 1! cdrducive tayer 262. Bumps 266
represeniane fype-ofdntesconnect syucture shaicandie tomeg ever tonddetivedayer262 The
Interconnect strycture can also use stud bump, micro % mp, or other electrical Interconnect.
Semicondictor die T3 &1t SinGUIRTBAT thtdiigh Shcapstant A0 Aid Biifth-up REFGSHHESt Sructure 260
with saw dtaderedlasescutting toal 268dato individual FOSW LEOSP. or eWLB 270. FIG. 8 shows Fo-WLCSP
270 after singulation. Ssemicondléctortdie %?4 can, Qe Iarge&thacn TSVls_F:miconduct%r %ie 212, particularly
in cases where the serficonductor die is a rlrl%mory device with 5jlacrage s\{o%%réncea%a%l y and for high node
technology eog.g B2A0nmw. By forningcireconstitutedcwater Gndemountimgl i SVisemicoadudtéB die 212 to
carrier 232wl suficiont spacing. e araer semipanduciordie 124.can be bonded o ISY,
semiconductor die 212 at the reconstituted wafer level with an open area to deposit encapsu?ant 240 or
MUF matktial 242 hetweehisgmiconduetor 88124 and TS\ semicareuctor die 2022 uThé baild-up

interconnegt syugtyse 260, gl farmiath abihey egensitutegwafer leyel JHhe ecenstityied wafer with

encapsulant 240 protects semiconductor die 124 and provides support for the formation of build-up
interconneetr setictare 260. TS feconstittddnaferlevd encapsulatonandtintercormett $tructéire

formation,alsg reduces;risk of handling damage. and gracking, asiwell,as providing a,simple and low cost

manufacturing process. The backgrinding of substrate 210 exposes conductive vias 218 for vertical
interconreEt ARG rédicesthie IRILRAIESLST FG-VECSPRYOLA-UP 1iScphieORaG6r dierlpdtisidectrically

connectedghrough;burmps 234 seandudtive laysr 230, and gopdyctive vias 218 1@ huld ypiigterconnect

structure 260. TSV semiconductor die 212 with conductive vias 218, conductive layer 230, insulating layer
232, andbuihTEsi 234 proViGE a SPIECAIRT costeffective Sifuttate forWRrticHt iftefconnett of

semiconducter-dig 1241 as well as.effisient packagesstaeking throughdhe eondustiveslayars-efithe TSV
semiconductor die and build-up interconnect structure 260. Since TSV semiconductor die 212 can be

made withi<imitdrmaBsat 45 Sefmtordutordied 24 ishd Bt itBreonheeesttuctdiyy 266°16 formed

over active-surdaceidt4 of ISM semicongiigtor che 212 apposite semicongdustordie 124 and encapsulant
240, ISV semjconductor die 212 negates CIE mismatch between semiconductor die 124 and build-up

interconneclSralure 568, 1S4 FséitoRbdcr Bk 217 GpEREES &S aBufter behfieen S&fhiconductor die
124 on osemsidecofthe18Y semiconducipedietand buildaupirteronnectsiaictyreGdhaa antapposite side

_of the IS\é1 lsemi'czoi‘ndggtog d@je ;E,Ci r%duc V\t/%rga?g IS\/esgmicnogggcgorr dé% 2_1%1 I%O‘Qg?ﬁﬂnﬁ E|g)itch vertical
mterconnec?for SemICOHdIUCtOI’ (%e 1 suitable %r [0] ﬁ@ COUﬂ% app IC&%OHS.

interconnect structure 194 on an opposite side of the TSV

semiconductor die to reduce warpage. TSV semiconductor die 142

provides fine pitch wvertical interconnect for semiconductor die

124 suitable for high I/O count applications.

