SEMICONDUCTOR DEVICE AND METHOD OF USING LEADFRAME BODIES TO FORM OPENINGS
THROUGH ENCAPSULANT FOR VERTICAL INTERCONNECT OF SEMICONDUCTOR DIE Field of the
Invention The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of using leadframe bodies to form openings through

an encapsulant in honeycomb arrangement for vertical interconnect of a semiconductor die. Background
of the InventiJMICONDUCTOR DEVICE AND METHOD OF USING LEADFRAME BODIES

FORM OPENINGS THROUGH ENCAPSULANT FOR VERTICAL
INTERCONNECT OF SEMICONDUCTOR DIE

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of using leadframe bodies to form openings
through an encapsulant in honeycomb arrangement for vertical

interconnect of a semiconductor die.

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 signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and

creating visual projections for television displays.



Semiconductor devices are 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 SRHTESIHUCT dVrcESTREILYE Snitrotshtrbllers! ficroprocessbrE thardet-E8iiled devices
(CODs), selangellss andddigifal gnigea-misakdeviees (DMBshorks, Seampicondystos gevices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electrom&gretit §ign&ls CcbHifolling TR GR UEVICes, faRforminy Surfightto’@Beicit), and creating
visual prejectionsrfor televisieatdisplays.aSeatcanductardevicesware foudd i thesfields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor
devices a%%%ooflgju% Sh nifitary gﬁﬁﬁceati%%g,l RUigtidn, automotive, industrial controllers, and office
equipment. Semicdnduciorcdesicesexpleit thecelectricat properiesafigemiconductor materials.

The atomic structure of semiconductor material allows. it electrif.gl conductivity to be manipul§ted by the
.. ropertﬁe?.o éemkFonductOf mﬁFerﬁ$ S. e aFamLC S ructur? 8

appllcatléon of an electric field or base current or through the process of doping. Doping introduces

impurities #ta then semiconduetor matérialltbananiptkate aad tontrelltheccohductivitycof the Seeiconductor

deviCe. s odh SITIEONOUEIRL deE Contains agive,and pansiye glactiicpl scies, Active
structures, mcl%léllng prO ar an ?Ie ('Ejg ect transistors, control tﬁe?low Ofle ectrical current. By varying
levels of dopmgrandeapplicatioybf ahelevtic field orfbasercurent, thedransistortaitiiergpreomotes or

regﬂCStﬁﬁgﬁ¥{9ﬁ@§CQQﬁgmﬁﬂgﬂsgﬁﬁ%g%ductor 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. FEach semiconductor die is typically

identical and contains circuits formed by electrically



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 Potérifaty Hundreds'6f steps HEroRt-8fd nvaitacifing in “thB%ormation of a plurality of die

on the surtage of asamicgnducten waters Eagh semicenductardie isstypicatly identicat and goatains
circuits formed byHeIectricallﬁ connecting active and passive companents. Back-end manufacturing

involves Sihglating inditittarSeMitbhdudr drefrSmIn8 Sinidhedwater 8nBHakk&Ging the die to provide
structuraksuppori:and esvirprunentahisotationr thederna Iseniconductor, dietias useghherein refers to
both the §in%ﬂlar angé!)lural form of the wordg, %nd accordingly can refer tq both a single I:'miconductor
device and MUpIE SeMmicEndictor d&VIckES " S Hhe§oal of semicohductoFma&nttatitfing is to
produce smallerlsemicondueton devices wosmakler devices-typically gbpsume less pawer, Haverigher

performance,.ar\lndlcan be prod cedﬁmor%efflmentlé/hw a%g[llclon, smaller semlg%rg:dtuctor devices have a

smaller fgotﬁﬁng which IS desirabfe for smaller en proglu s'K %?na?l%%gr%rllcondugfor die size can be

achieveddswimprevements in the front-end process resulting in semiconductor die with smaller, higher

density active and passive co(rjnﬁonoeptss.eBmafga%régu%@ges%%s mfg’lé( Crgsult in serglcgnductor device

