SEMICONDUCTOR PACKAGE AND METHOD OF MOUNTING SEMICONDUCTOR DIE TO OPPOSITE
SIDES OF TSV SUBSTRATE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor package and method of forming a TSV
substrate and mounting semiconductor die to opposite sides of the TSV substrate. Background of the
Invention Semiconductor devices are commonly found in modern electronlc roducts.
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The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
package and method of forming a TSV substrate and mounting

semiconductor die to opposite sides of the TSV substrate.
Background of the Invention

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

Semiconductor devices perform a wide range of



functions such as high-speed calculations, transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and creating visual projections for television
displays. Semiconductor devices are found in the fields of entertainment, communications, power
conversion, networks, computers, and consumer products. Semiconductor devices are also found in
military applications, aviation, automotive, industrial controllers, and office equipment.

SemicondUctoF detites BxPloft thé efEET TS propetties bf SemitondbERT FiEteRaRITAE Gtomic structure

of semicondustarimatesiab alows its elactrical cgnductivity 4o bednanipylated by the application of an
electric field or base current or through thei)rocess of dorfin% Doping introduces impurities into the

semicondliYdrmaterial 18 amPliaR &t dortiol the cnEictiviey bf Yhe §8RicohaEb?R device. A

semicondticiordeviee gentainsnactiverantpassive electicapstayciuress Aetive stiuetuses, including bipolar
and field gffect transistors, control. the flow %f, elrf trical_current. By var in% levels of doping and
application of arr elettric il 8 bhRe Clfreht§ fra%gis?&teﬁfﬁ%gbp ote’s or restricts the flow of
electrical current. iRassivenstyugiuresy including s6:istprs, capaciters, ancthinduetars, eneate a relationship

between volta%e and currgnt necessary to perform a variey. of electrical fimcti(%ns. Tckﬂe.passive and active
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Semiconductor devices exploit the electrical

properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end

manufacturing, and back-end manufacturing, each involving



potentially hundreds of steps. Front-end manufacturing involves the formation of a plurality of die on the
surface of a semiconductor wafer. Each die is typically identical and contains circuits formed by
electrically connecting active and passive components. Back-end manufacturing involves singulating
individual die from the finished wafer and packaging the die to provide structural support and
environmental isolation. One goal of semiconductor manufacturing is to produce smaller

semicondirtEPdeVvidds! SHAMT HERICRS tHPiRBRY coRSUie TERP AT hade Righe? peffsihERce, and can
be produegd neseefficiently fn additignasmaller-semicenducton devices have arsmaller footprint, which is
desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end
process reSURGIA Ui Rith Shdder, hifRE d&EHsiy HttbERhdPassive EhipsRent8 Back-end processes
may resulidn semieonductorideyvigepackages willra snialler fgotpantiay-improvaementsinglectrical
interconnection and packaging materials. Many_semiconductor Qagkages use stacked
semicondURIGrAE 6 VETERT Thtegratiite THe SaBkeH Saic Al or BIE-4rE Sledia EorMistied with
bond wires,dinrifes; 0 conductivenwvias formedi thinewughvthecencapsulant kKBhg vierticakintereonrect

between semiccgmduc%or di consumes space an increases the %velrall hel_ght of the package, as well as
. . roviae s ']_”U.lc ura U.pé) r an ﬁ]muronfnen a 158\ at:IdOl’l o
|mposmgpn|gher manufacturing costs."Summary of the Invention need exists to stack

semiconductor die witrominigah $pade forwerial electricahintericannect Agcordingly pinahecembodiment,

the presepy nvention fs,a semigonductor.davice, comprising a waler evel substralg ingluding a pluraliy of
first conductive vias formed through the watfer level substrate. A first semiconductor die is mounted to the

wafer Ieve_bglmsm%lté.eﬁﬁe ﬂl@wsemiMCmm@mmaﬁim@ﬂrfa@edvimm@ctﬁpadéwﬁi\ted
toward a fist suriace of the wafer leyel substrate, A first encapsulant is deposited ayer the first

semiconductor die and wafer fevel substrate. A second semiconductor die is mounted to the wafer level
substrateh ane second searicdrdictaridie Inelbdes affitsiosisfacelwith Eontasrpddsarientdd toward a

second sirfageof the walejevel stbsiratepposite fho,frst suiface of he wafer dowel substrate. A
piu

second encapsulant is deposited over the second semiconductor die. A plurality of bumps is formed over
theph”amgqﬁﬂﬁgqﬁmgg@mgggggﬁs resulting in die with smaller, higher

density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

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

manufacturing costs.
Summary of the Invention
A need exists to stack semiconductor die with minimal

space for vertical electrical interconnect. Accordingly, in one

embodiment, the present invention is a semiconductor device



In another embodiment, the present invention is a semiconductor device comprising a wafer level
substrate including a first conductive via formed through the wafer level substrate. A first semiconductor
die is mounted to the wafer level substrate. The first semiconductor die Includes a first surface with
contact pads oriented toward a first surface of the wafer level substrate. A first encapsulant is deposited
over the first semiconductor die and wafer level substrate. A second semiconductor die is mounted to the

wafer levePEEEstate ITHe ¥8ddHd <&miitbnatEF Bie-Mckifel HoArRE sarfade with Lokttt pads oriented

toward a seeerd suraee of the wates level substrate appesite thetinst sunface of thepwates tevel substrate.
A second encapsulant is deposited over the second semiconductor die. In another embodiment,

the preséht fvehtion §8'a SeHESTRIctOr Gevice BOMPHEM gL sibsiralé iidiudifig @'first conductive via
formed thyaugh the substrate. A firsit semicondbeator €lig-isaneuntediaves a fistsurtacesefithe ssibstrate. A
first enca su%mt is depaosited over the first semicond ctor[fgie and substrate. A second semiconductor die
is mount&d bller 86E61d 8GfEce b R Stbst 3t 5pssi ]Tﬁgﬁ‘irgt%rﬁf%%% 6t thé 8Gb&iFate A second
encapsulaatisldeposited aver. thersetonstsemicapductandiei A klapp isi fosmedwaver thefirst conductive
via. firlg ang(te%eir em %(gmoept, ki\g pres nvgailr%venti Q‘;sjz;sseu iC rgdgé%[or p%ckaeqeo%o prising a
substrate having a conductive via ex ending rougﬁ]fhe Substrate. A first semiconductor die is mounted
to a first sunfeicecoidthe tsubsttate. Asfirsbencapsutant i$depodited dverdhe first semicenductaredie. A

second semlcorgjguscé%adcl% r'qu@é)%JQtreth% ;1 §g%qn%%%rfacefgfr tQE: ssulll:)lgggtceeo%%%te C’[Qe first surface of

seco& g ! %taFB ..
the substrate. A second encapsulant is deposited over the second semiconductor die. Brief Description of
the Drawirigss orierflgl ltiflustrates asRCBIwittsdiffeartt tydes bfpatkages eounted to its surface;

substrate opposite the first surface of the wafer level
substrate. A second encapsulant is deposited over the second
semiconductor die. A plurality of bumps is formed over the
plurality of first conductive vias.