FIGs. 7a-7q illustrate, in relation to FIGs. 2 and 3a-
3c, another process of bonding different size semiconductor die
at the wafer level. FIG. 7a shows a semiconductor wafer or

substrate 210 containing a base material, such as silicon,

germanium, gallium arsenide, indium phosphide, or silicon
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FIG. 9 shows an embodiment of Fo-WLCSP 272, similar to FIG. 6, with multiple semiconductor die
stacked over ISV semiconductor die 212. Semiconductor die 274 and 276 originate from a semiconductor
wafer, similar to FIGs. 4a-4c. Each semiconductor die 274-276 has a back surface and active surface
containing analog or digital circuits implemented as active devices, passive devices, conductive layers,
and dielectric layers formed within the die and electrically interconnected according to the electrical

design afd-fitictitn of Bie die” BoF BkarmpfRRE Eircuit MayiHclade bheYr mErRELTrERSIStorS Wiodes, and
other circyitelementsdosned within the activersistacertomplementoianaleg eieuits erdigitalsircuits, such
as DSP, ASIC, memory, or other signal processing circuit. Semiconductor die 274-276 may also contain

IPDs, suéh §s itiuctordr Edpatitors ‘antiTeSitsts “for R sigRarproRessiAg X plurafitybf contact pads is

formed oyerthetactive supiace oad electtically connectedtasthegincuiis opdhe astivesusace. A plurality
of bumps is form ver the con ac? ds for semiconductor died274-g9. In one embodiment,
semicond{fet&r dig 2742276 ard fipé @i%e SEMISONYtEr e 21 2+ A plurality of conductive vias 278
is formed through semicandueton dieoh24, dypicalip at theavafes levebinckl Gs: daadle, fan 2-diredtion vertical
interconnae(c::% iL‘i]Iéevgis%,f% g(leuralt{téoé ggggugiyg vi%srﬁgﬁo is Eorrm ld thrcoal.{lghcslq:rgicggguctor die 274 for
z-direction vertical friterconnect. Semiconductordie 274°18 mourited 16 Semiconductor die 124 with bumps
282 metallurgiealbnarctielestricatly connectéd¢s copductivesvids 278 eSemiconductoi die 276 is mounted

to semicqnductor die 274 it{} umps 28f1 metallurgically and %ctric H cqnnected to conductive vias
280. In oné em So’diﬁa”lg(r%t,quys %gr%%o%du%f]ogrr ie %ﬁrpségllggllg %}I\}ic]g1 c))ér D8§S a%%gsemiconductor die 124
and 274-<2xscareimembyy deviees.ohnentapsHant28blisadleposited overand arsundisemizonductor die

124, 274,300 208+ 1 o JEIGHE0 ShQws ap embadiment of EQWLESE 290, similar 1oF1G. 6, with
conductive vias 292 formed through encapsulant 170 for vertical electrical interconnect to build-up
interconreee steucti £94. 1A piiralityof viaslisdermmed thitoagh encapsutanttl 7olesiag taser drilling,

mechanic-drilling, giching, or DRIE. The viasarefiflgdwyth; fl, Cu, Sny NinAY 39 Fir ¥, RAly-gilicon, or
other suitable electrically conductive material using electrolytic plating, electroléss plating process, or
other suitbte frietal Hepositioh précess pSolnz-difection VHCA intefdormetEEorfduttive vias 292.

While ong o mare embediments of thedyresentdnventiorshave heenllusirated in detajk the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing

from the $E815e ofthebrésSentiAvéTitiincas SeTBRA iR fife faBWingFelamers, for RF

signal processing.

In FIG. 7b, a plurality of blind vias 216 1is formed
partially through substrate 210 using mechanical drilling, laser
drilling, or DRIE. Vias 216 extend from surface 212 partially
but not completely through substrate 210. In one embodiment,
vias 216 are cut through 60% of the thickness of substrate 210.
The remaining portion of substrate 210 between vias 216 and back
surface 215 provide structural support for the substrate during
subsequent manufacturing processes.

In FIG. 7c¢, vias 216 are filled with Al, Cu, Sn, Ni,
Au, Ag, Ti, W, poly-silicon, or other suitable electrically
conductive material using electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form z-direction conductive TSV 218.