. n Uring. 1 roduc .
packages with a smallernfoo(rjbrlnt by improvements in electrical interconnection and pgckaglng materials.
A convertionalfan-cwrwafentavet chip&edlecpackage(FoIWt C8P)imay comtairra sémiconductor die with

bumps formed, gyer £oatack pads on,an actiye surfacs of the die, The semicandugior die s maunted to a

substrate and covered with an encapsulant. Conductive vias are formed through the encapsulant around
the substrateforVériicakaledtrical ihterediatidct oHowever. Hiee foratation ot eonhdictilawias may involve a

time-consyingplating piaess a0 susospiible  voids and.aiher defects, The defects lower

manufacturing yield and increase cost. n another conventional Fo-WLCSP, a leadframe is
mounted®vefaSemicoAdutterard sasstiste NTRE feadfdhte Rage 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.

A conventional fan-out wafer level chip scale package
(Fo-WLCSP) may contain a semiconductor die with bumps formed
over contact pads on an active surface of the die. The
semiconductor die is mounted to a substrate and covered with an
encapsulant. Conductive vias are formed through the encapsulant
around the substrate for vertical electrical interconnect.
However, the formation of conductive vias may involve a time-
consuming plating process and is susceptible to voids and other
defects. The defects lower manufacturing yield and increase
cost.

In another conventional Fo-WLCSP, a leadframe is

mounted over a semiconductor and substrate. The leadframe has



vertical conductive bodies that are disposed over the substrate and around the semiconductor die. An
encapsulant is deposited around the semiconductor die and conductive bodies. When the leadframe is
singulated, the conductive bodies are electrically isolated as conductive vias within the encapsulant for
vertical interconnect. Warpage is a principal concern for the Fo-WICSP, as well as defects from electrical
shorts. Summary of the Invention A need exists for a simple and cost effective vertical electrical

interconnéet bf-& 3enficdrtitictordie PRECS AingRA n BRE efisttfimert, AWE prédent HVeRtiGA i€a method
of making, acsemicanductarderes eomprisingrthe steps afprevidinga leadfrane hayingia base plate and
a plurality of bodjes integrated with and extending from the base plate, mounting a first semiconductor die
to the ba8& PHE of fife fealfra bthREndhE boafesS aBHBSTng an&thpsulant’8G&r thBSirst
semicondugciartdiensndikasei plgtel ard ajountekthe haglies: ok thedeadfeame rreneQuag aiportior of the

encapsulant (r:;ver tge bodies of the Jeadframe to fc%rﬁcﬁrst o%enings in tl'ﬁﬁ enca, sulant that expose the
bodies, forAfing an‘infatcsineet strudfard 698 theehcapsiifant 3had R5dErdfitg ints thefirst 5genings to the
bodies ofithedeadfraraerand vemevigg the leadframe apd bodiesdefarnt secaned operinygs $rthe

encapsulagt (V:q%r{eifpé)nd%ggté)c%pacg . previo glé/tq:cicggfds% %t]aesbodles to expose the interconnect

S om e e . .
structure. nanother embo iment, the present invention is a method of making a semiconductor

device comprising the steps of providing a carrier having a plurality of bodies extending from the carrier,

mounting a first semiconductor die togg&gggierol}etwﬁgnfp}%ggggegndepositing an encapsulant over the
first semiconductor die and carrier and around the bodies of the carrier, removing a portion of the

encapsulant over the bodies of the carrier to form first openings in the encapsulant that expose the

bodies, forming an intefconneet structure over the ¢ _ psulant and ggteépg&m%éh%féﬂgggqings to the

bodies of the carrier, and removing the carrier and bodies to form second openings in the encapsulant
correspoRdingto Spade prévisusipoectpied by thebbdiextodxpose the intéropndetsitucturen

