SEMICONDUCTOR DEVICE AND METHOD OF FORMING TSV INTERPOSER WITH
SEMICONDUCTOR DIE AND BUILD-UP INTERCONNECT STRUCTURE ON OPPOSING SURFACES
OF THE INTERPOSER Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming a TSV

interposer W|th a semlconductor die and bund u[% interconnect structure on OB osing surfaces of the
mterposer Re REVEH D AN HOD OF FORMING TSV INTERPOSER WITH

MICONDUCTOR DIE AND BUILD-UP INTERCONNECT STRUCTURE ON
OPPOSING SURFACES OF THE INTERPOSER

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a TSV interposer with a
semiconductor die and build-up interconnect structure on

opposing surfaces of the interposer.
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



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
integrate&%‘éﬁﬁ@o%d evices include microcontrollers, microprocessors, charged-coupled devices

(CODs), solar cells, angddigital iaigra-pirrge-devicesdPMDRskn a widSendeerdustor devices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electromagifetic'$igitals “EShtfoilint Skt troRit Yevites anSrbPRingPSiiflightto &bttty Sand creating
visual prajeetiofnsifot television displays:iSemiconductondeviees aresfopmnallin the fieldscf entertainment,
communications, power convyersion, networks, computers, and consumer products, Semiconductor
devices arealsd fotnd iR Aifitary appicatioh8  AVidtior ‘Hitdm ﬁvet,qnﬁgsetﬁglrclo%t%ﬂérs?%#d office
equipmentceat i ng Semicendyctorjdevidesexploit theeelectricabpropestiesagfssemiconductor materials.
The atongcé strg%trlljr% 0 gemi ggdggtgr Q:%te?%lua"cﬁ)wf itsEh%Igc@lcgh%%ndufti(\e/irt% tor?% lnglz?nnigglated by the
application of an e%c?nc field ‘o baSé current or rougnh e process of aoping. Boplng infroddces
impurities o thel sermiconductor weatenalrtoemanipulate ahd coktrol thengondectvityaofthe semiconductor
device. onsuA semicggglé%tor de&ice cogtaéﬁsc %%tévedand ggssive ele?rical structures. Active

) e ) o- e CcOon e e a O . .
structures, inclu m% lgljﬁolar and field effect transistors, control the flow of electrical current. By varying

levels of Wopingaard aplication oban electne fieldror aseccuriertcthe trahsistorieither promotes or
restricts {og floyy of electrical curient; PassiNg i pment .

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



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 'pétertRlly Hemdreds drstéps. ErenkRERd Aidititactirifg inVohasthg¥ermation of a plurality of die
on the surtageof asamicgnductar waker-Eagh semicenductangdie istypicallyidanticaband contains
circuits formed by electrically connecting active and passive components. Back-end manufacturing

involves SNGGMRALNG MdividbArs&HRoRGucbPER fromthRB finfehe d AR ahd batkdging Yhe Bto provide

structuraksuppost-and epvirarimeantal isplationy The terma "semicbadycior died asfused herein refers to
both the singular andéjlural for%?of the words, and acco dintgly, can refer to both a s'rLlque semiconductor
f

device and MUTTPIE §emidondinior devicds” S SR §dal of Seémicondubtor fMandfacturing is to

produce smalerisemicanducton devices.cSmaller-deicesntypicajly €basimedass power, have higher

performance, and can be é)rodl(Jeceanjruorg31 efficiently. In addition, smaller semiconductor devices have a
smaller footprint, Which i desirable for Sfafler en pr&?uc?s. A smaller Semiconductor die size can be
achievedranmiprovements inrthie front-endpyodessiresulting in sémidongrciaratielwithcsmalier, higher

density aglive,ang passiye companents. Bak-gnd progesses mav result n semigpnductor device
packages with a smaller footprint by improvements in electrical interconnection and packaging materials.

In a fan-cut wafertewél @h_ipzsca_te [@acﬂ(age\(ﬁmimmﬁ_)@h semicenduyctor dfél_is typcally e_nclosed by an
encapsulagt, & battom huild-up intergannect stciure is formed over the semigonducior die and

encapsulant for electrical interconnect. The semiconductor die, encapsulant, and build-up interconnect
structure aysicallugach havana différeat coefficieneoitheanralrekpamsion (CIE) rHfediffereTIE between

the semiconductor die encapsulant, anduild:up intergennect structure:indyce, thermal stress and cause

warpage during and after encapsulation. In addition, the electrical interconnect between the
semicondi®¥é1Eié and build-up interconnect structure restricts the interconnect pitch and reduces

input/output (I/O) coungne goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller 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.

In a fan-out wafer level chip scale package (Fo-

WLCSP), a semiconductor die is typically enclosed by an
encapsulant. A bottom build-up interconnect structure is formed
over the semiconductor die and encapsulant for electrical
interconnect. The semiconductor die, encapsulant, and build-up

interconnect structure typically each have a different



Summary of the Invention A need exists to reduce thermal stress between the semiconductor die,
encapsulant, and build-up interconnect structure, as well as reduce interconnect pitch and increase 1/0
count. Accordingly, in one embodiment, the present invention is a method of making a semiconductor
device comprising the steps of providing a substrate having first and second opposing surfaces, forming a
plurality of conductive vias partially through the first surface of the substrate, forming a first conductive

layer over ¥ first $Gtace bf fHerulstrate BRILH My EohRécted 18 & EonGI&@NE Vide mounting a first

semicongicioidia ovee tha-first sudace ef-theisubstrate: glectrically cannecigd tg thefirst conductive
layer, providing a carrier, mounting the first semiconductor die and substrate to the carrier, depositing an

encapsulaf 6V& BTt sEfitohdiGor diduSGbdtratEMand Earrie? Srefibvirg d PortiGH BFthe second
surface of the sdbsirate 4@ expose theoeariductive viasy anddarmingan intescenrect strugture over a
surface of the substrate op§osite the first semiconductor die. other embodiment, the present

, In an
invention'i§ B hetEd SFmaking a"Semicondattor &Vics tomptising® fﬁ% %@6 f providing a substrate
having firshand seeord oppasing surfaces farmingsa plusality: of canductive viascwithiartbe substrate,

mountingragrst sem.icondau tor die ov?Et first surface of the substrate, providing a carrier, mounting the
. re gc%s npucfbﬁﬁgu% ) caunt,. . .
first semiconductor die"and substrate to the carrier, depositing an encapsulant over the first

semiconductor die, substrate, and carrier, and forming an interconnect structure over the second surface

of the substrate opposite the first ser’gjﬁ%g(% oggiethe Inv&@qg@er embodiment, the present
invention is a method of making a semiconductor device comprising the steps of providing a substrate,
forming a plurality of conductive vias within the substrate, mounting a first semiconductor die over a first

surface of the substratg, depositing; an gncapsuylant overithe first sggg(‘éo&duﬁ%ot_rmgg%@ngggbstrate, and

forming an interconnect structure over a second surface of the substrate opposite the first semiconductor
die. semhpiothvertembaodimert thepredenttinvanitionds hlsemieohdGctbEdevieé Eomprising a

substrate,and, plurality of copducfive vias.farmed.within the, substraie. A first semicanductar digds ,
mounted over a first surface of the substrate. An encapsulant is deposited over the first semiconductor die
and substa¥e! n iMéeretRAEEISBIAUCUrR S TornRitPoverEEséoorielsurRicessiihe SUBSt&tEBppbsite the

first semigopdugtendies making a semiconductor device comprising the steps
of providing a substrate having first and second opposing
surfaces, forming a plurality of conductive vias partially
through the first surface of the substrate, forming a first
conductive layer over the first surface of the substrate
electrically connected to the conductive vias, mounting a first
semiconductor die over the first surface of the substrate
electrically connected to the first conductive layer, providing
a carrier, mounting the first semiconductor die and substrate to
the carrier, depositing an encapsulant over the first
semiconductor die, substrate, and carrier, removing a portion of
the second surface of the substrate to expose the conductive
vias, and forming an interconnect structure over a surface of
the substrate opposite the first semiconductor die.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of

providing a substrate having first and second opposing surfaces,



Brief Description of the Drawings FIG. 1 illustrates a printed circuit board (PCB) with different

types of packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative
semiconductor packages mounted to the PCB; FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by a saw street; FIGs. 4a-4o illustrate process of

forming a ISV interposer with a semiconductor die and build-up interconnect structure on opposing
surfaces bPtHelterpobarir a1 ity gfG CoRflidtratestart eALB'With the SBRmicoHfictstidie and build-up
interconngst structyre.on Oppesingrsitiacas of the IS\einteipesetie first surface of the

substrate, providing a carrier, mounting the first semiconductor
die and substrate to the carrier, depositing an encapsulant over
the first semiconductor die, substrate, and carrier, and forming
an interconnect structure over the second surface of the
substrate opposite the first semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a plurality of conductive vias
within the substrate, mounting a first semiconductor die over a
first surface of the substrate, depositing an encapsulant over
the first semiconductor die and substrate, and forming an
interconnect structure over a second surface of the substrate
opposite the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a substrate and plurality of
conductive vias formed within the substrate. A first
semiconductor die is mounted over a first surface of the
substrate. An encapsulant is deposited over the first
semiconductor die and substrate. An interconnect structure is
formed over a second surface of the substrate opposite the first

semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with
different types of packages mounted to its surface;