In FIG. 7d, TSV substrate 210 is singulated through
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
semiconductor wafer having first and second opposing surfaces; forming a plurality of conductive vias
partially through the first surface of the semiconductor wafer; singulating the semiconductor wafer into
a plurality of first semiconductor die;

saw street 213 with saw blade or laser cutting tool 219 into
individual TSV semiconductor die 212. In one embodiment, TSV
semiconductor die 212 contains a logic circuit.

In FIG. 7e, a temporary substrate or carrier 222
contains sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for
structural support. An interface layer or double-sided tape 224
is formed over carrier 222 as a temporary adhesive bonding film
or etch-stop layer. TSV semiconductor die 212 are positioned
over and mounted to interface layer 224 and carrier 222 using a
pick and place operation with back surface 215 oriented toward
the carrier. TSV semiconductor die 212 mounted to carrier 162
constitute a reconfigured wafer 226, as shown in FIG. 7f.

In FIG. 7g, an encapsulant or molding compound 228 is
deposited at the reconstituted wafer level over TSV
semiconductor die 212 and carrier 222 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 228 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 228 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 7h, carrier 222 and interface layer 224 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose back surface 215 of substrate 210. A
portion of the base material of substrate 210 and encapsulant
228 1s removed by grinder 229 to expose conductive vias 218.

In FIG. 7i, an electrically conductive layer 230 is

formed over surface 227 of TSV semiconductor die 212 using PVD,
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providing a carrier; mounting the first semiconductor die to the carrier; mounting a second
semiconductor die to the first semiconductor die; depositing an encapsulant over the first and second
semiconductor die and carrier; removing the carrier and a portion of the second surface to expose the
conductive vias; and forming an interconnect structure over a surface of the first semiconductor die
opposite the second semiconductor die, 2. The method of claim 1, wherein a footprint of the second

semicondctor §ie9S fargerthin Pfdtdrit of té fifst SefiicoridtRtortie Process, or other

suitable metal deposition process. Conductive layer 230 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 230 operates
as contact pads or UBM layer for electrical interconnect.
Conductive layer 230 also includes redistribution layers and z-—
direction conductive wvias for routing electrical signals
horizontally and vertically. One portion of conductive layer
230 is electrically connected to conductive wvias 218. Other
portions of conductive layer 230 can be electrically common or
electrically isolated depending on the design and function of
semiconductor die 124 and 212.

An insulating or passivation layer 232 is formed over
surface 227 of TSV semiconductor die 212 and around conductive
layer 230 using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 232
contains one or more layers of Si02, Si3N4, SiON, Taz05, Al203,
or other material having similar insulating and structural
properties. A portion of insulating layer 232 is removed by an
etching process through a photoresist layer to expose conductive
layer 230. Alternatively, insulating layer 232 can be formed
prior to conductive layer 230.

In FIG. 73j, semiconductor die 124 from FIGs. 4a-4c, in
this case with bumps 234, are mounted to TSV semiconductor die
212 using a pick and place operation with active surface 130
oriented toward the TSV semiconductor die. Bumps 234 are
reflowed to electrically connect conductive layer 230 to
conductive layer 132 of semiconductor die 124 with a low
temperature less than 220°C. FIG. 7k shows semiconductor die
124 metallurgically and electrically connected to TSV

semiconductor die 212 at the reconstituted wafer level.
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3. The method of claim 1, further including: forming a conductive layer over the first surface of the
substrate prior to mounting the second semiconductor die, the conductive layer being electrically
connected to the conductive vias; and forming an insulating layer over the first surface of the
substrate. 4. The method of claim 1, further including depositing a mold underfill material between the

first and second semiconductor die. 5. The method of claim 1, wherein the second semiconductor die
Indudesggﬁéﬁgﬂgagﬁeé die 124 can be a memory device with a large

storage capacity while TSV semiconductor die 212 contain logic
circuits that interact with the memory devices. Semiconductor
die 124, by nature of the large storage capacity memory devices,
has a larger footprint than TSV semiconductor die 212 containing
logic circuits. 1In one embodiment, semiconductor die 124 has a
footprint of 10mmx10mm in memory applications, while TSV
semiconductor die 212 has a footprint of 8mmx8mm in mobile CPU,
GPU, and baseband signal processing applications. TSV
semiconductor die 212 are positioned with sufficient spacing to
allow for mounting of semiconductor die 124 with an open area
between the semiconductor die for depositing encapsulant down to
conductive layer 230 and insulating layer 232. An optional
underfill material 236 1is deposited between semiconductor die
124 and TSV semiconductor die 212 around bumps 234.