In anothey embodiment, he presentinvention is agmethed,of making a:semicgpducton device comprising
the steps of providing a carrier having a plurality of bodies extending from the carrier, mounting a first
semicondifitercaiedd He EartieY betveam el sadies, tdeposhitRigSar? éneapsulahtsver the first

semiconducterdigandcarigrand groundthehodiesiotthgiGartar; £gyminrg gpdterconnect structure over
the encapsulant and extending to the bodies of the carrier, and removing the carrier and bodies to form

first opentAg<CHths ThcHpstlaftcorfeSpordintoispdeeBieviorsky detapied BPtHeHdtes to expose the

interconnect SYUGIHES. conductor die to the base plate of the leadframe

between the bodies, depositing an encapsulant over the first
semiconductor die and base plate and around the bodies of the
leadframe, removing a portion of the encapsulant over the bodies
of the leadframe to form first openings in the encapsulant that
expose the bodies, forming an interconnect structure over the
encapsulant and extending into the first openings to the bodies
of the leadframe, and removing the leadframe and bodies to form
second openings in the encapsulant corresponding to space
previously occupied by the bodies to expose the interconnect
Structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier having a plurality of bodies extending from

the carrier, mounting a first semiconductor die to the carrier



In another embodiment, the present invention is a semiconductor device comprising a carrier having a
plurality of bodies extending from the carrier. A first semiconductor die is mounted to the carrier between
the bodies. An encapsulant is deposited over the first semiconductor die and carrier and around the
bodies of the carrier. An interconnect structure is formed over the encapsulant and extending to the
bodies of the carrier. The carrier and bodies are removed to form openings in the encapsulant

correspoRGihY 6 $pate pralidEsly odEliad b tHe HodREEBRERPERB thé iRErconRelttilicture. Brief

Descriptiga@f thenBrawipgsdie and|Gaiiillustratesia pristadicirquit board {BCHY) withedifferent types of
packages mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative semiconductor

packages fouhitéd to e PEBY FReS Fat3C Hustrate s sERCOHtIULISH waréF vith i Podies

of the carrier to form first openings in the encapsulant that
expose the bodies, forming an interconnect structure over the
encapsulant and extending into the first openings to the bodies
of the carrier, and removing the carrier and bodies to form
second openings in the encapsulant corresponding to space
previously occupied by the bodies to expose the interconnect
structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier having a plurality of bodies extending from
the carrier, mounting a first semiconductor die to the carrier
between the bodies, depositing an encapsulant over the first
semiconductor die and carrier and around the bodies of the
carrier, forming an interconnect structure over the encapsulant
and extending to the bodies of the carrier, and removing the
carrier and bodies to form first openings in the encapsulant
corresponding to space previously occupied by the bodies to
expose the interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a carrier having a plurality of
bodies extending from the carrier. A first semiconductor die is
mounted to the carrier between the bodies. An encapsulant is
deposited over the first semiconductor die and carrier and
around the bodies of the carrier. An interconnect structure is
formed over the encapsulant and extending to the bodies of the
carrier. The carrier and bodies are removed to form openings in
the encapsulant corresponding to space previously occupied by

the bodies to expose the interconnect structure.



plurality of semiconductor die separated by saw streets; FIGs. 4a-4q lllustrate a process of using a
leadframe with Integrated bodies to form openings through an encapsulant for vertical interconnect of a
semiconductor die; FIG. 5 illustrates a Fo-WLCSP with openings formed through an encapsulant
using a leadframe with integrated bodies for vertical interconnect of a semiconductor die; FIGs.
6a-6b illustrate a PoP arrangement with a semiconductor die mounted to the Fo-WLCSP;

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 saw streets;

FIGs. 4a-4g illustrate a process of using a leadframe
with integrated bodies to form openings through an encapsulant
for vertical interconnect of a semiconductor die;

FIG. 5 illustrates a Fo-WLCSP with openings formed
through an encapsulant using a leadframe with integrated bodies
for vertical interconnect of a semiconductor die;

FIGs. 6a-6b illustrate a PoP arrangement with a
semiconductor die mounted to the Fo-WLCSP;