In another embodiment, the present invention is a
semiconductor device comprising a wafer level substrate
including a first conductive via formed through the wafer level
substrate. A first semiconductor die is mounted to the wafer
level substrate. The first semiconductor die includes a first
surface with contact pads oriented toward a first surface of the
wafer level substrate. A first encapsulant is deposited over
the first semiconductor die and wafer level substrate. A second
semiconductor die is mounted to the wafer level substrate. The
second semiconductor die includes a first surface with contact
pads oriented toward a second surface of the wafer level
substrate opposite the first surface of the wafer level
substrate. A second encapsulant is deposited over the second
semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a substrate including a first

conductive via formed through the substrate. A first



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-31 illustrate a process of forming a ISV substrate and mounting semiconductor die to opposite
sides of the ISV substrate; FIG. 4 illustrates metal layers mounted over the semiconductor die;
FIG. 5 illustrates conductive vias formed in the encapsulant over the ISV substrate; FIG. 6
illustrates bumps formed in the encapsulant over the ISV substrate; FIG. 7 illustrates stacked

semicondifdrPAckagES eathvithP sdifidohatctol Gfe MobintetFtoBposite sifes TSV substrate;
FIG. 8 illustrates theshumps engapswatesfor stagkingdhg semicerducioipackages: rst

semiconductor die and substrate. A second semiconductor die is
mounted over a second surface of the substrate opposite the
first surface of the substrate. A second encapsulant is
deposited over the second semiconductor die. A bump is formed
over the first conductive via.

In another embodiment, the present invention is a
semiconductor package comprising a substrate having a conductive
via extending through the substrate. A first semiconductor die
is mounted to a first surface of the substrate. A first
encapsulant is deposited over the first semiconductor die. A
second semiconductor die is mounted to a second surface of the
substrate opposite the first surface of the substrate. A second

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

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

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

FIGs. 3a-31 illustrate a process of forming a TSV
substrate and mounting semiconductor die to opposite sides of
the TSV substrate;

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

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

FIG. 6 illustrates bumps formed in the encapsulant

over the TSV substrate;



FIG. 9 illustrates a second TSV substrate mounted to the semiconductor package with semiconductor die
mounted to opposite sides of the first TSV substrate; and FIG. 10 illustrates stacked
semiconductor packages each with semiconductor die mounted to the TSV substrate. Detailed
Description of the Drawings The present invention is described in one or more embodiments in
the following description with reference to the figures, in which like numerals represent the same or
similar elements. Whilé tHe-inVertidn'istdetcribed it térRts srtfe TeRthfoteToPackiading thé Mvention's
objectiveg.i it wilsbe, appraciated bythesenskilled in the anbthat itds intended & cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the invention as defined
by the appeRd&d Tidims and their equivalents as supported by the following disclosure and drawings.
Semiconductor deviceg ate generally stanufacturedtusingtwo complex mansdactying peroesses:
front-end anufacturing nd back-end manufacturing. Front-end manufacturing involves the formation of
a pIuraIit)F PaieOH the SUHacR ofa SR Auctor wafer. Each die on the wafer contains active and
passive electrical comparents, whith sire etectrically connectesito foirs functionabelectsicat eircuits.
Active el%(ﬁ[éicasl com&)onngn(t: Osuch a&{tgarésistorc%agd %iogggdhac\é% '1[:he O1at()eilitl}( (;[o rclzgggolatge flow of
electrical curren?.nﬁassiveueIecifric%?com%ongﬁts, stch as capélmtors, inductors, resistors, and
transformersccreate & relatonship betweersvoltde andetirentnecessary to perform electrical circuit
functions. Pas§i¥8 angoaclti_\@ co Ipaﬁggtssgrecﬁgé@egeon\/eg (tjheds%r{%%e ofatgg seer%iconductor
wafer by a series of process steps including doping, aeposnion, plhot&ltﬁograph@, etcﬁ%g, and
planarizatienhDwping intoducesinpurities istortheseaticonducter matérialby techirigues 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 seRféchtitebripgernaPsdmiucafinthereBpard@esan electric field or base
current. Transistors contain regions of varying types and degrees of doping arranged as necessary to
enable the transistor torpromate Qr restrigt the floyy, of elegtrical- ¢yrent;ypan the application of the electric

field or base current.
embodiments in the following description with reference to the

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical

components, such as transistors and diodes, have the ability to



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

of light sensitivenmatesial. :6n photaresist over the layanto-be pattemeds Apatieradsitransferred from a
photomask to the photoresist using light. The portion of the photoresist pattern subjected to light is
removed USTHY 4 SBIVRRE expbEMgSottions 8 the LHYERyINgEFE oI5 pAREMRAT TRE TéMBinder of the
photoresist issregaoved; tegyingrbehind bepatternad layer cAlkernatively,iserse types of materials are
patterned by directly depositing the material into the areas or voids fogmed by a previgus deposition/etch
process using technique& stich as 8féctt5les¥ and BBEFSYic prtifg - =™ B¥p8siting a thin film of
material everfarcexisting: patterrcarcexaggesatevthe amnderlyingpattess and createsssBor-uaifermly flat
surface. A unjformly flat surface is required to prodyce smaller and more denpsely packed active and
pasaive CITICHNS, BIGHA A L g b8k 6 T MSERA o os SIALE of f water and
produce almifermlydlat surfac®d@lanarizationodvolves polishing the surface ohthe wafer with a polishing
pad. An aber%si\clgnr%?ltg{igl apn%ggr]gosiYe ﬁhe@ei% Iéi{e 1z;t(ej egltlocﬁheassuqace gf thfé/yl%fe;v%gn%golishing.
The combined mechanical action of the abrasive and corrosive acfion of the chemical removes any
Irregular tdpographyl ¥éswiting in. a ubifermiydlat sufaceess modBdckeend hrareiactoring séfers to
cutting or_singulating the finished wafer into. the individual die and then;packaging.the die for structural
support and environmental isolation. To singulate the die, the wafer is scored and broken along
non-functigial $égions of thé wafercalled Sadistrests beséhbdest The Wwafer isssihgiilated using a laser
cutting tool,gsaw blade, After singulation, the, individual die ate mounted,ta.a pagkags sulstrate that

Includes pins or contact pads for interconnection with other system components. Contact pads formed
over the SEMEORBLTOF die are theRCorRetedd cohtact pads withid the p&eier)eC Theictrical

connections,¢an be made.with solder bumpss stud bumps eonductive paste; or wirebopds. An
encapsulant or other moldln'gematerlal is deposited over the package to provide physical support and
electricaldsdlatich. crHEfiviSRed palitaeSis thén friserfedintd & elcehicat system and Bieiimefionality of

the semicgndugtar.device-isdnade availahle to-theother systeareomperetse appliklzibijustrates
electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of

semicondtctdrFackages Méurited bh it sdifte. Efectfohic device 50 may have one type of
semiconductor packaggecen frultiphe typesofsemicanductonpackages odepending 0a fhe application. The

different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,

photoresist, over the layer to be patterned. A pattern is

transferred from a photomask to the photoresist using light.



Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger
system. For example, electronic device 50 may be 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} dideréte dRVice’s, biotreh SerRfishdiictdtdic of Bletticat CoRtbonentst 9Pt 1S |n FIG. 1, PCB
52 providesnagereraksusteate darsatriciurak supnory apd electical dxteraanngstiefthe segniconductor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 JSiH§ BviforafioR 2&1EEFOIfic plaling, SeRfofeds pldting: RerdenPritting . 6F othr suitable metal
depositiongarocess, SignraliagesSdipravidedar electrical cammiunicationehetween«siach of dhe
semiconductor packages, mopunted components, and other external system components. Traces 54 also
provide poWes Brd griand CORNECUNS 1 Hach o1 dHe SEm o iucior ACRAGEE PO *Péin some
embodiments; @i samiconductoe deviee hasrtwoqatkagingdedelsyFisstdevst packaging is a technigue for
mechanic(é@el%/oandtelg%t/ricg%att%%hcin% the gemicondg%tr(l)r diee go an (i:rge%mecg%ec%argi%%SSecon level
packaging i Volves mec%anlcaﬁy and e?eclfrlcléi@/ aﬁ?ac mlgqtlﬁe infermediate Carrier 16 the PCB. Tn other
embodimehts; tarsamicbndwdtet device may only have the first level packaging where the die is
mechanically and electrically mounted directly to.the PCB. . _For the purpose of illustration, several
types of first level pacléleg]%jnogs, ?rlltc]l&(%ns V\ﬁ;%el@gr]? pgcl?%emgg %ﬁééﬁ]l’p 8%%%8?%@ }siﬁg\J/Cvrllno% PCB 52.
Additionally - severalypes v seeurit levehpackadging! yclading bad grideardayc (BGAR 66, bwmp chip
carrier (BCG)62. dual infine package (DIP) 64, land.grid argay (LGA) 66, multizchip madulg (MOM) 68,
guad flat non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Dependiity apore thessypstémireglitements, daysombinatdreof serhicoadatdr pacskages, configured with
any combipgtion, of first and second level packaging styless @swell s, gther glactionic compgnents, can

be connected to PCB 52. In some embodiments, electronic device 50 includes a single attached

semicondittorpadkage, Whils btheraiBodinfents eallf? nmultipleifterdohriettdd packerses: By

combining 160 MQFe seMIceRJUCos Packages: avera single-suksirale, manufpgiurers,caningorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sBpHisficAtBE fEdctionafity, @lEctrdhitSdaVidss dant be trartfactfdd’ Gsifif €heapér édifiponents

and a streaedined marwiaciuring pEocess: fhe feswtingideviges gre less likgly tofaiband less expensive
0 combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads

formed over the semiconductor die are then connected to contact

pads within the package. The electrical connections can be made



manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show exemplary semiconductor
packages. FIG. 2a lllustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74 Includes
an active region containing analog or digital circuits Implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die and are electrically Interconnected according
to the electrical design of the die. For example, the circuit may include one or more transistors, diodes,

inductors” tapadifots SesiSta Sand biereBaR elemants Formied Rithirtthe Hctivé r&§iBR T -
semiconducterndie<u GontactpasisHib-areane agmaese iyess of eongdystive taaterdak suehas aluminum
(A1), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Agg, and are electrically connected to the circuit
elementsmad withiin BemiconduRtof uie 74. BURRG B5séMbly°f151P 64 Semitonaictor die 74 is

mountedta @anfinteredinte cakiefd 8iusing argoldr-sdicon euieatis layeraarashesieimatesiadsuch as

thermal epoxy or epoxy resin. The package body Includes an insulative packaging material such as
polymer §rn Cerkhific. gﬁ&k‘f&%@égé’ 88%gn irg%%ﬁag%ﬁaup%\?iﬁe e ﬁ&aﬁ%te@ hect between
semiconduciaridie I/ and PXB b2 Hemcapssitant 84dsidepeosited over the package for environmental

protection by preventi oisture and particles from entering the packag d contaminating die 74 or
e bonds 82+ EEIG. 2h e fortrer deta 6 BCC 67 ounted o PCA 52 SemtBonductor
die 88 is nwunted overcarriet 80 asingram trderdfill o epoxpoesid adhesive Taateiiah92. Wire bonds 94

provide first level packing Interconnect between contact pads 96 and 98. Moldin mpound or
encapsul}sztﬁ1 f&% %geﬁo%it%%r%lv%?%elrﬁcllg)on%ﬁ:?ocr%cﬁg 88 a{?%uvrxlli%ree %o?las JQtz'lsto Splggc\:/fi)aé%hysical support
and electritalisolation forethedevide. "@yntaet’pads: ¢02 wre formeskovier ansurfaceroffRCBEBZusIing a
suitable meta} depositian process suchas; electialytic, plating,or electroless plating to prevent oxidation.

Contact pads 102 are electrically connected to one or more conductive signal traces 54 in PCB 52.
Bumps 1021aké ferethbetween conact s 98/oEBCCi6Z and conthet pads 102101 PTB 52¢ In