In FIG. 71, an encapsulant or molding compound 240 is
deposited at the reconstituted wafer level over and around
semiconductor die 124 and TSV semiconductor die 212 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. In cases without underfill material 236,
encapsulant 240 is deposited between semiconductor 124 and TSV
semiconductor die 212. Encapsulant 240 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 240 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

In another embodiment, a MUF material 242 is deposited
over and around semiconductor die 124 and TSV semiconductor die
212 at the wafer level with a MUF process, as shown in FIG. 7m.

Chase mold 244 has an upper mold support 246 and lower mold
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6. The method of claim 1, further including stacking a plurality of second semiconductor die over the first
semiconductor die. 7. A method of making a semiconductor device, comprising: providing a plurality of
first semiconductor die; forming a plurality of conductive vias through the first semiconductor die;
providing a carrier; mounting the first semiconductor die to the carrier;

support 248 that are brought together to enclose semiconductor
die 124 and TSV semiconductor die 212 with open space 250. MUF
material 242 in a liquid state is injected into one side of
chase mold 244 with nozzle 252 while an optional vacuum assist
254 draws pressure from the opposite side to uniformly fill open
space 250 around semiconductor die 124 and TSV semiconductor die
212 with the MUF material. MUF material 242 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. MUF
material 242 is formed around and between semiconductor die 124
and TSV semiconductor die 212 and cured, as shown in FIG. 7n.

In FIG. 70, a portion of encapsulant 240 or MUF
material 242 is removed by grinder 258 to expose conductive vias
218.

FIG. 7p shows semiconductor die 124 and TSV
semiconductor die 212 surrounded by encapsulant 240 or MUF
material 242 after the grinding operation. A build-up
interconnect structure 260 is formed over active surface 214 of
TSV semiconductor die 212 opposite semiconductor die 124. The
build-up interconnect structure 260 includes an electrically
conductive layer or RDL 262 formed using a patterning and metal
deposition process such as sputtering, electrolytic plating, and
electroless plating. Conductive layer 262 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 262 includes horizontal
and vertical portions for electrical interconnect. One portion
of conductive layer 262 is electrically connected to conductive
vias 218. Other portions of conductive layer 262 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124 and 212.

An insulating or passivation layer 264 is formed
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mounting a second semiconductor die to the first semiconductor die, wherein a footprint of the second
semiconductor die is larger than a footprint of the first semiconductor die; and depositing an
encapsulant over the first and second semiconductor die and carrier. 8. The method of claim 7, further
including: removing the carrier; and forming an interconnect structure over the first semiconductor die

opposite the second semiconductor die. , , , ,
around and between conductive layer 262 for electrical isolation

using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. The insulating layer 264 contains one or
more layers of Si02, Si3N4, SiON, Taz05, Al203, or other
material having similar insulating and structural properties. A
portion of insulating layer 264 can be removed by an etching
process through a photoresist layer to expose conductive layer
262 for bump formation or additional package interconnect. The
build-up interconnect structure 260 is electrically connected to
semiconductor die 124 by way of conductive layer 230, bumps 234,
and conductive wvias 218.

In FIG. 79, an electrically conductive bump material
is deposited over the exposed conductive layer 262 of build-up
interconnect structure 260 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 262 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
balls or bumps 266. In some applications, bumps 266 are
reflowed a second time to improve electrical contact to
conductive layer 262. A UBM layer can be formed under bumps
266. Bumps 266 can also be compression bonded to conductive
layer 262. Bumps 266 represent one type of interconnect
structure that can be formed over conductive layer 262. The
interconnect structure can also use stud bump, micro bump, or
other electrical interconnect.