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

FIGs. 3a-3c illustrate a semiconductor wafer with a



FIG. 6 illustrates the semiconductor die having a larger footprint than the ISV interposer; FIG. 7
illustrates two stacked semiconductor die mounted to the ISV interposer with the upper die having a larger
footprint than the ISV interposer; FIG. 8 illustrates four stacked semiconductor die mounted to
the ISV interposer with the upper die having a larger footprint than the ISV interposer; FIG. 9

illustrates three stacked semiconductor die mounted to the ISV interposer with the encapsulant extending
down to thethtetgdserot semicepslugFftstidtes e dtatkdeicdRtusibr 8t mounted to the 1SV

interposer with the encapsdlani extepdingidown alongside sudaegs ebtheiinterposess; FIG. 11
illustrates two semiconductor die mounted side-by-side to the ISV interposer;
interposer with a semiconductor die and build-up interconnect
structure on opposing surfaces of the interposer;

FIG. 5 illustrates an eWLB with the semiconductor die
and build-up interconnect structure on opposing surfaces of the
TSV interposer;

FIG. 6 illustrates the semiconductor die having a
larger footprint than the TSV interposer;

FIG. 7 illustrates two stacked semiconductor die
mounted to the TSV interposer with the upper die having a larger
footprint than the TSV interposer;

FIG. 8 illustrates four stacked semiconductor die
mounted to the TSV interposer with the upper die having a larger
footprint than the TSV interposer;

FIG. 9 illustrates three stacked semiconductor die
mounted to the TSV interposer with the encapsulant extending
down to the interposer;

FIG. 10 illustrates three stacked semiconductor die
mounted to the TSV interposer with the encapsulant extending
down along side surfaces of the interposer;

FIG. 11 illustrates two semiconductor die mounted
side-by-side to the TSV interposer;

FIG. 12 illustrates three stacked semiconductor die
and one side-by-side semiconductor die mounted to the TSV
interposer; and

FIGs. 13a-13b illustrate a PoP arrangement with

semiconductor die mounted to the TSV interposer.



FIG. 12 illustrates three stacked semiconductor die and one side-by-side semiconductor die mounted to
the ISV interposer; and FIGs. 13a-13b illustrate a PoP arrangement with semiconductor die
mounted to the ISV interposer. 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 alternativepgvadifieatimiss endoibrdl o stsampy Heingyded 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 Prod¥sses Front e manlifacturitiet&id BEEk-6Hd s Factlinhg. Front-end
manufacttingdnavelvesstherformatian of awluralityeof cie po ibe sutfase oéasearicenductamwafer. Each
die on th% wafer contains é}lctiv% axd assive eleitrical componq:nt which are electrjcally connected to
form functionar &iéetrical dircuits. Atfive efettrica (S:OI”rn%%ﬁgl’S]teS?SUC 8s transistors and diodes, have the
ability to ednrirelrthe flowndfielecttival cutkent.tRassives eléetrical bemiponentsysucto as capacitors,

inductors, re elﬂst]g[jsﬁ agcgﬁéaﬁrggc%r{r%necrﬁécrfg\t% a {(?nggors\srggjbee(t:vgci%ne \S/(,)Ital%e %I‘ilq fuggnt necessary to

perform gigc rical circuit
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or

thermal diffusion. The doping process modifies the electrical



Passive and active components are formed over the surface of the semiconductor wafer by a series of
process steps including doping, deposition, photolithography, etching, and planarization. Doping
introduces impurities into the semiconductor material by techniques such as ion implantation or thermal
diffusion. The doping process modifies the electrical conductivity of semiconductor material in active
devices, transforming the semiconductor material into an insulator, conductor, or dynamically changing

the semiCSHfticEdr nateYiaPCortfietiv iy fHespbnBé 16 an lectfic il ofbadecitfeht. Transistors

contain regigRs ebyarving ypes sadidegiees obdoping armangedmasonecessaritoenable the transistor to
promote or restrict the flow of electrical current upon the application of the electric field or base current.

Active and PEESRECEomBOnENE HPe Forad 6y fHy@1< 8f inateri i WiR UiffSTent elfttfcat properties. The
layers candiediermedhyya variety of slepeosition dechiligues-determisnes iapastiy thestyperof material
being deposited, For example, thin film deposition can inyolve chemical vapqr deposition. (CVD), physical
vapor de%gﬁﬂgﬁ‘ BIDY, siedirGlytic pRAAG End eletirbiesshlatiny Srott segsef%ra%%ﬁaﬁ ris generally
patterneditecforig portiansyefiactiyencorepenants tpassiveodamporents sorsdlecisicakconnections between

components. . 'I'thethggertsjf]can beE pa?grnced.usirig ghotolithaogéa%ry, %hiCh invi)lvestthe deposition

of light séjnrsitlrveesr%]éf'ecnal, e.g.,p %Vorgsls?, over ﬁ%ecf%lyer 0 be rﬁattei%ed. ﬁat?é? is transferred from a

photomaskK ta:tive phigtortesist usingllightrinterreeembodiment, the portion of the photoresist pattern
subjected to light is remaoved using solventvex osin lE)ort'ons of th% underlyi Ieiyer to be patterned. In
another embodiment, E#p%‘ft?on%ﬁh%% Soltoreesrlgs?rg%%terennr]%gt sau]:b?ectgé to |gf§t? theaxgé:astivoel)%hotoresist,
is removeeh tsingaal solvent) expdding pottionsofithe aaderyingdayerde be patteraed ckse remainder of

the photqresist is remayed, leaying hehind a patterned layer. Alternatively, same fynes of aterials are

patterned by directly depositing the material into the areas or voids formed by a previous deposition/etch
process sing téchnidifeststich & eleetreless hndeglearolygtioplating.: For example, thin

film deposition can involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light. In
one embodiment, the portion of the photoresist pattern subjected
to light is removed using a solvent, exposing portions of the
underlying layer to be patterned. In another embodiment, the
portion of the photoresist pattern not subjected to light, the
negative photoresist, is removed using a solvent, exposing
portions of the underlying layer to be patterned. The remainder
of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly
depositing the material into the areas or voids formed by a

previous deposition/etch process using techniques such as



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 wafeFdGiridf Paishing: TheScSifibihed hrechdnicH 5fon of the abrasive and corrosive action of the

chemical removes anyrigpgulat topogsapys fesulting dradaitermly flas sutface, exist iBack-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for %ﬁ%@ﬁﬁalcsadb POFEERTEAVIForméen AP RGatidh o RiHduTatR R SefficoHdtctor tid: the wafer is
scored aneh brekeniglong sonsfunetional regions of henwvgfer called saw=stkeetss orsefibiesedheavafer is
singulated using a laser cutting togl or saw blade. After singulation, the individual semiconductor die are
mountedts A acc?aagashggﬁafaentﬁafnf%ﬁj %rbsiﬁsIA or ggr?rg%fj pade fof inteFonRetion With other system
componemtsufcontactspnadseiosmed oxvet thensemiconductee diecarerthenconnectedita lcontaet pads within
the package: The electrical.connections can be mads with solder;bumps. stud bumps, conductive paste,
or wirebonds. An encapsulant or other moléﬁng rhaterialis 0%p03| ed over'the package to provide physical

support eéndeelectricaltisolation vbie finished peickage tshtheaumnserted info ahelectrical system and the

functionaljy,of the semicanductor device s mage avallable o the.gihey system.companents. . FIG.
1 lllustrates electronic device aving a chip carrier substrate or printed circuit boar a( C 13 2 with a

plura_llity cfdsepdicordudter pamdé_ges mdurited Oma_ifsesurmceiﬁqie@mkﬁ@devige _50Tda$1 have one type of
semicondycior;package,.ar multije types of semicondugtor packagesdepgnding ga the application. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
Electronie fevice 30hean be h standatoheasystémthgiuses thetseiephductorpadkaes téperform one

or more elegtrigal fupctions. 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), dtdstiercalecifarie EpAimunitaticitdeviee tAIteTRATVElY, léctronic device 50 can be

a graphics;card.inetwosk Inferfage, cand or pther,signal proggssing carddhatcan e Ingerteddnto a
computer. The semiconductor package can Include microprocessors, memories, application specific
integrated it aHs: RS ) Clogiccifits SAAANBE Tt tits HRIP @iréuits] distrete RVItEst &t other

semicondugtardie o electrical components. iMiniaturizatiomandweight reduction are essential for these
products to be accepted by the market. The distance between semiconductor devices must be decreased

to achieveHigiét derdityr °ken aoRE 1O PCRB2 provides Bgereral SUbstrate 7 Stictural support
and electrigah latereamneat .of thes semiconduptos packages,mpeintedson theyB CB: &Longuictive signal traces
54 are formed over a surface or within layers of PCB 52 using evaporation, electrolytic plating, electroless

plating, sLASSH pritting BF oftfe? Sutabie HHetal A8Fositibrt priceSs Syl raBes 5% provide for electrical
communicatiar betweaenseadh-ohthesemicanducioepackagesdmosiniedbeemposentspand ate

that includes pins or contact pads for interconnection with
other system components. Contact pads formed over the
semiconductor die are then connected to contact pads within the
package. The electrical connections can be made with solder
bumps, stud bumps, conductive paste, or wirebonds. An
encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made

available to the other system components.