FIG. 7 illustrates the Fo-WLCSP with bumps formed on
the semiconductor die;

FIG. 8 illustrates the Fo-WLCSP with a TIM and heat
spreader mounted over the semiconductor die;

FIG. 9 illustrates the Fo-WLCSP with a shielding layer
mounted over the semiconductor die;

FIGs. 10a-10c illustrate a PoP arrangement with a
semiconductor die mounted to a Fo-WLCSP containing a TSV
semiconductor die; and

FIGs. lla-1lc illustrate a PoP arrangement with two
semiconductor die mounted to a Fo-WLCSP containing a TSV

semiconductor die.



FIG. 7 illustrates the Fo-WLCSP with bumps formed on the semiconductor die; FIG. 8 illustrates
the Fo-WLCSP with a TIM and heat spreader mounted over the semiconductor die; FIG. 9
illustrates the Fo-WLCSP with a shielding layer mounted over the semiconductor die; FIGs.
10a-10c illustrate a PoP arrangement with a semiconductor die mounted to a Fo-WLCSP containing a
ISV semiconductor die; and FIGs. 11a-11c illustrate a PoP _arrangement with two semiconductor

die mounted to a Fo-WLCSPPE &My RFSFEthtdattordig, Prawings

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
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

conductivity of semiconductor material in active devices,



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

as defined P e dppendetitaif e aiP T Eqiivalens assupporedBy theBRGnG disclosure and
drawingsconduct Semieendugtendevices arergenerally meautagtired:ising o gamplexsmanufacturing
processes: front-end manufacturing and back-end manufacturing, Front-end manufacturing involves the
formatior 64 Pilraitty of did'off B8 SUrF4ce6f & Sefmicondutiorwater EdchPdié onthe Wafer contains
active and:passivetelectricalcomponenis,omBich are glectrieallygennested todgrm dunciional electrical
circuits. /;éctive electrical con&ponents, such as transistor%gnd diodes, have the ability to control the flow
of electriCai CtHEnt Pasi/e el8ttricalEoimporents, STt as chpacitors TRddctdrs, résistord A
transformers rereatei a relatienship betweerl valtagecand currertneagssarytiogperfasmielectrical circuit
functions(.D he Pfg%i%/% f‘é‘d f%céifg cgm%onsegtsc %Eerl‘(é)rrlmed over the surface of the semiconductor
wafer by a'series of process steps mcludclng %oping, deposition, photolithography, etching, and
planarization. Doping iAtroducesampusities ime themsenmeonductorandteriabby techhiguesssuch as ion
implanta%oantgrr tlhe @aL,qi{fHSng }'Qe doﬁi“&%ré’%%%% modifies thgteilggricalj%erldygtiviy ofcsaergniconductor

. a . ren Ol?r%ve . Iye S
material in active devices, trans orming the semiconductor material into an insulator, conductor, or

dynamicdlly changaw the sermieondtictor aterial cohdactivitydh résporsedo taarelectid field or base
current. Trapsisiars contain regians gf varyingtypes and degrees afdopipg arranged as necessary to
enable the transistor to promote or restrict the flow of électrical current upon the application of the electric
field or basd pudemosition 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

electroless and electrolytic plating.



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 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. HPRJers'Csh Be pattBriettdsing phatohthicytapiy: wiieh fivbRlestHe deposition
of light sensitivermaterial «:6qphptaresish Oventhelayento be patteres A patternds Hransferred from a
photomask to the photaresist using light. In.one embodiment, the portion of the photoresist pattern
subjected To igHtTe Yerhdddd G8h§H Solvert, EQﬁgﬁﬁﬁlbﬁrtgn%tofst% Eﬁﬂ@rl;}iﬁgﬁﬁf%%ﬁ pgatterned. In
another eypbedimensnthe portiemaf therehaleresist patietkaat sibjected dalighta Hiei pegative photoresist,
is removed using a solvent éx%osir,]lg%ortions of thE underlyinA% layer to be patterned.. The remainder of
AVihg e