FIG. 2¢, semigcondycter die 58 jgsolpo}?ggefgofggg dopvn; tojintermediate carrier 106 with a flip chip style first
0

level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits implemented
as active devices, passive€ @evieBs Ccotritttive My ers varitPdielettid Ay ersoformed seeBrdifig fo the

electrical design ef:the dig.Forsxample theicicuit may nclude:ene g more fransistors, diodes,

inductors, capacitors, resistors, and other circuit elements within active region 108. Semiconductor die 58

is electricaly @htirieéhdnicalychnectd-foccdtfiér- Y66 throfgk bhRmpsiriglevice 50 may

be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

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

Signal traces 54 provide for electrical communication between



BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation
for the device. The flip chip semiconductor device provides a short electrical conduction path from the
active debite8 Wséiﬁi%oﬁ&ﬁ&SPH%%@cW%ﬁ fracRS ORI EB BT BIABL o retfiice signal
propagationmdistange cloMer capaeitancesapd irpraye overalksikcuitiperfermayicsy Iiangthes r
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using fIipadeﬁp RISt VR FSEKEYITy WithGaCiRtetmedite TRECIIEICEOT PAEIEW33-31 illustrate, in
relation to FIGs. 1 and 2a-2enapreeess ohtartming a Tssv subsisate and metntirg samiconductor die to
opposite sides of the TSV SLibstrate.,In FIG, 3a, a semiconductor,wafer 120 contains g base substrate
material £55° $G& BE siifcdh; Sérmgrﬁﬁr‘%g%mﬁﬁw arehited intium HHbsphide’ b &ficR Tarbide, for
structuralsuppatti Aeplusality of wias d23iis Adrmedsthreugh sgbstrate 422 iusinglLaserrdrilirg aodeep
reactive igg e{chtin% Ig[gRi%)E.e carr lr(1e FIG. %b,c%n glefgiggﬂy con Lécti.vrelz matne‘;ia{i‘;eq&eposited into vias
123 using elec]ilro?y IC pﬁlatlng or lectroless p a%ngrio form conguﬁlvegtﬁr&g]h Sificon Vias (TSV) 124.
Conductive ¢8¥s 124 Ichyn Fendne be oforé daylers of At aCin, 1By, NihAuj Ageomethes saitalleelectrically

conductive material, In FIG. Sc, an insulating or passivation layer 126 is formed over surface 128
{(&Me G 1 g.orp QYL 52° :
of substrate 1%?6ang Ei'SV f£4 85m8 P\?S 8Vt)r?ep1ﬁn%|ng, Spsll’? 1r?:cl)z(;:lt(ljr?g, scprg)]/: coeeltYnlgC,eswﬁgﬁzng or thermal

ox_idation@_thQ iM@tir@l@yér’tlB@ céﬁ\belomEGqui@myemcfssiﬁm dib&id'ES(SiOZ), silicon nitride _
(Si3N4), silicon oxynitride (SIQN),taptalym pentoxide (1a205), alupinum.oxide, (Al203), or other material

having similar insulating and structural propertiés. A portion of insulating layer 126 is removed by an
etching process to expbse TS\e124rprose oAn electdcallytconductivie’lyed 139 formed over surface

128 of supsirate l%%@md@{ﬁa’lgfﬂ\g the remaued, gottions of insulating.layer 326 Uging-a patterning and

metal deposition process such as P D, CVD, sputtering, electrolytic plating, and electroless plating.
Conducti¢é iaye? 130%czn 1586Me oP ndtetayers of MG H, 1SRN A, PRV OF Bthef Bbablefelectrically

conductive-material cCandyctivelayer130 iseleciricalycannestedito SVs 124 Qtheg portigng of
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
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
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conductive layer 130 can be electrically common or electrically isolated depending on the design and
function of the semiconductor device. An insulating or passivation layer 132 is formed over TSV
124 and surface 134 of substrate 122, opposite surface 128 of substrate 122, using PVD, CVD, printing,
spin coating, spray coating, sintering or thermal oxidation. The insulating layer 132 can be one or more
layers of Si02, Si3N4, SION, Ta205, Al203, or other material having similar insulating and structural
propertie¥2A poridoFinEGRtnG 1aer 13235 tefdted by anftEhing prBREsSto expose TSV 124.

An electrically conductivedayer k36 is fermead exensuriace 134 0f sulstrate A22-1a the eemoved portions
of insulating layer 132 usin atterningi]%nd metal d,epositionfrocess such as PVD, CVD, sputtering,

electrolytic'platifg: dﬁdléllﬁgﬁa&%% plating’ SondGEive layer 136 cai BECHIE 6 mdPe }Fagl%ré of Al, Cu, Sn,

Ni, Au, Ageorielbet suitalie @lectricallyrconduetive: material/condugtive layer-k3tisrelectrigallyy
connected to [SVs 124. Other portions o;conducti e layer 136 can be electricallg common or electrically
isolated dépentiiig 8 tie- G&8igh At gﬁbﬁpgﬁ%eassen?i%ﬁ(‘:ﬁ?ctgﬁéfé\ﬁgéc’.’ PaSSINSubstrate or carrier
140 contaias temporary ot sacrificiallbasermateriali sddle as silicon, pelyaes, galymed campbsite, metal,
ceramic, J?hassdglasgL nego%%, beer%lliggw 9)@9&, or othgr suitable | W-(gost rigid materjcaé f(%r structural

a

[
support. & warer lgvel substrate or |ntle¥pésnerefs%oi%nrﬁgun ed ‘:t‘g %arrrclielrrﬁo, as s]ﬂ%wn in FIG. 3c

and 3d. electdmddG. 8esa gapdd ltiseud through substraterl22, oftsemicomdwctor wafer 120 with saw
e o SEESUITLIBO A2 o 0 oL 40, S e 4 does it seupppengncamer 140,

resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is

deposited over semiconductor die 88 and wire bonds 94 to provide

physical support and electrical isolation for the device.
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In FIG. 3f, semiconductor die or component 144 are mounted to substrate 122. Each semiconductor die
144 has contact pads 146 formed on active surface 148 oriented toward surface 128 of substrate 122.
Active surface 148 contains analog or digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die and electrically interconnected according to
the electrical design and function of the die. For example, the circuit may include one or more transistors,
diodes, andbtRércikifiteléMents forhebithin Befive' saifade £48 £ implement aRaky Greuits or digital
circuits, stichrasdigitalsignal pspeasser {ASEHASKs nemery Or othertsignalprecessing eikcuit.
Semiconductor die 144 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal
processifif. A pfiF&iity bf BanpsT501E GEd GVER Corftitictidd i/er 130BHntadt Pids 1% and
reflowed 4a elegtrically conneet contact paes 146 toreonstictive layes13Qckhiane emdbodiment,
semicondtuctor die 144 is imglen%?ented as a ﬂipigi%| st¥le d vice.d In FIG. 3%, an encapsulant or
molding ¢8MpSting 156 s deposited over SBmicondudtdr die 1A% sisetisis 1 22°8ha Cartét 440 using a
paste pristing; Corywessive mbldingt transfesawlding, kguieercapsulant molding, vacuum lamination,
spin coating, or other suita pplicator. Encapsulant 156 can he polymer composite material, such as
epoxy resin with fiIIer,sglﬁogy%ggry%?é W“T}tﬁr?ﬁlgﬁpn or%%n?yonﬁerd With %%ople% fmgﬁrifﬁcd:péﬁ%%t B8'is
non-conductive aadrervire hmentallyigrotecds theisémizconductordévice frohe extersal elememts and
contaminants, .o . I FIG, 30, 8 substrate ox carier doB contains temporary or sagiifiigl base
material SUich agsmgdn, pocfymer, polymer composite, metai:, ceramic, glass, glass epoxy,lberyllium oxide,
or other suitabteglowecostgrigid Imateriabfor struvtutalsuppott. Thestiuctigedestribed in FIGs. 3a-3g is
inverted gnd maunted with encapsulant. 456 Lo carrier 158 Fhe damparary. parier J40Js femgued by
chemical etching, mechanical peel-off, CMP, mec%anlcal grinding, thermal bake, Taser scanning, or wet
stripping.accordipgFIee 3t wensiéenducterdieds Toaponent 160 dke moumed s T8VIsubstiate 138.
Each semigppdyctondip 160.hasconiact Bads62 farmed:on agive suface 164 prgnisgipward TSV
surface 138. Active surface 164 contains analog or digital circuits |mplemented as active devices, passive
devices, EaRductiveI&yers Sand Hietdotrié Ty eps fotn e withih the HRNGAM 8letiidall) imeFcorected
according fo,the-elegtsical design and functionafdhe glie. For example.the.cirgyiy may include one or
more transistors, diodes, and other circuit elements formed within active surface 164 to implement analog