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. In other embodiments, a semiconductor device may only have the first
level packaging wherethé€ dietisimésidmicdiffarft-glebiicaty nibuntss drcthipib'the Pcship For
the purpaserefillustation: severablypgs of fiest level packaging.rincluding) bond wirerpagkage 56 and
flipchip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball
grid array’ EBJéﬂ)l 66Yb(rhp HHIp CLPRY BEE) B2CHALAR- MR PHKEg8IDIP) 64 Yard Ghid array (LGA) 66,
multi-chig medtde (MOM)L8, cpiad(flat snonteaded package QEN) 76 and uadtlat paskage; 22, are
shown mounted_on PCB 52. Depending upon tg: system requirements, any combination of
semicondtctHgacages "ddtigured ﬁ%ﬂ% any ¢ Lh%iﬁﬁtigﬁ gfﬁ‘r%? and %%Egﬁl f&vél pAckabing styles, as
well as othep elecironiccomparents fcar betconpeetedda REH b2o hisame enlaadimeants, £tectronic

device 50 i}ncludes a Lgijflgle ?ttafched semiconductor [l)%ka&e while other embodiments call for multiple
. S ?%P 1q( . Oﬁi urposes o U fatlon. .
interconnected packages. By combiningone or more Semiconductor packages over a single substrate,

manufacturers can incérpordateprémads compdhentsnintoeelectstricdlevicesarnlsystemshBeécause the

semlconqluscet%r @%cekaggr% inc%l%%% ggg@lstlcatgg fur%ctlonallté(r%lgggoglg devices can be manufactured

. ac e Fo or more .
using cheaper components and a strearﬁjllned r%anu actL}Drlng process.el'he resuﬁlng devices are less
likely to fail and teésseexpansiveitormmanufacture resultiing in a éoveertcost ifor densurmers) can  FIGs.

g‘éé%zh%‘@ exemplayemicnductor packages. ElG.2q lllusgratesdudhen detall pf PIE §4;mounted on
.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 computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. Miniaturization and
weight reduction are essential for these products to be accepted
by the market. The distance between semiconductor devices must
be decreased to achieve higher density.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52
using evaporation, electrolytic plating, electroless plating,
screen printing, or other suitable metal deposition process.
Signal traces 54 provide for electrical communication between

each of the semiconductor packages, mounted components, and
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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, SLER asSaflmiitit (BY) CoBpePEN iR tSn), nickeFaNi), Jold tAG), oF V&I ARY Y4rd are
electricalyreonpesteditodber et elementsdauned withitesersicongHeter die- 74.lukrg assembly of DIP
64, semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesive material such 8s fr8HnaTBR8RY BF BhSxy fesit e PAMKagR by IhEidRE ntikSulative
packagingamatesiahsudh-as pelymer iar ceramic: Congurtor leadsi80 and hend wijtes 82 provide electrical
Interconnectﬁgtween@emicondugor die, 7%%$d PC%B 52, Enca@ ulant 84 is de os{ted %er the package
for envirdhRTeIAI SidtectioR sy Sreventing folstufs SAd Partities fromEhtsing e package and
contaminating seateenducter dia 7dierbondowires82level phkka2hi Hystrates fuether detail of BCC 62

mounted on PCB .52. emicoadu%gr ie.88 ? mount;g:d qver ca%eg 9i0ng[1‘seirrlg1 an ur]CderfiII or epoxy-resin

adhesivemr(relg{éarlrréfﬁi Snd Wires 4Cprro%/|c e fllrgt faé%eﬁﬁacjka%ing fAterconnect between contact pads 96

and 98. Moldirtgecatfipound or entcapsutariid@nis meppsited overcsemiconductor diec88 amag bond wires

94 to pm\éi% I‘g%cg! %%p%rg %Q% e eec\tfriﬁdal i%oé%téonig)(g tpﬂ gg\éic%h eCocpiféctipsads 192 are formed over a
surface o B 52 using a suitable metar egosmor?process such as electrolytic plating or electroless
plating torprebentioxidatiors :@bredctpadscEOR arevslectricdlly¢omrected toond or Ridie conductive signal

traces 54 in PCB 52. Bumps 104 Bﬁgé@gdoq?t‘ﬁ’??ﬂ gontact pads 98 of BGC .62 and contact pads 102

of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106
with a flipchipsstylesfirst |eve Fackaing. Attive degion 108 bfsemticondiictordies 8 echtains analog or

digital Cir@qiz%@mtsm%teda@% active,deyiresqassive deviges, conduatiye layers-and digledtric layers
formed according to the electrical design of the die. For example, the circuit can include one or more
transistorst dRRIeSNAdLEIHPS, Cpakrers) fesistbrs. ehettherditcuiraldmentswitHiBCdetive tegion 108.

Semicondugtor die;38 is-glestricallysand mechagically connected ta cayier 106:through bumps 110.
BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bupsd 12* Semiddidtictéridie B85 BlediridalpOnhe cted s conductiveSighaPtraced’s4 in PCB

52 through:bumgs 440k sigaal lines) 114 andumps d 121 Aineldingcpmpound eeengapsylant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation

for the déWReE! T%H fpchibSenficondifis dEVice PRRAUES'S sRd efdttiEal ¢bhatictorpathfom the

active devisgs Dh-semicopduciendieRBita-erdusiion impeks oEBRZBDrderto reghice signal
propagation distance, lower capacitance, and improve overall circuit performance. In another

embodiment Ih8 Zeniilortfuctdrdi& 58" ¢hrhE fHEthhnicatly BRG IECHEaIR ‘dormietétPdifscty to PCB 52
using flipebipstylefirstlevelpackagingrvithott intermediate-carsiend06ed to PCB 52. In

some embodiments, electronic device 50 includes a single
attached semiconductor package, while other embodiments call for
multiple interconnected packages. By combining one or more
semiconductor packages over a single substrate, manufacturers
can incorporate pre-made components into electronic devices and
systems. Because the semiconductor packages include
sophisticated functionality, electronic devices can be
manufactured using cheaper components and a streamlined
manufacturing process. The resulting devices are less likely to

fail and less expensive to manufacture resulting in a lower cost
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FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by 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. 3b shows a cross-sectional view of a portion of
semiconduttor WA 1205 Each semiconductor die 124 has a back surface 128 and active surface 130
containing analog or digitakcircrits implamented asactive devicesepassive deyisegacanductive layers,
and dielectric layers formed within the die and electrically interconnected according to the electrical
design afd fimctidn of 1 Gie® EBF eXAmple: th& Girédit miay iRAGd8 briBBH R FandiStors) diodes, and
other circsdirelementscfosmed wthin activel sddaces 130 ta implement analegraircuits 04 digital eigcuits,
such as digit ,si%nal rocessor (DSP), ASIC, memory, or other signal processing circuit. Semiconductor
die 124 riky S5 Cohtaif e tEd BASURR HeuRasTPBS: Slch 46 ditorsP e4acifors, and resistors,
for RF sighat precessinghdimonewmhbedimesnt, semicanductartdied 2daigarflipchipriype semicanductor die.