the photoresisti Thioved” JiAG A patferisd (eY AternStaly, Sohietypas of materials are
patternedhy directhadepaoesitinghthesmateriad into the dreas ar woids tormegd Yyl a previeuds deposition/etch

process ysing ledhniques such,as slectroless and electiolviic plating. ., . Deppsiting.a fhin fim of
material over an éxisting patjtern can exfggeratejtﬂg underlying pacftern ana create a non-uniformly flat
surface. Aahifeimlyflatsdfac@is mouiredie pradycei smaklercantbmore tdenselizgacked agtive and
passive components. Plan%rlilzrarlion caonfb%ngg] Iq-remave material fr.orp*ttgle surf%%ee of the wafer and

h 1 . : .
produce a umeformly fFatesurface.alglgnarlzatlon Involves p%ﬁslﬁll%g]%ﬁe surface of the wafer with a polishing

pad. An abrabiveenatesiahamd cerrosivé themidal Are added 16 te sudaceoofthe waferdurieg: polishing.
The combiped,pechanjcal a?‘f“?@&é%esaBG%%'Vfr%dg%fifé%s"é%s%%f}@? hemicalremayves any
Irregular topography, resulting in a uniformly flat surface. ack-end manufacturing refers to
cutting orsiagalatiag tie fiishad ivader-into the individual die and then packaging the die for structural

support and environmentalisalation. 1o, singulate the semicondugtor dig, 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 cuttiig @0l of a8 bade. At Shfgulatiort the Hdividdha sersiesndiddr diesarethodrted to a

package subsgtrate fhat lncludes ping-oreonfactpads fonintercongggtian, with other-sysiem components.
Contact pads formed over the semiconductor die are then connected to contact pads within the package.

The electrital-édniridttions eaf bedmadeé with Sol &M HRPS Utaa bufss, cbhfudtieSFasts, or wirebonds.

An encapsuant or othergpelding materipl is depesitediowes the package torpronide.physical support and
electrical isolation. The finished package is then Inserted into an electrical system and the functionality of

the semiéohidtictorFetice-Ghisde QVaifibie {5 fhe othRF sYGERTcompSHeE LReS L iddtrated electronic
device 50 hbawAg@E€HPng tool or saw blade. After singulation, the

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

FIG. 1 illustrates electronic device 50 having a chip



carrier substrate or printed circuit board (PCB) 52 with a plurality of semiconductor packages mounted on
its surface. Electronic device 50 can have one type of semiconductor package, or multiple types of
semiconductor packages, depending on the application. The different types of semiconductor packages
are shown in FIG. 1 for purposes of illustration. Electronic device 50 can be a stand-alone system
that uses the semiconductor packages to perform one or more electrical functions. Alternatively,

electroni€A&VitE 50CHLE A SubebnipohBhESE & drger Systemt Eorl BkampR? electfontc device 50 can be
part of a gelitan phgne; pessomnat digitat-assistant (RIGA) digital videaeamers (AVEh @ other electronic
communication device. Alternatively, electronic device 50 can be a graphics card, network Interface card,
or other 5&&&1%88&&“‘?968&%%@5 & Be s ntd ERBntpute Hhe Lemicsndudsrpadéye can
Include mieropioceSSDES, HREMOries, application specitic pHegrated cireldts(ASIQY; logicwaireuits, analog
circuits, RF circuits, discrete ices, or other semiconductor die or electrical components. Miniaturization

evice;
and weighPFedtiction aPe esgiqr%iaﬁlférgﬁgg@ brodietd 1obe AeHENRADBY the mErket fhedistance
between semiconductaralevicesanustiedeereaséd 16 ackieve thigher density. In FIG. 1, PCB 52

provides a general subFfs rate for structural . support and electrical interconnect of the semicgnductor
packages mounted on he E?Elf.r&ocnﬁ%ﬁ\llg ésgiggr)\éll ?r%(r:leg) 54%ré !?&rrlngeaa (%\(/Délrea §&’ﬁ§§éﬂ o?c%lvﬁﬁin layers of