circuits of@igftARdiFGUItSY sSGEHIRS DS ASICS FREMBEY, bY DRy} progsssing.dircuit. Semiconductor

die 160 may also containAPBgsuch as dnducters) eapagiters.andaresisiars, for i signabprosessing. A
plurality of bumps 166 is formed over conductive Ia%er 136 or contact pads 162 and reflowed to

electricalfy-Conrect ¢ottadt pids 862 6 cSditive 18y&1 362 ff BHE RMbbtiment ¥8Rficdriductor die 160

is implemented as @ flipehip styde device. e 1ectr iitbiG.13)cameaeapsulant ardnelditgieempound 168 is
deposited over semiconductor die 160 usin% aﬁgaste printing, cogtﬁressiv,e molding, transfer molding,
3

liquid encapdifant MGAinG, vacud Tainafioh 'SHiH€3atHg RS othdr sditahié applicksr. Ehcapsulant
168 can be polymerscompositermaterial, 'syicb @ascepoxy resinanita iker] epexyl aerytate with filler, or

deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. 1In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without

intermediate carrier 106.
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polymer with proper filler. Encapsulant 168 is non-conductive and environmentally protects the
semiconductor device from external elements and contaminants. In FIG. 3k, an electrically
conductive bump material is deposited over conductive layer 136 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au,
Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux solution. For example, the bump

material can be eutectit’$iHPb2 Rightead SBRier 20readHree"Satdér Thebdim s fratéridhs boRded to

conductive-laygr $36 ysing a suitaile attgachmept/oshbending procass. Kbane eppodiment, the bump
material is reflowed by heating the material above its meltif%% paoint to form spherical balls or bumps 170.

In some SpPIicRRBAS Hithps'170 BPe PEsved & sBEORE tifte Hfprove 8RR daT E6ntact b conductive
layer 136 The Bumps: caralsodecempressiciebonded tooeanductve layesd 36uBempstk/0 represent
one type of Inter,cognggt structﬁjﬁre that can be formed over, conductiYﬁi Iegl/rﬁr 136. Thgalnterconnect

s

structure ®ahHiss fudBimps Smicho buibs, CohBGANE ISR, or bihef BiSEHEHT Interconnect.

In FIG. 31 nthedtemposatycatker 1H8 isiremoveddayrthemicaletching: mechaanicat peeleaft, CMP,
mechanical grinding, thermal bake, laser scanning, or.wet stripping. The structyre is singulated through
encapsul%e:lﬂ%fgl %r\}lgr}]] s%f\:v Brade ;I‘r%agselrscu tcl)r}:gm ool Ti% ?ﬁjtgkgesb%%aﬁ%rﬁa Sr%a%%l stacked semiconductor
packages 424r drillSemiconddetor diedd4 and lishharetmbunted toROPposite sides of wafer level TSV

substrate or Interposer. 138;"1‘@1 egqgtricaarllly eanQg%tleéq vfllﬂ/T V 124, The thick ess oﬁTsemiconductor

package 174 is reduce%jnby stacklng'semlcon(?uctor ie 144 a§nod1 60 %ﬁ\ﬁ%tﬁ%f%%slo% SV substrate 138.

The c_qeﬁi@i@cm of ﬂi_{érmt exwa@siorl {CIB)cambes iratchedlas ISV BUbstrate i@mgde of similar_ material,
e.g., silicgn. as semicondyetor die,144 apd 160, g, -+ 1 FLG+4 50QWS an.qmbadiment of semiconductor

package 178, similar to the structare described in FIGs. 3a-31, with metal layer 180 mounted to
semicondUciol diéd44, andmetakfayer 18 snduttted #6' semicoreluetoria €60 anare embbdiment,

metal layets, 180, and 1820perale 25,2 hogh sinka dissinate dheronal eneray ram sericopductor die 144

and 160. Metal layers 180 and 182 can be Al, Cu, or another material with high thermal conductivity to
provide Heat gissiphation for semiconductor die 144 and 160. An optional thermal interface material, such

as aluminum oxide, zingpxige; bosan nifjde arpulvenized.silver, hetween dhe heatsink and; o
semiconductor die aids in the distribution and dissipation of heat generated by semiconductor die 144 and
160. formed over surface 128 of substrate 122 and TSV 124 using PVD,

CVD, printing, spin coating, spray coating, sintering or thermal

oxidation. The insulating layer 126 can be one or more layers

of silicon dioxide (Si0O2), silicon nitride (Si3N4), silicon

oxynitride (SiON), tantalum pentoxide (Ta205), aluminum oxide

(A1203), or other material having similar insulating and

structural properties. A portion of insulating layer 126 is

removed by an etching process to expose TSV 124.