An electrlfcgllly ggdugi eal%ere %ZCiés rfg)rrgﬂ over %(étirveosuréaccge%soaléscigg(fiVD, (EVD l&Ieectrolytic
plating, e ectroless r‘?la ing process, or other stitable meq[apgeposmon process.r@on(fuc%lve layer 132 can

be one oemore fayers ofldl Gy Sif, NihAudAg,.or 6ther suitalié electtically iconductiveamaterial.
Conductl\l/% Icalyx?% 132 gperates as contact S}:1aol§ (;_chtrlg{algl cé‘%nnect%d thttgescwcugg on.active surface

d I/ 14 . 4 .
130. Contact pa S 132 can b(r-:-n?jfs%osg I%ldles-b)(/j-sm'e a first distance from the edcge 6 semiconductor die

124, as sh@ﬂmahCFﬂs‘ BQDAIt@rtFiaﬁyely,i_mmiaCt pddsnE32 eaf @er@ﬁfée_wﬁrtﬁmunipitélﬂ)vwsamthat a first
row of coptact pads is disposed a first distance from the,adge of e 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.
Sc, semiéandtictorafafern204s singuleadd thraligh Saahstrset APenisinga saw) bladeripéaser cutting tool

134 into ipdjyjdual semjcopduciordie 124y ), 5o161G%fp; 4@ Hlusiratg, in @lgt)ien i1R1Gs- and
2a-2c, a process of forming a TSV Interposer Wlt% a semiconductor die and build-up Interconnect

structure DFFGPPOSHTY SUTfacEs iahe Intefpdser. FIG. AalshGnSRIRRficiiiuetsr wafer bf substrate 140

containing4,hass, material, such as;silicen,, germaniunagaljumarseride 1indiun phgsphideor silicon
carbide, for structural support. Alternatively, substrate 140 can be polymer, beryllium oxide, or other
suitable 18Wecokt, rigid MRatRASFfoF Straétutdl 'stppeft L StiBstrate teorhaSopsd<ing Sufadés 142 and 144.

silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and bond wires 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating semiconductor die 74 or bond wires 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. 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.
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In FIG. 4D, 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 surface 142 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 144 provide
structural support for the substrate during subsequent manufacturing processes. In FIG. 4c, vias

146 are fiiedVAHFAR TS S Ni2AG, AGIfafiuRY 8, fingste@), poly-Siicort, dtothér uitable

electrically.cangdictive.sraierialdising elestolytie piaings electrolessplating pracess jar-athagsuitable
metal deposition process to form z-direction conductive vias 148. In FIG. 4d, an electrically

conductiv¥ la§&F 156 fsHformed Vet R8rfale 48 6t ShbSFate 4t ising PV AEVDP ikt rdRfic plating,

electroless-plating precess) ok other suitakle metabdepasitian peocessdGendueiiveilayer 150 can be one
or more Iggers of Ag,4Cu, Sn Ni,g%u, Agg or other S&Jitable %Jectric Igﬁg%nductive material. Coﬁ[l:ductive
layer 150 6perates as ¢Bntach nads or (hd&Fburips AietallizAtion Ji&yRr forEiéétcal iR reonnect.
Conductive layerds0 aso inctudesedistripution lagersq RA)mnebz-direction conductive vias for routing
electrical signals horizantally and yertically through substrate 140, Qne portion of conductive layer 150 is
electrically connected (t%%coﬂr% ui:tivyeC Via%efﬁfa??iiﬁBF 68%0%% %f%ognéﬁctﬁ/%ﬂggéer 5%3 can %g%ﬁlectrically
common oo eiectrcallydselatedodepeneling Ok the design ahddfuhdtiors bfysemiconductoe diel124.

An insulatingkoar (gassivati n, Jcaly\ger 1]_55 ig g%rml%o%efr syerggfgolégugtsgrbsg%e %@0 gnd around conductive

layer 150p33|ng VB{'CV , printing, spin coating, spray coating, sintering or thermafjg%aét?osn. The
insulatingelayép $52 codtaing ede ok more tayersiof silicoh eibxide (Bi02)y silidon hiteide (Si3N4), silicon

oxynitride, (JION), tantalum. gentoxide (12203), alumipum gxige (A203), qriother material haying similar

insulating and structural properties. A portion of inSulating layer 152 is removed by an etching process
through & photorasist layeri(hot SRewhtocexdbose conduetivelayefl180. For epamclde, ah<lectrically

conductive; bumpimaterial is depesited over the.expased,portien, ptcondugtive layer 450:using an

evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump

material €&pPpeitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 1is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flipchip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flipchip style first level packaging without

intermediate carrier 106.
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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 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. Bdifips A154"als6 beCohmressioh Bontiddes cbrubtiveiagePE5E Bumps 154

representane tyRe-ef intereennect structuse tratLande formed ayereandugtivedayerils0. The
interconnect strycture can also use stud bump, micro bump, or other electrical interconnect. Th

e
combinafidr 6 s\ iSstraté' S5 "caHHuEVe Vs 148, THhGEiveTAyE 150, ifSHlatiid IHyEF182, and bumps
154 consgtiie shroughmsilisonnda (ESVhinterpaseibtictor dila RAG. 4tseprieonductoradie 424 from
FIGs. 3a—F3c are 4nounted o Interposer 156 usir(l?g % épic,k and place oY?ejgation with active surface 130
oriented foward the Thtfposer. BumpS 184 Aré Tefidved foEledttitalli tohnEdt Edndticiilayer 150 of
interposest 166d0 condactive layeri3dofisamiconductswdies 1 24.Fl6. Uypshaws semicontdudtoy die 124
metallurgicallg antd electrically %onnected to&tergoser 1%6. ArjsgBtionacl underfill mgterifll 157 is deposited
under semiconductordie 122°°° °"mF .%,?rﬁe?qp%s%ﬂ is éfﬁg&a%él with saw blade or laser
cutting toet 158 ntdundividudlidie/iatérposer assemblies 160, each die/interposer assembly including a

semiconductor die 124 pg%loghof mtegpocser%g@.sectionganlvc-:‘l.e4wl, gftegnpr%%r%/isourpsggte or carrier

162 contains sacrificial base material sucfi asrsﬁlcon, polymer,
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
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 flipchip type semiconductor die.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.

Contact pads 132 can be disposed side-by-side a first distance
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beryllium oxide, or other suitable low-cost, rigid material for structural support. An Interface layer or
double-sided tape 163 is formed over carrier 162 as a temporary adhesive bonding film or etch-stop layer.
The die/interposer assemblies 160 are positioned over and mounted to Interface layer 163 and carrier
162 using a pick and place operation with semiconductor die 124 oriented away from the carrier. FIG. 4]
shows die/interposer assemblies 160 mounted to Interface layer 163 and carrier 162. The die/interposer
assembli&s 180 THEuMEE To CarE 6> CsHtitE aretonfiduredSvateP "™ 11 HAEIG3kk, an
encapsulant er-meiding compeund Jéd is wafer-leyelkdepasited aves andrargund disliaterpaser
assemblies 160 and carrier 162 using a paste printing, compressive molding, transfer molding, liquid
encapsul3HtmoldiAg, vacttihPlanfif4tsH, spifE64ting B dthet stitaBRS&5bIitafor” Ehcapsulant 164 can
be polymei semposite materiale Suelyas €poxy éesin avithofiler cepoxyactylate.wilh filern ©& golymer with
proper filler. Encapsulant 164 is npn-conductive and environmentally protects the semiconductor device
from exté?ﬁglselgﬁn%%fsn ahd Egnt‘ﬁ:htiﬁaﬁr}%? 1ESYFRIE. A, lﬁ(?r%% Bf the’ 6488 haterial of substrate
140 is rembyed hygrinden 16640 @xpese conductiveevias 148. FIG. 4m shows die/interposer assemblies
160 covered by encapsulant 164 after the grinding operation with uctive vias 148 exposed from
substrate 140. %H Fﬁé an ?ac buﬁ&ﬂ%ﬁ%fle%%ggﬁerct V%f‘rg\é urf&L 8is fosr%nne%f%l\?gcreﬁ,urface of
Interposeriibéugpposite semieenductor die 124 . I hedwildippmterconaectistructuréri®8tincludes an
electrical% nldrycgvelrlla f\rz%ga L 1@%{0@%1 Léscigg aoplaettqaigg and metal deposition process such as
sputtering, e ectrglytic plating, and electroless ﬁfatlng. Conductive layer 170 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, of 6therskuitableidléctsicaly eanductive inatesial. CorndlUGtive layend 704dncludes
horizonta) and yeptical padions far,eleetrieal inferconneet, One portion pf condugetive layer1701s
electrically connected to conductive vias148. Other portions of conductive layer 170 can be electrically
common & electdcdiyidolatael degeridingon e desigatandfunctiorrebsemizondudterdie 74,

the interposer. FIG. 4a 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. Alternatively, substrate 140
can be polymer, beryllium oxide, or other suitable low-cost,
rigid material for structural support. Substrate 140 has
opposing surfaces 142 and 144.

In FIG. 4b, 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 surface 142 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 144 provide structural
support for the substrate during subsequent manufacturing
processes.