Semiconductor die 124 are singulated through
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9. The method of claim 7, further including: forming the plurality of conductive vias partially through a
first surface of the first semiconductor die; removing the carrier; and removing a portion of a second
surface of the first semiconductor opposite the first surface of the first semiconductor die to expose the
conductive vias. 10. The method of claim 7, further including: forming a conductive layer over the first
semiconductor die prior to mounting the second semiconductor die, the conductive layer being electrically

Connedeﬁqsqﬁé%6ﬁ8&j%%qﬂégquﬁpild—up interconnect structure 260 with saw
blade or laser cutting tool 268 into individual Fo-WLCSP or eWLB

270. FIG. 8 shows Fo-WLCSP 270 after singulation.
Semiconductor die 124 can be larger than TSV semiconductor die
212, particularly in cases where the semiconductor die is a
memory device with a large storage capacity and for high node
technology, e.g., 32-40 nm. By forming a reconstituted wafer
and mounting TSV semiconductor die 212 to carrier 222 with
sufficient spacing, the larger semiconductor die 124 can be
bonded to TSV semiconductor die 212 at the reconstituted wafer
level with an open area to deposit encapsulant 240 or MUF
material 242 between semiconductor die 124 and TSV semiconductor
die 212. The build-up interconnect structure 260 is also formed
at the reconstituted wafer level. The reconstituted wafer with
encapsulant 240 protects semiconductor die 124 and provides
support for the formation of build-up interconnect structure
260. The reconstituted wafer-level encapsulation and
interconnect structure formation also reduces risk of handling
damage and cracking, as well as providing a simple and low cost
manufacturing process. The backgrinding of substrate 210
exposes conductive vias 218 for vertical interconnect and
reduces the thickness of Fo-WLCSP 270.

Semiconductor die 124 is electrically connected
through bumps 234, conductive layer 230, and conductive wvias 218
to build up interconnect structure 260. TSV semiconductor die
212 with conductive wvias 218, conductive layer 230, insulating
layer 232, and bumps 234 provide a simple and cost effective
structure for vertical interconnect of semiconductor die 124, as
well as efficient package stacking through the conductive layers
of the TSV semiconductor die and build-up interconnect structure

260. Since TSV semiconductor die 212 can be made with similar
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forming an insulating layer over the first semiconductor die. 11. The method of claim 7, further including
depositing a mold underfill material between the first and second semiconductor die. 12. The method of
claim 7, further including stacking a plurality of second semiconductor die over the first semiconductor die.
13. The method of claim 7, further including forming a plurality of conductive vias through the

encapsulant. 14. A method of making a semiconductor device, comprising:
material as semiconductor die 124 and build-up interconnect

structure 260 is formed over active surface 214 of TSV
semiconductor die 212 opposite semiconductor die 124 and
encapsulant 240, TSV semiconductor die 212 negates CTE mismatch
between semiconductor die 124 and build-up interconnect
structure 260. TSV semiconductor die 212 operates as a buffer
between semiconductor die 124 on one side of the TSV
semiconductor die and build-up interconnect structure 260 on an
opposite side of the TSV semiconductor die to reduce warpage.
TSV semiconductor die 212 provides fine pitch wvertical
interconnect for semiconductor die 124 suitable for high I/0
count applications.

FIG. 9 shows an embodiment of Fo-WLCSP 272, similar to
FIG. 6, with multiple semiconductor die stacked over TSV
semiconductor die 212. Semiconductor die 274 and 276 originate
from a semiconductor wafer, similar to FIGs. 4a-4c. Each
semiconductor die 274-276 has a back surface and active surface
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within the active
surface to implement analog circuits or digital circuits, such
as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 274-276 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing.
A plurality of contact pads is formed over the active surface
and electrically connected to the circuits on the active
surface. A plurality of bumps is formed over the contact pads

for semiconductor die 274-276. In one embodiment, semiconductor
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providing a plurality of first semiconductor die; forming a plurality of conductive vias through the first
semiconductor die; providing a carrier; mounting the first semiconductor die to the carrier; depositing a
first encapsulant over the first semiconductor die and carrier; removing the carrier;

die 274-276 are flipchip type semiconductor die.