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

electrically connected to TSVs 124. Other portions of
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In another embodiment, metal layers 180 and 182 are electromagnetic Interference (EMI) and radio
frequency interference (RFI) shielding layers. In this case, shielding layers 180 and 182 can be Cu, Al,
ferrite or carbonyl iron, stainless steel, nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductive resin, and other metals and composites capable of blocking or absorbing EMI, RFI, and other
inter-device interference, Shieldiﬂr:)g layers 180 and 182 can also be a non-metal material such as

carbon-bERR Bt Ghififuh? igke {0’ FedtRR thE efreBESHEIAL aid BETISRieRfinG I/l 186 ahd 182 are

grounded ta-diyed dheiEpHanthBFbsighals. design EHa. Fshews an embedisent of semiconductor
package 183, similar to the structure described in FIGs. 3a-31, with a narrower semiconductor die 144 or
wider 1SV §UBSIPAE 13836 M&Re fsom for conductive vias 184. A plurality of vias is formed through
encapsulant 156 usingdaserdsilling enetchingprosess tsush assHRIE. THe vias ase filed withrAl, Cu, Sn,

Ni, Au, Ag, titani ), W, poly-silicon, or other suitable electrically conductive material using electrolytic
DIaing o St BeS Wbt Hofhn LOAdSVE VL TBRS L 25 GERD D Eioiat Eefoadihent of
semiconducterpackaged 86, similar ta ghe stryctove deseribedi ind; | Gsp 3a-33s avithray pagrpwey
semiconduoct r.die 14§.ortv¥i]ge£TS(\3/ sué straI%%}fBg to r%atke room flqgebum S 8%. .Bumeg1 188 are formed
over con&ucatlvlqu)’/er 130; Similar 10 FIG. 3K, prior 0 epo%ﬁlng encapsﬁ ant 15 .llggmpsyl%% are
electrically3¢onrectegketocconductive fayet 486rs of SiBIG. Bshows ajiaekagéaohopackage (PoP) with

two stacl&gfl2 icondu tor gack es.18l6 %Iectric lly connected throy bumps 170 and 188.
FIG. 8 shows%ea’f'rrri1 ergrﬁoo%%mgnt &ag%rﬁégnduc%grlgﬁc%abrgl 980r simifar tcg)letﬁg%trﬁgt%re described in FIG. 6,
with encapsulant 192 formew ever bsmpsZ 700 Sehnconductorspalckaged 906z suitable fosstacking a

plurality qféi{gil%ﬁs%l)icgﬁdg‘&té?ﬁ?%ka&e&ess to expose TSV 124.

An electrically conductive layer 136 is formed over
surface 134 of substrate 122 in the removed portions of
insulating layer 132 using a patterning and metal deposition
process such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 136 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 136 is electrically
connected to TSVs 124. Other portions of conductive layer 136
can be electrically common or electrically isolated depending on
the design and function of the semiconductor device.

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

In FIG. 3e, a gap 141 is cut through substrate 122 of
semiconductor wafer 120 with saw blade or laser cutting tool 142
down to carrier 140. Saw blade 142 does not sever or weaken

carrier 140, i.e., carrier 140 retains its support property
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FIG. 9 shows an embodiment of semiconductor package 196, similar to the structure described in FIG. 6,
with TSV substrate 198 (similar to TSV substrate 138) mounted to semiconductor die 144. TSV 200 of
TSV substrate 198 are electrically connected to bumps 188. FIG. 10 shows a PoP embodiment
of semiconductor package 202 with semiconductor package 186 mounted to semiconductor package 204.
Semiconductor package 204 Includes TSV substrate 206 and semiconductor die 208 made using similar
process StEPS 38 destribEdh-BIEY 33684 BUMps 218'Hre Fomiéd over- TSV substrate 206, similar to
FIG. 3k. Encapsulant 242 is tdeposited gverisemigapdueton die 208 anebumps:210; Semisonductor

package 204 is electrically connected to semiconductor package 186 through bumps 170. While
one or M3 BBAdintertsdF thé pfestnt inveliich haF8 beBRIMEhatedindétait, thd%killed artisan will
appreciatesthat modifications and aclaptationsde these embodimrents gnayhe made wihauteparting from
the scope of the prepgqt inyention as setfofth n the following claims,. Claips hat is daimed:

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 148 to implement

analog circuits or digital circuits, such as digital signal

processor (DSP), ASIC, memory, or other signal processing

circuit. Semiconductor die 144 may also contain IPD, such as

inductors, capacitors, and resistors, for RF signal processing.

A plurality of bumps 150 is formed over conductive layer 130 or

contact pads 146 and reflowed to electrically connect contact

pads 146 to conductive layer 130. In one embodiment,

semiconductor die 144 is implemented as a flipchip style device.

In FIG. 3g, an encapsulant or molding compound 156 is

deposited over semiconductor die 144, substrate 122, and carrier

140 using a paste printing, compressive molding, transfer

molding, ligquid encapsulant molding, vacuum lamination, spin

coating, or other suitable applicator. Encapsulant 156 can be

polymer composite material, such as epoxy resin with filler,

epoxy acrylate with filler, or polymer with proper filler.

Encapsulant 156 is non-conductive and environmentally protects

the semiconductor device from external elements and

contaminants.

In FIG. 3h, a substrate or carrier 158 contains

temporary or sacrificial base material such as silicon, polymer,
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1. A semiconductor device, comprising: a wafer level substrate including a plurality of first conductive
vias formed through the wafer level substrate; a first semiconductor die mounted to the wafer level
substrate, the first semiconductor die including a first surface with contact pads oriented toward a first
surface of the wafer level substrate; a first encapsulant deposited over the first semiconductor die and
wafer level substrate; a second semiconductor die mounted to the wafer level substrate, the second

semicondtittdrdie ifAURNG 'd-first SGrface with coRtdct pads drientetPdivard F'SecoRBsitatBdf the

wafer leveksubstrate oppasite theifirsbsuwfaceoftbgiwyafen level subsirate; £ &-segond-angapsulant
deposited over the second semiconductor die; and a plurality of3bum s formed over the plu(gality of
an

f”StCOﬂdﬁER@?%ﬁs. The structure described in FIGS. 3a-3g is inverted
mounted with encapsulant 156 to carrier 158. The temporary
carrier 140 is removed by chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping.

In FIG. 3i, semiconductor die or component 160 are
mounted to TSV substrate 138. Each semiconductor die 160 has
contact pads 162 formed on active surface 164 oriented toward
TSV surface 138. Active surface 164 contains analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 164 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 160 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. A plurality of bumps 166 is formed over
conductive layer 136 or contact pads 162 and reflowed to
electrically connect contact pads 162 to conductive layer 136.
In one embodiment, semiconductor die 160 is implemented as a
flipchip style device.