In FIG. 4c, 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
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An insulating or passivation layer 172 is formed around and between conductive layer 170 for electrical
isolation using PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation. The
insulating layer 170 contains one or more layers of 5102, SI3N4, SION, Ta205, Al203, or other material
having similar insulating and structural properties. A portion of insulating layer 170 can be removed by an
etching process through a photoresist layer to expose conductive layer 170 for bump formation or

additional paEKAGE Intera6RRECctSFRe BUitd-tpInteresiett sftticturd 168 38 éfettticallfebAnected to

conductive-layer $50,-byinps d 54, ard semiconductas i 424 by way-efieenductive vies.148. In
FIG. 40, an electrically conductive bump material is deposited over build-up interconnect structure 168

and electrically connectéd fo-fhe éXbosell poHis bf Eonduette T 1765usiAy §h eVvaBortion,
electrolyticoptating eleetreless plating sbalbdrapaios seween printingspragess/Ihedwump material can be Al,
Sn, Ni, Au A% Pb, B1, Cu, lj[older, and combinatjons thereof, with an (éptional flux solution. For example,
the bump haterial tih be EUtaEd Sh/Ph, High-fest Soldler of Eadkireé Soitier CFhé bt material is
bonded tecondudtivedayer 1 42 usint)tai suitabte attachmenbechending pteoess. bone-emboediment, the
bump material is reflowed by heating the material above.its melti oint to form balls or bumps 174. In
some apﬁl?c%ti%ﬁs%jlfr%pdsl %ﬁrasfe ?gﬂcgv?v[éd?%’ecgﬁd tilrg;llé to Lrlriprr}(%%Pé e?erctr?(%f ‘Tontact oakc)oggl%uctive
layer 170= AeUBM layel ga bedommed endetbumps 174CBumpstlizzcdm also e Oompressicrsbonded to
conducti\{,jeslaggg1 %70 Burgﬁg 1&?r represent ane type fa Ipterconnect s%r&g%lre fhat canf%er formed over

. ) ump s 1Zatl e’ .
conductive layer ?‘StT e Interconnect structur% can also use stuc?Bump, mlcroal}/ump, or other electrical

Interconrettctri caJSeimit:@ndgmf die- 1243areigiﬂgdf|medwgmgﬁ éﬁca@s&ﬂad@@m build-up
Interconnect sttucture, 168 with saw 9'69&&9'%%@0%% fool 178,into ndividual EoqWLCSE or

embedded watfer level ball grid array (eWLB) 178. FIG. 5 shows eWLB 178 after singulation.
Semicondeetbi die B2 stalectitalfi enmettéd thraaght bliiipsal Bl contictivellayéh 50 Hnd

conductie,yias 14810 puild updntercannect strysture 168 The Interposer 156 with conductive vias 148,

conductive layer 150, insulating layer 152, and bumps 154 provide a simple and cost effective structure
for verticaHIAtErEdsiTect Bf SemicsHatetor die 224 74s Wéft asietficiéftpackabestadiand itbagh the

conductiverlaysrsofthe Jaterpgser anggouilgdup, Interconpeetstructureck, Singe Interposer 156 can be
made with similar material as semiconductor die 124 and build-up Interconnect structure 168 is formed

over a suPfaee 'of e IntErposet BpposifteRrsehidoRdudtbF diéSacPan s ufatit 464 thePihterposer
negates Glg mismatchhetween the semiconductor die and build-up Interconnect structure. The
Interposer 156 operates as a buffer between semiconductor die 124 on one side of the Interposer and

build-up Interconnect trictdtd W8 o dn VppBaits side ofthe Hitdfjoskr fo retuce WapagéeThe
InterposesI56-prevides fine pitehavertical Intercannechiossemicenducteridie 124 suitabkeofor high 1/0

count applications. S , , , , ,
using PVD, CVD, printing, spilin coating, spray coating, sintering
or thermal oxidation. The insulating layer 152 contains one or
more layers of silicon dioxide (Si02), 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.

In FIG. 4e, 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
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FIG. 6 shows an embodiment of eWLB 180, similar to FIG. 5, with semiconductor die 124 having a
footprint larger than Interposer 156. Semiconductor die 124 extends over the outside dimensions of
Interposer 156. Encapsulant 164 extends down a side surface of Interposer 156. FIG. 7 shows an
embodiment of eWLB 182, similar to FIG. 5, with semiconductor die 184 mounted to semiconductor die
124. Semiconductor die 184 originates from a semiconductor wafer, similar to FIGs. 3a-3c, with a footprint
larger thdh-semitondtictof die £24 aRB infetpoder 158° SefficortitittGr e 182 ¥ back surface 188
and activersuiriase , 199icantaining-analeg or digital eisauitsilpplemepted-asaglive, deviees, passive
devices, conductive layers, and dielectric layers formed within the die and electrically Interconnected
accordin§\td- fetéictrical &@si&ﬁ‘éﬁﬂ?&ﬁct%h/ 6fthe Ui o e@ntisie AR cirthit hia Intiiie one or
more transistees; diodese andmthergikctitelementsfionmed vathid aative: swidaces1,26-ta Boplement analog
circuits or digital circuits, such as DSP, ASIC, memory, r other signal processing circuit. Semiconductor
368 2 RE

die 184 mdy af$oontai , SUCHSE THAkLSHS, GapKeitdrs, RhdTesistors, for RE signal processing. A
plurality efntontactpads 1192ds formpedaverradctive istirface 190<andbelectricallygonhected to the circuits on

the active surface. urality of bumps 194 is formed over_contact pads 192..I1n one %odi nt,
sormondio AR Lo A T S Cat Etor e oo B R R e il 196 i

formed thromgh spmicaenductordie R2dptypicadly at the-walerdevel in FHGsr3a-8bpfor zedirection vertical
Interconnect. Semichglé tor diell84 IS mggn%ed to semiggnductgr digrl%%i.th bHH}J?S 1%45q1etallurgically

mprove cal conta ond e .la . . .
and elect%lcgllfy connected to conductive vias 196. Tn one erﬁgodlme%t, semiconductor die 124 is a logic

devipe oranPa_elmbsémic@gmamﬁ d@m&@h@lﬁ@m@ry@em@isierﬁicéﬁd’@morldi@ -18/Bextends over t_he
outside dﬂ@%”%%ﬁ*&éé%@'c&?QUE?FBGQ'ga%Z‘iﬁEQr'BE%B%S&r 156, Facapsulant 164.extepds down a side

surface of Interposer 156. shows an embodiment of eWLB 200, similar to FIG. 5, with
semicondictoredie 202r 202nang 208 stdckedover Semiddrriucrdradie a24< Semidondtictordie 202-206

originate from a;semicandugtor wafer, similar.fo,FIGs, 3a-3¢, with,a footprint larger than semiconductor

die 124 and Interposer 156. Each semiconductor die 202-206 has a back surface and active surface
containingTerafey 8P digital circuits Implemented as active devices, passive devices, conductive layers,

and dielectric layers formed within the:disandrelecticaly, iIntercopnected accerdiag o the elegtrical
design and function of the die. For example, the circuit may Include one or more transistors,
conductive layer 150, insulating layer 152, and bumps 154

constitute through silicon via (TSV) interposer 156.

In FIG. 4f, semiconductor die 124 from FIGs. 3a-3c are
mounted to interposer 156 using a pick and place operation with
active surface 130 oriented toward the interposer. Bumps 154
are reflowed to electrically connect conductive layer 150 of
interposer 156 to conductive layer 132 of semiconductor die 124.
FIG. 4g shows semiconductor die 124 metallurgically and
electrically connected to interposer 156. An optional underfill
material 157 is deposited under semiconductor die 124.

In FIG. 4h, interposer 156 is singulated with saw
blade or laser cutting tool 158 into individual die/interposer
assemblies 160, each die/interposer assembly including a
semiconductor die 124 and portion of interposer 156.

In FIG. 4i, a temporary substrate or carrier 162

contains sacrificial base material such as silicon, polymer,
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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 202-206 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 202-206. In one

embodimeft, YsehitBnduicttdie 2022566 are HibtAip 'ty pe SBRficoHductordis. ™ater 14 bidrafity of

conductive-vias 2084s fermashthrqugh semicosdustos diey 124, typically:pt theswates levgbin kiK3s. 3a-3b,
for z-direction vertical interconnect. Likewise, a plurality of conductive vias 210 is formed through

roug
semiconduttdPdiBSd 20 4Rl SHILFAIRY of Eondiittive VEEPPIA s %oRIBE THrotigh Yemicshductdr die 204
for z-direstiore venicaklntercagrect. Semicantkeictor ie 202 45 mosskedbtoi semicenduetor die 124 with
bumps 214 metallurgi ally] and electrically connected to conductive vias 20%8 Semjconductor die 204 is
mountedts %éﬁ@éhd%c?ored?e 232 \ﬁ\fﬁlgﬁr%élstﬁG%Efeaﬂ Rjically and ele tHcAlly cHRNécted to
conductivesias 210g Semidenductar gie 206 ismauntedto semicondudtos wie: 204 withikumpg 218
metallurg(i)q:qlllg acned delectrical %onr)cehcéed to conductivg ;/&;(?6%12.3!{4 Sne ec{nb(}dimcent semiconductor die

124 is a logic device 6r D8P and semiconductor die 2 are memory ééeviééls.eéféprﬁfé%ﬁductor die

202-206 exteadoves the 6ltsideudinehsionsioftsentieorductoredie k2l and!intenposer 156.2Encapsulant

164 exter}%s dawn .sigg S rfgce of Intgr er 153. FI% 9Cshows an eml;l iment of eWLB 220,
similar to % %?%it ns.erﬁi 8n§l]:ct8rs gier%%SZlgnsd 82 sgtnéjc Iéaeover%ercnzilcrornloIeu]E:tor ie 124.
Semiconducter dieu222 and 224 ofiginate froma dssemiconductor wafer, similar to FIGs. 3a-3c. Each

semiconductor die 2_221%2%9%5: a@quasfyrgqgﬁgﬁgp{g syface 199[‘529"”?98 : ngo&gigitgllscircgit;
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed within
the die am@ &factrically Intéearncetst ascordingioahe elettidat desigarabimcons oftheldie. For

example. thg clighit gt includecone, g mors apsistors, dipdes, andalher claul lements fomed within

the active surface to Implement analog circuits or digital circuits, Such as DSP, ASIC, memory, or other
signal préées3migéiréiit! Seiticonduticridie 222r224 fray disd Eoftan Fys! EhchaBlndbéters,

capacitorspand resistors; foLRFsignal peocessing. Aplyiality of contastpadssis farped gyer.the active
surface and electrically connected to the circuits on the active surface. A plurality of bumps is formed over
the contadet pafs 18t EentieBRATSFARPZ2E224. In Bie eRBodiRteht, Sémtbnddétior T111er,

epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 164 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 41, a portion of the base material of
substrate 140 is removed by grinder 166 to expose conductive
vias 148. FIG. 4m shows die/interposer assemblies 160 covered
by encapsulant 164 after the grinding operation with conductive
vias 148 exposed from substrate 140.