A plurality of conductive vias 278 is formed through
semiconductor die 124, typically at the wafer level in FIGs. 4a-
4b, for z-direction vertical interconnect. Likewise, a
plurality of conductive vias 280 is formed through semiconductor
die 274 for z-direction vertical interconnect. Semiconductor
die 274 is mounted to semiconductor die 124 with bumps 282
metallurgically and electrically connected to conductive vias
278. Semiconductor die 276 is mounted to semiconductor die 274
with bumps 284 metallurgically and electrically connected to
conductive vias 280. In one embodiment, TSV semiconductor die
142 is a logic device or DSP and semiconductor die 124 and 274-
276 are memory devices. An encapsulant 286 is deposited over
and around semiconductor die 124, 274, and 276.

FIG. 10 shows an embodiment of Fo-WLCSP 290, similar
to FIG. 6, with conductive vias 292 formed through encapsulant
170 for vertical electrical interconnect to build-up
interconnect structure 194. A plurality of vias is formed
through encapsulant 170 using laser drilling, mechanic drilling,
etching, or DRIE. The vias are filled with Al, Cu, Sn, Ni, Au,
Ag, Ti, W, poly-silicon, or other suitable electrically
conductive material using electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form z-direction vertical interconnect conductive wvias 292.

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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mounting a second semiconductor die to the first semiconductor die; and depositing a second
encapsulant over the second semiconductor die. 15. The method of claim 14, wherein a footprint of the
second semiconductor die is larger than a footprint of the first semiconductor die. 16. The method of
claim 14, wherein the second semiconductor die includes a memory device. 17. The method of claim 14,
further including forming an interconnect structure over the first semiconductor die opposite the second
semiconductor die. 18. The method of claim 14, futf#EPfhcluding:

What is claimed:

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

providing a semiconductor wafer having first and second
opposing surfaces;

forming a plurality of conductive wvias partially through
the first surface of the semiconductor wafer;

singulating the semiconductor wafer into a plurality of
first semiconductor die;

providing a carrier;

mounting the first semiconductor die to the carrier;

mounting a second semiconductor die to the first
semiconductor die;

depositing an encapsulant over the first and second
semiconductor die and carrier;

removing the carrier and a portion of the second surface to
expose the conductive vias; and

forming an interconnect structure over a surface of the

first semiconductor die opposite the second semiconductor die.

2. The method of claim 1, wherein a footprint of the second
semiconductor die is larger than a footprint of the first

semiconductor die.

3. The method of claim 1, further including:

forming a conductive layer over the first surface of the
substrate prior to mounting the second semiconductor die, the
conductive layer being electrically connected to the conductive

vias; and
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forming the plurality of conductive vias partially through a first surface of the first semiconductor die; and
removing a portion of a second surface of the first semiconductor opposite the first surface of the first
semiconductor die to expose the conductive vias. 19. The method of claim 14, further including removing
a portion of the first encapsulant to expose the conductive vias. 20. The method of claim 14, further
including depositing a mold underfill material between the first and second semiconductor die. 21. A

semiconductor d&Vie;EdniptisiAg UL 2 lfitst Senitbnausor bRehdving & pluralif 6t condikfive vias
formed thrqugh the first semiconductor die;

4. The method of claim 1, further including depositing a mold
underfill material between the first and second semiconductor

die.

5. The method of claim 1, wherein the second semiconductor die

includes a memory device.

6. The method of claim 1, further including stacking a
plurality of second semiconductor die over the first

semiconductor die.