In FIG. 3j, an encapsulant or molding compound 168 is
deposited over semiconductor die 160 using a paste printing,
compressive molding, transfer molding, ligquid encapsulant
molding, wvacuum lamination, spin coating, or other suitable
applicator. Encapsulant 168 can be polymer composite material,

such as epoxy resin with filler, epoxy acrylate with filler, or

-16-



2. The semiconductor device of claim 1, further including: a first insulating layer formed with openings
over the first surface of the wafer level substrate; a first conductive layer formed in the openings in the
first insulating layer and over the first surface of the wafer level substrate; a second insulating layer
formed with openings over the second surface of the wafer level substrate; and a second conductive
layer formed in the openings in the second insulating layer and over the second surface of the wafer level

substrate? %3 Y1 séthidonbGeior Helite 6 craimt L SaRASAtudifa plurdfy of SReshd t8Rductive vias

formed thyaugk the fitst epsapsulantanst eleckicaly: carnacied da theoplurality etfirst eanductive vias. 4.
The semiconductor device of claim 1, wherein the plurality of bumps is formed over the second surface of

thevwﬁeﬁ%ggﬁﬂﬂﬁﬂ%k§ments and contaminants.
In FIG. 3k, an electrically conductive bump material

is deposited over conductive layer 136 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 136 using a suitable attachment or
bonding process. In one embodiment, the bump material 1is
reflowed by heating the material above its melting point to form
spherical balls or bumps 170. In some applications, bumps 170
are reflowed a second time to improve electrical contact to
conductive layer 136. The bumps can also be compression bonded
to conductive layer 136. Bumps 170 represent one type of
interconnect structure that can be formed over conductive layer
136. The interconnect structure can also use stud bumps, micro
bumps, conductive pillars, or other electrical interconnect.

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

Semiconductor die 144 and 160 are mounted to opposite
sides of wafer level TSV substrate or interposer 138 and
electrically connected with TSV 124. The thickness of
semiconductor package 174 is reduced by stacking semiconductor

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

17—



5. The semiconductor device of claim 1, wherein the first encapsulant is deposited around the plurality of
bumps. 6. The semiconductor device of claim 1, wherein a plurality of semiconductor devices is stacked
and each contains the first and second semiconductor die mounted to the first and second surfaces of the
wafer level substrate. 7. The semiconductor device of claim 1, wherein the wafer level substrate has a
coefficient of thermal expansion (CIE) that matches a CIE of the first and second semiconductor die. 8. A

semiconfiRESTd&ViER cordpridieg™a L aStaRer fevel subdtfate TRctudifg st edhdiktive Via formed

through thewaferlevel subsiade o r @ifirst semigonduetor dieemeuntest toithewafeklevel substrate, the
first semiconductor die including a first s.urfacie6 \[/)vith contact pads oriented toward a first surface of the

wafer levaf8Upgtrigctor die 144 and

FIG. 4 shows an embodiment of semiconductor package
178, similar to the structure described in FIGs. 3a-31, with
metal layer 180 mounted to semiconductor die 144, and metal
layer 182 mounted to semiconductor die 160. In one embodiment,
metal layers 180 and 182 operate as a heat sink to dissipate
thermal energy from semiconductor die 144 and 160. Metal layers
180 and 182 can be Al, Cu, or another material with high thermal
conductivity to provide heat dissipation for semiconductor die
144 and 160. An optional thermal interface material, such as
aluminum oxide, zinc oxide, boron nitride, or pulverized silver,
between the heat sink and semiconductor die aids in the
distribution and dissipation of heat generated by semiconductor
die 144 and 160.

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

FIG. 5 shows an embodiment of semiconductor package
183, similar to the structure described in FIGs. 3a-31, with a
narrower semiconductor die 144 or wider TSV substrate 138 to

make room for conductive vias 184. A plurality of vias is
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a first encapsulant deposited over the first semiconductor die and wafer level substrate; a second
semiconductor die mounted to the wafer level substrate, the second semiconductor die including a first
surface with contact pads oriented toward a second surface of the wafer level substrate opposite the first
surface of the wafer level substrate; and a second encapsulant deposited over the second
semiconductor die. 9. The semiconductor device of claim 8, further including a bump formed over the first

conductiveViEShd SV 158 SBRGRP SHrFACE of the Warer fover §GBstfHie L 16D Fha'seRtictridiktor device of
claim 8, fyetheeivgluding-a sesone canduative va fermad-thraugh-the.firshenagpstignt angd etegtrically
connected to the first conductive via. 11. The semicgonductor device of claim 8, wherein a plurality of
semicondittor devices R st4lkel ard edeh BOHAS the HeSt artf s€ddHdF setitbAddEtor die mounted to
the first andesecond surfaces ofithecwateridevel substratei nk?. Ihesemitonductpn devieg opelaim 8,
wherein the wafer fﬁvel substrate has a coefficient of thermal englsnsiloQ 4(CIE) that matches a CIE of the

first and Second semicondu@br gie, t© form conductive v

FIG. 6 shows an embodiment of semiconductor package
186, similar to the structure described in FIGs. 3a-31, with a
narrower semiconductor die 144 or wider TSV substrate 138 to
make room for bumps 188. Bumps 188 are formed over conductive
layer 130, similar to FIG. 3k, prior to depositing encapsulant
156. Bumps 188 are electrically connected to conductive layer
130.

FIG. 7 shows a package-on-package (PoP) with two
stacked semiconductor packages 186 electrically connected
through bumps 170 and 188.

FIG. 8 shows an embodiment of semiconductor package
190, similar to the structure described in FIG. 6, with
encapsulant 192 formed over bumps 170. Semiconductor package
190 is suitable for stacking a plurality of similar
semiconductor packages.

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

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

over TSV substrate 206, similar to FIG. 3k. Encapsulant 212 is
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13. A semiconductor device, comprising: a substrate including a first conductive via formed through

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

encapsulant deposited over the second semiconductor die; and
deposited over semiconductor die 208 and bumps 210.

Semiconductor package 204 is electrically connected to
semiconductor package 186 through bumps 170.

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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a bump formed over the first conductive via. 14. The semiconductor device of claim 13, wherein: the
first semiconductor die is mounted to the substrate, the first semiconductor die including a first surface
with contact pads oriented toward the first surface of the substrate; and the second semiconductor die
is mounted to the substrate, the second semiconductor die including a first surface with contact pads
oriented toward the second surface of the substrate opposite the first surface of the substrate. 15. The
semiconductor device of claim 13, further includirfblé‘%’&?ond conductive via formed through the first
encapsulant and electrically connected to the first conductive via. 16. The semiconductor device of claim

13, wherein the bump is formed over the second surface of the substrate.
What is claimed:

1. A semiconductor device, comprising:

a wafer level substrate including a plurality of first
conductive vias formed through the wafer level substrate;

a first semiconductor die mounted to the wafer level
substrate, the first semiconductor die including a first surface
with contact pads oriented toward a first surface of the wafer
level substrate;

a first encapsulant deposited over the first semiconductor
die and wafer level substrate;

a second semiconductor die mounted to the wafer level
substrate, the second semiconductor die including a first
surface with contact pads oriented toward a second surface of
the wafer level substrate opposite the first surface of the
wafer level substrate;

a second encapsulant deposited over the second
semiconductor die; and

a plurality of bumps formed over the plurality of first

conductive vias.