In FIG. 4n, a build-up interconnect structure 168 is
formed over a surface of interposer 156 opposite semiconductor
die 124. The build-up interconnect structure 168 includes an
electrically conductive layer or RDL 170 formed using a
patterning and metal deposition process such as sputtering,

electrolytic plating, and electroless plating. Conductive layer
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die 222-224 are flipchip type semiconductor die. A plurality of conductive vias 228 is formed
through semiconductor die 124, typically at the wafer level in FIGs. 3a-3b, for z-direction vertical
Interconnect. Likewise, a plurality of conductive vias 230 is formed through semiconductor die 222 for
z-direction vertical Interconnect. Semiconductor die 222 is mounted to semiconductor die 124 with bumps

232 metallurgically and electrically connected to conductive vias 228. Semiconductor die 224 is mounted
to semicondUctsi di® 222ittP bufips 234metafiurfically afdieledttically cofifectdd to @bnductive vias

230. In ope esadiment semicenductardie 12448 @degicdevice-er-DSP andsemicepduetor die 222-224
are memory devices, In this embodiment, encapsulant 164 extends down, a side surface of Interposer

156. Laye¥c 118 shBfs Hheaembadintstt o WS 2467 Sindiat t& BTG 281t Sémiconductor die 242

and 244 stasked ovarn semiconductos die. 124 rsemicopduetos diec24iand 244 arigjrate from as
semiconductor wafer, similar to FIGts. a-3c. Each semiconduyctor 9|¥ 242-2%14 has a back surface and
active suffac& thAtaining andiBy 6r digital CirchRS Hiprehtentdd As active dBVites, Padsive Bévices,
conductiveflayersjand idielectiicdayars formed wathinl thetdie andlefectriealbyninterconnected according to
the electrical design and function of the die. Fqr. example, the circuit may Include one or mare transistors,
diodes, BPOEr el a A oG Sa e B S e (B S aioh s of digita
circuits, sushiasoD8R¢c ASICdmenidry,. or other signal processing circuit. Semiconductor die 242-244 may
also contain IPDs, SUZE as.Indu%tggsigapacitorgsand r sjistors£ for RFﬁgfai r(%coel;s%iGncg. A plurality of

. n ns a €] avye .
contact pads is forme ovelr '[I"Ié;l active gur?é:cé)angleiéctrlcarﬁy co%ngcted to the circuits on the active

surface. Aphwatityeafbupspsiissformed dvet theecdritaetpadsfof semiconductor die 242-Pa41 mone

embodiment, serigendugiar dis,242-244 are flipchip type semiconductardigs g, sintering
or thermal oxidation. The insulating layer 170 contains one or
more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties. A
portion of insulating layer 170 can be removed by an etching
process through a photoresist layer to expose conductive layer
170 for bump formation or additional package interconnect. The
build-up interconnect structure 168 is electrically connected to
conductive layer 150, bumps 154, and semiconductor die 124 by
way of conductive wvias 148.

In FIG. 40, an electrically conductive bump material
is deposited over build-up interconnect structure 168 and
electrically connected to the exposed portion of conductive
layer 170 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 170 using a suitable attachment or bonding

process. In one embodiment, the bump material is reflowed by
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A plurality of conductive vias 248 is formed through semiconductor die 124, typically at the wafer level in
FIGs. 3a-3b, for z-direction vertical Interconnect. Likewise, a plurality of conductive vias 250 is formed
through semiconductor die 242 for z-direction vertical Interconnect. Semiconductor die 242 is mounted to
semiconductor die 124 with bumps 252 metallurgically and electrically connected to conductive vias 248.
Semiconductor die 244 is mounted to semiconductor die 242 with bumps 254 metallurgically and

electricalljFéontieetdd o E5Hdectife vRRPED. Hr BnBehibdtiment, SentiCoridifctordid 1249 a logic device
or DSP apghgesmiconductandie42-244 are-memery devigess In this embodinrentyaside of Interposer
156 is exposed from eWLB 240. FIG. 11 shows an embodiment of eWLB 260, similar to FIG. 5,
with semitondlictor 4262 anBi6a o tnted SidéBy-side s mterpBs &P 156 Semitondd€br die 262 and

264 originate from aus@mitenductonwalter, sistitesdo Hasr3a3apsacty semicandustor e 262-264 has a
back surfai/e ang active surface con aini%g ﬁ?malog or %i‘sgital,circu\gs Imgle nted as activg _({i vices,
passive devices® CoRGUEINVRISYER, ARE dictedthic TAYETS formad within the die and Bfdttrically
Interconneseted-aecardingeaotthe €lectridal desigmrand-funstion of theedieh Eor example, the-eisclit may

Include one or more trans.istorsl, diodes ;715|d ot %r circujt elements formgd Witchin the active surface to
e 1 . g ructur

over conducfive . (S . (S nect s e Ccan, also .
Implement analog cwcufs or dlgﬁléfl circuits, such as DS ,%%‘i , memary, or other signal processing

circuit. Semécondudtiondie262-P64damayaiso containlPDse $ectt as drductorse capacitors, .and resistors,
for RF signal processirgge. Aglurglité( of coptact p. gls 266 iss, formeld ve t}e active surface of
semiconductor die 262 and el(g,‘rétrll%:aﬁ)(/j ]éonﬁgcteg fo the circuits on the actﬁ/éoslfﬁ ace. A plurality of
contact pads 268Ls formed dverttiective surface be semivonducior die 264 andelectricallyseonnected to

the circuifs, gn the, activesyrface. in gre embodiment, semiconductor die 262-gf4-ake flipchip type

semiconductor die. Semiconductor die 262 is mounted to interposer 156 with contact pads 266
metallurgicaiytdreteleetiieally eviedted to bumpsalsaa Befsiddiductoitdie 264Gs nvourited %o interposer

156, adjacenkto; seimicenductor die 462, with cordagtpads;268 metaliurgically and electrically connected
to bumps 154. Encapsulant 164 extends down a side surface of interposer 156.
electrically connected through bumps 154, conductive layer 150,

and conductive vias 148 to build up interconnect structure 168.
The interposer 156 with conductive vias 148, conductive layer
150, insulating layer 152, and bumps 154 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 interposer and build-up
interconnect structure 168. Since interposer 156 can be made
with similar material as semiconductor die 124 and build-up
interconnect structure 168 is formed over a surface of the
interposer opposite the semiconductor die and encapsulant 164,
the interposer negates CTE mismatch between the semiconductor
die and build-up interconnect structure. The interposer 156
operates as a buffer between semiconductor die 124 on one side
of the interposer and build-up interconnect structure 168 on an
opposite side of the interposer to reduce warpage. The
interposer 156 provides fine pitch vertical interconnect for

semiconductor die 124 suitable for high I/0 count applications.
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FIG. 12 shows an embodiment of eWLB 270, similar to FIG. 5, with semiconductor die 272, 274, and 276
stacked over interposer 156. In addition, semiconductor die 278 is mounted side-by-side with respect to
semiconductor die 272 on interposer 156, and discrete semiconductor device 280 is mounted to
conductive layer 150 of interposer 156. Discrete semiconductor device 280 can be an active device, such
as a transistor or diode, or a passive device, such as an inductor, capacitor, or resistor.