7. A method of making a semiconductor device, comprising:
providing a plurality of first semiconductor die;
forming a plurality of conductive vias through the first
semiconductor die;
providing a carrier;
mounting the first semiconductor die to the carrier;
mounting a second semiconductor die to the first
semiconductor die, wherein a footprint of the second
semiconductor die is larger than a footprint of the first
semiconductor die; and

depositing an encapsulant over the first and second

semiconductor die and carrier.

8. The method of claim 7, further including:
removing the carrier; and
forming an interconnect structure over the first

semiconductor die opposite the second semiconductor die.
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a second semiconductor die mounted to the first semiconductor die, wherein a footprint of the second
semiconductor die is larger than a footprint of the first semiconductor die; an encapsulant deposited
over the first and second semiconductor die; and an interconnect structure formed over the first
semiconductor die opposite the second semiconductor die. 22. The semiconductor device of claim 21,
wherein the second semiconductor die includes a memory device. 23. The semiconductor device of claim
21, further including a mold underfill material deposited between the first and second semiconductor die.

9. The method of claim 7, further including:

forming the plurality of conductive vias partially through
a first surface of the first semiconductor die;

removing the carrier; and

removing a portion of a second surface of the first
semiconductor opposite the first surface of the first

semiconductor die to expose the conductive vias.

10. The method of claim 7, further including:
forming a conductive layer over the first semiconductor die
prior to mounting the second semiconductor die, the conductive
layer being electrically connected to the conductive vias; and
forming an insulating layer over the first semiconductor

die.

11. The method of claim 7, further including depositing a mold
underfill material between the first and second semiconductor

die.

12. The method of claim 7, further including stacking a
plurality of second semiconductor die over the first

semiconductor die.

13. The method of claim 7, further including forming a

plurality of conductive vias through the encapsulant.

14. A method of making a semiconductor device, comprising:
providing a plurality of first semiconductor die;
forming a plurality of conductive vias through the first

semiconductor die;
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24. The semiconductor device of claim 21, further including: a conductive layer formed over the first
semiconductor die and electrically connected to the conductive vias; and an insulating layer formed over
the first semiconductor die. 25. The semiconductor device of claim 21, further including a plurality of
second semiconductor die stacked over the first semiconductor die.

providing a carrier;

mounting the first semiconductor die to the carrier;

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

removing the carrier;

mounting a second semiconductor die to the first
semiconductor die; and

depositing a second encapsulant over the second

semiconductor die.

15. The method of claim 14, wherein a footprint of the second
semiconductor die is larger than a footprint of the first

semiconductor die.

16. The method of claim 14, wherein the second semiconductor

die includes a memory device.

17. The method of claim 14, further including forming an
interconnect structure over the first semiconductor die opposite

the second semiconductor die.

18. The method of claim 14, further including:

forming the plurality of conductive vias partially through
a first surface of the first semiconductor die; and

removing a portion of a second surface of the first
semiconductor opposite the first surface of the first

semiconductor die to expose the conductive vias.

19. The method of claim 14, further including removing a

portion of the first encapsulant to expose the conductive vias.
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20. The method of claim 14, further including depositing a mold
underfill material between the first and second semiconductor

die.

21. A semiconductor device, comprising:

a first semiconductor die having a plurality of conductive
vias formed through the first semiconductor die;

a second semiconductor die mounted to the first
semiconductor die, wherein a footprint of the second
semiconductor die is larger than a footprint of the first
semiconductor die;

an encapsulant deposited over the first and second
semiconductor die; and

an interconnect structure formed over the first

semiconductor die opposite the second semiconductor die.

22. The semiconductor device of claim 21, wherein the second

semiconductor die includes a memory device.

23. The semiconductor device of claim 21, further including a
mold underfill material deposited between the first and second

semiconductor die.

24. The semiconductor device of claim 21, further including:

a conductive layer formed over the first semiconductor die
and electrically connected to the conductive wvias; and

an insulating layer formed over the first semiconductor

die.
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25. The semiconductor device of claim 21, further including a
plurality of second semiconductor die stacked over the first

semiconductor die.
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