2. The semiconductor device of claim 1, further including:

a first insulating layer formed with openings over the
first surface of the wafer level substrate;

a first conductive layer formed in the openings in the
first insulating layer and over the first surface of the wafer
level substrate;

a second insulating layer formed with openings over the

second surface of the wafer level substrate; and
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17. The semiconductor device of claim 13, wherein a plurality of semiconductor devices is stacked and
each contains the first and second semiconductor die mounted to the first and second surfaces of the
substrate. 18. The semiconductor device of claim 13, wherein the substrate has a coefficient of thermal
expansion (CIE) that matches a CIE of the first and second semiconductor die. 19. A semiconductor

package, comprising: a substrate having a conductive via extending through the substrate; a first
semiconductor die HRGGEd $6 afitstsuifaceofthe SubSfate! B firStSertapRuknt déPositsd over the first

semicon@dicteidiei nsulating layer and over the second surface of the wafer

level substrate.

3. The semiconductor device of claim 1, further including a
plurality of second conductive vias formed through the first
encapsulant and electrically connected to the plurality of first

conductive vias.

4. The semiconductor device of claim 1, wherein the plurality
of bumps is formed over the second surface of the wafer level

substrate.

5. The semiconductor device of claim 1, wherein the first

encapsulant is deposited around the plurality of bumps.

6. The semiconductor device of claim 1, wherein a plurality of
semiconductor devices is stacked and each contains the first and
second semiconductor die mounted to the first and second

surfaces of the wafer level substrate.

7. The semiconductor device of claim 1, wherein the wafer
level substrate has a coefficient of thermal expansion (CTE)

that matches a CTE of the first and second semiconductor die.

8. A semiconductor device, comprising:

a wafer level substrate including a first conductive via
formed through the wafer level substrate;

a first semiconductor die mounted to the wafer level

substrate, the first semiconductor die including a first surface
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a second semiconductor die mounted to a second surface of the substrate opposite the first surface of the
substrate; and a second encapsulant deposited over the second semiconductor die. 20. The
semiconductor device of claim 19, wherein: the first semiconductor die is mounted to the substrate,
the first semiconductor die including a first surface with contact pads oriented toward the first surface of
the substrate; and the second semiconductor die is mounted to the substrate, the second
semicondlictbr GieHhAGHING 2 frsPEaRACE fith CoPtatt Pads brienfetbTd tHe S8CoritRGTace of the
substrate) eppositethe firstisuifface of the substrate. 21. The semiconductor device of claim 19, further
including a bump formed over the conductive via and over the second surface of the substrate. 22. The

semiconductor device S cIaiHT 28 SWhahdin 1& first ERdapdfianti8 depositdd RUNTRE BTy,

die and wafer level substrate;

a second semiconductor die mounted to the wafer level
substrate, the second semiconductor die including a first
surface with contact pads oriented toward a second surface of
the wafer level substrate opposite the first surface of the
wafer level substrate; and

a second encapsulant deposited over the second

semiconductor die.

9. The semiconductor device of claim 8, further including a
bump formed over the first conductive via and over the second

surface of the wafer level substrate.

10. The semiconductor device of claim 8, further including a
second conductive via formed through the first encapsulant and

electrically connected to the first conductive via.

11. The semiconductor device of claim 8, wherein a plurality of
semiconductor devices 1s stacked and each contains the first and
second semiconductor die mounted to the first and second

surfaces of the wafer level substrate.
12. The semiconductor device of claim 8, wherein the wafer

level substrate has a coefficient of thermal expansion (CTE)

that matches a CTE of the first and second semiconductor die.
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23. The semiconductor device of claim 21, wherein a plurality of semiconductor devices is stacked and
each contains the first and second semiconductor die mounted to the first and second surfaces of the
substrate. 24. The semiconductor device of claim 21, wherein the substrate has a coefficient of thermal
expansion (CIE) that matches a CIE of the first and second semiconductor die. 25. The semiconductor
device of claim 19, further including: a first insulating layer formed with openings over the first surface of
the substtate; 2 & fifst coRdUctverlagerformed iR thE opémifgs in the first insulating layer and over the

first surface of the substfater e i secendchipsulatingdayerdarned with apenings-aver the segend surface
of the substrate; and a second conductive layer formed in the openings in the second insulating layer

and over thE s&E&d Sartace of the substrate.

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

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

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

a second encapsulant deposited over the second
semiconductor die; and

a bump formed over the first conductive via.

14. The semiconductor device of claim 13, wherein:

the first semiconductor die is mounted to the substrate,
the first semiconductor die including a first surface with
contact pads oriented toward the first surface of the substrate;
and

the second semiconductor die is mounted to the substrate,
the second semiconductor die including a first surface with
contact pads oriented toward the second surface of the substrate

opposite the first surface of the substrate.
15. The semiconductor device of claim 13, further including a
second conductive via formed through the first encapsulant and

electrically connected to the first conductive via.

16. The semiconductor device of claim 13, wherein the bump is

formed over the second surface of the substrate.
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17. The semiconductor device of claim 13, wherein a plurality
of semiconductor devices i1s stacked and each contains the first
and second semiconductor die mounted to the first and second

surfaces of the substrate.

18. The semiconductor device of claim 13, wherein the substrate
has a coefficient of thermal expansion (CTE) that matches a CTE

of the first and second semiconductor die.

19. A semiconductor package, comprising:

a substrate having a conductive via extending through the
substrate;

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

a first encapsulant deposited over the first semiconductor
die;

a second semiconductor die mounted to a second surface of
the substrate opposite the first surface of the substrate; and

a second encapsulant deposited over the second

semiconductor die.

20. The semiconductor device of claim 19, wherein:

the first semiconductor die is mounted to the substrate,
the first semiconductor die including a first surface with
contact pads oriented toward the first surface of the substrate;
and

the second semiconductor die is mounted to the substrate,
the second semiconductor die including a first surface with
contact pads oriented toward the second surface of the substrate

opposite the first surface of the substrate.
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21. The semiconductor device of claim 19, further including a
bump formed over the conductive via and over the second surface

of the substrate.

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

encapsulant is deposited around the bump.

23. The semiconductor device of claim 21, wherein a plurality
of semiconductor devices is stacked and each contains the first
and second semiconductor die mounted to the first and second

surfaces of the substrate.

24. The semiconductor device of claim 21, wherein the substrate
has a coefficient of thermal expansion (CTE) that matches a CTE

of the first and second semiconductor die.

25. The semiconductor device of claim 19, further including:

a first insulating layer formed with openings over the
first surface of the substrate;

a first conductive layer formed in the openings in the
first insulating layer and over the first surface of the
substrate;

a second insulating layer formed with openings over the
second surface of the substrate; and

a second conductive layer formed in the openings in the
second insulating layer and over the second surface of the

substrate.
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