Semiconductor die 277-298 ofigitatd froft'a SBRACIRfItorfael - mildPo BrES: 83E3¢ Each
semicondugtor die 272:278&has adhacksustace andiactive suriage £Lontaining analag ekdigital circuits
implemented as active devicesj[eeassive devices, conductive layers, and dielectric layers formed within the

die and eié@thcailiftersitected accotaittOHE erettrich Yebigh &d fuliition 6F the 2. For example,

the circuib ayiineludermnesaranerestfansistors shedes), and othereirauitielementsifosmedrwithin the active

surface to imglemen,t analog ircuits %rgzigital circuits, iL%céw as DSP, ASIC, memory, or other signal
processiﬁjgogi cuit. %%%CSH A6rdie -5%%1%%/%5 ntain IPDs, such as inductors, capacitors, and
resistors, for RF signalfarocessing.cv pluralityrabcantach pads issformed &wer thienadtivie surface and

electrical nnected. to the circuits on the active surfgce. A plurality of bumps is formed over the contact
s o EATcoNLE B ST SR SIeL 1ot SR TGN ek Hler A8 S5 SHinoi
type semicohducterdiezonduct o ptlirality ©f condyctivebaas 2821s forsedithroughcsemiconductor die
272, typically at the Waf%r |§V%|O_f%f -%i[e%tiop3vertical tI%te(,glcofpnect. ij%Wifg,ra g!:urglkilté I9f conductive

I
. afer, 351l . oot nt, . .
vias 284 1S f%(;rr%ed tﬁrolug semiconductor 3'|e 2C7'4 for z-direction vertica mterc%nnect. emiconductor die

272 is m@mrtédwwgﬂwsedi% mfh @@Tﬁa@'ﬂﬁ&d@mmelélﬁjrgic_éﬂynan@@dhmﬁtwﬂyctbﬂnéét@d to
bumps 154 . Semiconductor die 274 issmoynted to.semicgnductar die2 72, with bumps 288 metallurgically

and electrically connected to conductive vias 282. Semiconductor die 276 is mounted to semiconductor
die 274 with braips 200metallbigicallyairineletridaliy camiected #s vondiotiveasas 284, Semiconductor

die 278 is;mopnted toInferposer, 156 with,contact pads 20z metallurgically.and electiicatly gopnected to

bumps 154. In one embodiment, semiconductor die 272 and 278 are logic devices or DSP and
semiconduttorddie 27492 76 &f-mentory Hevitesr CONNeCERGs, A3 ISH BRowantémbodiment of

package-onzpackage (PoP) aganggment 300 with eWLB,L78fram Fi, 5 stacked over.gWLB 182 from
FIG. 7. In FIG. 13a, eWLB 178 is positioned over eWLB 182. A plurality of conductive vias 302 is formed
through éncapstilant284 oF eWASS 182 F 3. I3HFShows BWLE 278 motirted to eIB 282 %ith bumps

174 of eWLBAyS&metallegicallyratthed within active surface 190 to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 184 may
also contain IPDs, such as inductors, capacitors, and resistors,
for RF signal processing. A plurality of contact pads 192 is
formed over active surface 190 and electrically connected to the
circuits on the active surface. A plurality of bumps 194 is
formed over contact pads 192. In one embodiment, semiconductor
die 184 is a flipchip type semiconductor die.

A plurality of conductive vias 196 is formed through
semiconductor die 124, typically at the wafer level in FIGs. 3a-
3b, for z-direction vertical interconnect. Semiconductor die
184 is mounted to semiconductor die 124 with bumps 194
metallurgically and electrically connected to conductive vias

196. In one embodiment, semiconductor die 124 is a logic device
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electrically connected to conductive vias 302. 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. Claims What is claimed:

or DSP and semiconductor die 184 is a memory device.
Semiconductor die 184 extends over the outside dimensions of
semiconductor die 124 and interposer 156. Encapsulant 164
extends down a side surface of interposer 156.

FIG. 8 shows an embodiment of eWLB 200, similar to
FIG. 5, with semiconductor die 202, 204, and 206 stacked over
semiconductor die 124. Semiconductor die 202-206 originate from
a semiconductor wafer, similar to FIGs. 3a-3c, with a footprint
larger than semiconductor die 124 and interposer 156. Each
semiconductor die 202-206 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 202-206 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 202-206. In one embodiment, semiconductor
die 202-206 are flipchip type semiconductor die.

A plurality of conductive vias 208 is formed through
semiconductor die 124, typically at the wafer level in FIGs. 3a-
3b, for z-direction vertical interconnect. Likewise, a
plurality of conductive vias 210 is formed through semiconductor
die 202, and a plurality of conductive vias 212 is formed

through semiconductor die 204 for z-direction vertical
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1. A method of making a semiconductor device, comprising: providing a substrate having first and second
opposing surfaces; forming a plurality of conductive vias partially through the first surface of the
substrate; forming a first conductive layer over the first surface of the substrate electrically connected to
the conductive vias; mounting a first semiconductor die over the first surface of the substrate electrically

connected to the first conductive Layer; , , ,
interconnect. Semiconductor die 202 is mounted to semiconductor

die 124 with bumps 214 metallurgically and electrically
connected to conductive wvias 208. Semiconductor die 204 is
mounted to semiconductor die 202 with bumps 216 metallurgically
and electrically connected to conductive vias 210.
Semiconductor die 206 is mounted to semiconductor die 204 with
bumps 218 metallurgically and electrically connected to
conductive vias 212. In one embodiment, semiconductor die 124
is a logic device or DSP and semiconductor die 202-206 are
memory devices. Semiconductor die 202-206 extend over the
outside dimensions of semiconductor die 124 and interposer 156.
Encapsulant 164 extends down a side surface of interposer 156.
FIG. 9 shows an embodiment of eWLB 220, similar to
FIG. 5, with semiconductor die 222 and 224 stacked over
semiconductor die 124. Semiconductor die 222 and 224 originate
from a semiconductor wafer, similar to FIGs. 3a-3c. Each
semiconductor die 222-224 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 222-224 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 222-224. 1In one embodiment, semiconductor
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providing a carrier; mounting the first semiconductor die and substrate to the carrier; depositing an
encapsulant over the first semiconductor die, substrate, and carrier; removing a portion of the second
surface of the substrate to expose the conductive vias; and forming an interconnect structure over a
surface of the substrate opposite the first semiconductor die. 2. The method of claim 1, further including:

die 222-224 are flipchip type semiconductor die.

A plurality of conductive vias 228 is formed through
semiconductor die 124, typically at the wafer level in FIGs. 3a-
3b, for z-direction vertical interconnect. Likewise, a
plurality of conductive vias 230 is formed through semiconductor
die 222 for z-direction vertical interconnect. Semiconductor
die 222 is mounted to semiconductor die 124 with bumps 232
metallurgically and electrically connected to conductive vias
228. Semiconductor die 224 is mounted to semiconductor die 222
with bumps 234 metallurgically and electrically connected to
conductive vias 230. In one embodiment, semiconductor die 124
is a logic device or DSP and semiconductor die 222-224 are
memory devices. In this embodiment, encapsulant 164 extends
down a side surface of interposer 156.

FIG. 10 shows an embodiment of eWLB 240, similar to
FIG. 5, with semiconductor die 242 and 244 stacked over
semiconductor die 124. Semiconductor die 242 and 244 originate
from a semiconductor wafer, similar to FIGs. 3a-3c. Each
semiconductor die 242-244 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 242-244 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
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forming a first insulating layer over the first surface of the substrate prior to mounting the first
semiconductor die; and forming a plurality of bumps over the first conductive Layer. underfill material
beneath the first semiconductor die.

surface. A plurality of bumps is formed over the contact pads
for semiconductor die 242-244. 1In one embodiment, semiconductor
die 242-244 are flipchip type semiconductor die.

A plurality of conductive vias 248 is formed through
semiconductor die 124, typically at the wafer level in FIGs. 3a-
3b, for z-direction vertical interconnect. Likewise, a
plurality of conductive vias 250 is formed through semiconductor
die 242 for z-direction vertical interconnect. Semiconductor
die 242 is mounted to semiconductor die 124 with bumps 252
metallurgically and electrically connected to conductive vias
248. Semiconductor die 244 is mounted to semiconductor die 242
with bumps 254 metallurgically and electrically connected to
conductive vias 250. In one embodiment, semiconductor die 124
is a logic device or DSP and semiconductor die 242-244 are
memory devices. In this embodiment, a side of interposer 156 is
exposed from eWLB 240.

FIG. 11 shows an embodiment of eWLB 260, similar to
FIG. 5, with semiconductor die 262 and 264 mounted side-by-side
to interposer 156. Semiconductor die 262 and 264 originate from
a semiconductor wafer, similar to FIGs. 3a-3c. Each
semiconductor die 262-264 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 262-264 may also contain IPDs, such as

inductors, capacitors, and resistors, for RF signal processing.
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4. The method of claim 1, further including stacking a second semiconductor die over the first
semiconductor die. 5. The method of claim 1, further including stacking a plurality of second
semiconductor die over the first semiconductor die. 6. The method of claim 1, further including mounting
a second semiconductor die over the first surface of the substrate adjacent to the first semiconductor die.
7. A method of making a semiconductor device, comprising: providing a substrate having first and second

opposingsutfatea? 1 tiofthingPa pRIFAII) Bf BorAdctive vias WRRin e subsfafs t 1 Viounting a first
semiconglictersdie aver thenfirst surfaee of thessubstrateid electrically connected to

the circuits on the active surface. A plurality of contact pads
268 is formed over the active surface of semiconductor die 264
and electrically connected to the circuits on the active
surface. In one embodiment, semiconductor die 262-264 are
flipchip type semiconductor die.

Semiconductor die 262 is mounted to interposer 156
with contact pads 266 metallurgically and electrically connected
to bumps 154. Semiconductor die 264 is mounted to interposer
156, adjacent to semiconductor die 262, with contact pads 268
metallurgically and electrically connected to bumps 154.
Encapsulant 164 extends down a side surface of interposer 156.

FIG. 12 shows an embodiment of eWLB 270, similar to
FIG. 5, with semiconductor die 272, 274, and 276 stacked over
interposer 156. In addition, semiconductor die 278 is mounted
side-by-side with respect to semiconductor die 272 on interposer
156, and discrete semiconductor device 280 is mounted to
conductive layer 150 of interposer 156. Discrete semiconductor
device 280 can be an active device, such as a transistor or
diode, or a passive device, such as an inductor, capacitor, or
resistor.

Semiconductor die 272-278 originate from a
semiconductor wafer, similar to FIGs. 3a-3c. FEach semiconductor
die 272-278 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
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providing a carrier; mounting the first semiconductor die and substrate to the carrier; depositing an
encapsulant over the first semiconductor die, substrate, and carrier; and forming an interconnect
structure over the second surface of the substrate opposite the first semiconductor die. 8. The method of
claim 7, further including:

analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 272-278
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
and 276. In one embodiment, semiconductor die 272-278 are
flipchip type semiconductor die.

A plurality of conductive wvias 282 is formed through
semiconductor die 272, typically at the wafer level, for z-
direction vertical interconnect. Likewise, a plurality of
conductive vias 284 is formed through semiconductor die 274 for
z-direction vertical interconnect. Semiconductor die 272 1is
mounted to interposer 156 with contact pads 286 metallurgically
and electrically connected to bumps 154. Semiconductor die 274
is mounted to semiconductor die 272 with bumps 288
metallurgically and electrically connected to conductive vias
282. Semiconductor die 276 is mounted to semiconductor die 274
with bumps 290 metallurgically and electrically connected to
conductive vias 284. Semiconductor die 278 is mounted to
interposer 156 with contact pads 292 metallurgically and
electrically connected to bumps 154. In one embodiment,
semiconductor die 272 and 278 are logic devices or DSP and
semiconductor die 274-276 are memory devices.

FIGs. 13a-13b show an embodiment of package-on-package
(PoP) arrangement 300 with eWLB 178 from FIG. 5 stacked over
eWLB 182 from FIG. 7. 1In FIG. 13a, eWLB 178 is positioned over
eWLB 182. A plurality of conductive vias 302 is formed through
encapsulant 164 of eWLB 182. FIG. 13b shows eWLB 178 mounted to
eWLB 182 with bumps 174 of eWLB 178 metallurgically and
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forming the plurality of conductive vias partially through the first surface of the substrate; and

removing a portion of the second surface of the substrate to expose the conductive vias. 9. The method of
claim 7, further including: forming a first conductive layer over the first surface of the substrate
electrically connected to the conductive vias prior to mounting the first semiconductor die; and forming

a first insulating layer over the first surface of the substrate. 10. The method of claim 7, further including
stacking §-52CoAd SBMidorftiets i€ DvEPIHERISESEmItondbedr die -

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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11. The method of claim 10, wherein the second semiconductor die includes a memory circuit. 12. The
method of claim 7, further including mounting a discrete semiconductor device over the substrate. 13.
The method of claim 7, further including mounting a second semiconductor die over the first surface of the
substrate adjacent to the first semiconductor die. 14. A method of making a semiconductor device,
comprising: providing a substrate; forming a plurality of conductive vias within the substrate;

mounting a first semiconductor die over a first suffd@-Bfthe substrate;

What is claimed:

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

providing a substrate having first and second opposing
surfaces;

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

forming a first conductive layer over the first surface of
the substrate electrically connected to the conductive vias;

mounting a first semiconductor die over the first surface
of the substrate electrically connected to the first conductive
layer;

providing a carrier;

mounting the first semiconductor die and substrate to the
carrier;

depositing an encapsulant over the first semiconductor die,
substrate, and carrier;

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

forming an interconnect structure over a surface of the

substrate opposite the first semiconductor die.

2. The method of claim 1, further including:
forming a first insulating layer over the first surface of
the substrate prior to mounting the first semiconductor die; and
forming a plurality of bumps over the first conductive

layer.
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depositing an encapsulant over the first semiconductor die and substrate; and forming an interconnect
structure over a second surface of the substrate opposite the first semiconductor die. 15. The method of
claim 14, further including: forming the plurality of conductive vias partially through the first surface of
the substrate; and removing a portion of the second surface of the substrate to expose the conductive

vias. 16. The method of claim 14, further including:
. The method of claim 1, further including depositing an

underfill material beneath the first semiconductor die.

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

semiconductor die over the first semiconductor die.

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

semiconductor die.

6. The method of claim 1, further including mounting a second
semiconductor die over the first surface of the substrate

adjacent to the first semiconductor die.

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

providing a substrate having first and second opposing
surfaces;

forming a plurality of conductive wvias within the
substrate;

mounting a first semiconductor die over the first surface
of the substrate;

providing a carrier;

mounting the first semiconductor die and substrate to the
carrier;

depositing an encapsulant over the first semiconductor die,
substrate, and carrier; and

forming an interconnect structure over the second surface

of the substrate opposite the first semiconductor die.
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forming a first conductive layer over the first surface of the substrate electrically connected to the
conductive vias prior to mounting the first semiconductor die; and forming a first insulating layer over
the first surface of the substrate. 17. The method of claim 14, further including stacking a second
semiconductor die over the first semiconductor die. 18. The method of claim 14, further including forming
a plurality of conductive vias through the first semiconductor die. 19. The method of claim 14, wherein the

second semicondtfetdtdié fittltdes"a Mémdry dittuiter tncluding:

forming the plurality of conductive vias partially through
the first surface of the substrate; and
removing a portion of the second surface of the substrate

to expose the conductive vias.

9. The method of claim 7, further including:

forming a first conductive layer over the first surface of
the substrate electrically connected to the conductive vias
prior to mounting the first semiconductor die; and

forming a first insulating layer over the first surface of

the substrate.

10. The method of claim 7, further including stacking a second

semiconductor die over the first semiconductor die.

11. The method of claim 10, wherein the second semiconductor

die includes a memory circuit.

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

discrete semiconductor device over the substrate.

13. The method of claim 7, further including mounting a second
semiconductor die over the first surface of the substrate

adjacent to the first semiconductor die.

14. A method of making a semiconductor device, comprising:
providing a substrate;
forming a plurality of conductive vias within the

substrate;
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20. The method of claim 14, further including mounting a second semiconductor die over the first surface
of the substrate adjacent to the first semiconductor die. 21. A semiconductor device, comprising: a
substrate; a plurality of conductive vias formed within the substrate; a first semiconductor die mounted
over a first surface of the substrate; an encapsulant deposited over the first semiconductor die and

substrate; and an interconnect structure formed over a second surface of the substrate opposite the
first semicondu&6rdielng a first semiconductor die over a first surface o

the substrate;

depositing an encapsulant over the first semiconductor die
and substrate; and

forming an interconnect structure over a second surface of

the substrate opposite the first semiconductor die.

15. The method of claim 14, further including:

forming the plurality of conductive vias partially through
the first surface of the substrate; and

removing a portion of the second surface of the substrate

to expose the conductive vias.

16. The method of claim 14, further including:

forming a first conductive layer over the first surface of
the substrate electrically connected to the conductive vias
prior to mounting the first semiconductor die; and

forming a first insulating layer over the first surface of

the substrate.

17. The method of claim 14, further including stacking a second

semiconductor die over the first semiconductor die.
18. The method of claim 14, further including forming a
plurality of conductive vias through the first semiconductor

die.

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

die includes a memory circuit.
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22. The semiconductor device of claim 21, wherein the plurality of conductive vias is formed partially
through the first surface of the substrate and a portion of the second surface of the substrate is removed
to expose the conductive vias. 23. The semiconductor device of claim 21, further including a second
semiconductor die mounted over the first semiconductor die. 24. The semiconductor device of claim 21,
wherein the second semiconductor die includes a memory circuit. 25. The semiconductor device of claim

21, furtherincluding &'8&c6Hl SdmichAdlictdr diembhRfed dver thE first shirfaté bf the s iisstrite adjacent
to the first semicondustaidiaie over the first surface of the substrate

adjacent to the first semiconductor die.

21. A semiconductor device, comprising:

a substrate;

a plurality of conductive vias formed within the substrate;

a first semiconductor die mounted over a first surface of
the substrate;

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

an interconnect structure formed over a second surface of

the substrate opposite the first semiconductor die.

22. The semiconductor device of claim 21, wherein the plurality
of conductive vias is formed partially through the first surface
of the substrate and a portion of the second surface of the

substrate is removed to expose the conductive vias.

23. The semiconductor device of claim 21, further including a
second semiconductor die mounted over the first semiconductor

die.

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

semiconductor die includes a memory circuit.
25. The semiconductor device of claim 21, further including a

second semiconductor die mounted over the first surface of the

substrate adjacent to the first semiconductor die.
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