PCB 52 usirg evaporation celedinaliytic ptating aglestroless gietimgn soreencprintingg or other suitable metal

deposition progess. S04l races o4 proyifeder slechica) communication bepeen each olife
semiconductor packages, mounte components, and other externa system components. races 54 also
provide power and grourchcarinections iaegelr osthetsemicoRducterpackagesslectronic

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

other external system components. Traces 54 also provide power

-10-



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 where the
die is mechanically and electrically mounted directly to the PCB. For the purpose of illustration,
several tfp¥s GFFrEORVEPHEKAG MY} hchifg BBnd Wird Fad&le B8 dHE fifchii54 248 Shown on PCB
52. Additionally, severalitypesef seqondilevelpackagingninchiding bakk grd-ar@y ([BGA)XGQ bump chip
carrier (BCC) 62, dual in-line package (DIP?j 64, land grid array (LGA) 66, multi-chip module (MOM) 68,
quad flathdniEadiedhackige {QFN) 70> and it Mt PatRage 72 Sare oW nidtintddon PCB 52.
Depending:upem thessysieamnequrements; anycombinatiomef semicesflucion packagesq cenfigured with
any combinatjon of first and second level packaging styles, as well as other electronic components, can
b connetibd (HBEE S5 T SoR R SEbAmAE e S T E G MRILER & S attached
semiconaustorspackagey whilel otherermbediments ealbfat hagtipledntencennested packagesi By
combiningoonceh%r mare se iCOQQHgE?ngg‘g%q%SGO‘{%f a ginglemsiucbosrtlr ted trg%n_%fggtu(gersm%an incorporate
pre-made components into &lectronic devices andnsystems. BEcAUsE the semiconductor pé/ckages
include sophigtitated fumctiohatity; electrehiccdevicesican bé eranufacturedtusing cheaper components
and a str%%rglllig%dl mar fa%tHr'n% Péoccterss.cgﬁ re%uoltlilrglgC ggvig{%sr re @ss tIikeI%/ to f@i&gnd less expensive
to manufacture resulting'in‘a lower cost for consumers. 1Gs. 2a-2¢ sﬁow exemplary
semiconductor packagésrFiG2alluswatesddrthrldetaif of DIP. 64snuemted criyPEB 5Z. Semiconductor
die 74 Ingludes ap aclive tegie coniaining analog,or dgital qjiculls tmplemented as,aetive devices,
passive devices, conductive layers, and dielectric layers formed within the die and are electrically
Interconrfekied-hécordihg torthe elevtrical tleBSigh cfthe dield-or examiple, the<itedit tah Yimsldde one or
more transistors, dicdes, Inductors, capagitors, (esisiers, andsatheg cireuit elements formeghwithin the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,
such as aluffimuih {R1): Topper (GBS N (8R), rickel (NI, delaFABR Bt xiter((Ag)) ald are éRétrically
connectegd.to the cirguit elegagnts formed withinsgmicapducior gdievi4. dauring assembly of DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or

adhesivefiatefial BacH a8 therRidl bpdXy ofBRosiy fssirt. fie packayéhotly Ingftfles MiRsulative

packagingdnatesial sichras pelymerms ceramicy; Gonsuctor deadss8Q and hondwires,82 previde electrical
Interconnect between semiconductor die 74 and PCB 52. Encapsulant 84 is deposited over the package

for envirdritAERtERHrbtettioh 5FPreveRfimy rftistB A EAd partickfromieritering tHe padkage and

contamina¥ing septicdusiorddie 74 orronebwikesi82evel paklG.ZhbjustratesSurther detail of BCC 62
mounted on PCB 52. Semiconductor die 88 is mounted over carrier 90 using an_underfill or epoxy-resin

adhesiveTaferiaf §2 SB61d e D4 BRI Hs ClevEPPadkagiiy MEstEfiné&t Betwear contatt pads 96
and 98. Melding-aappatiac 0k enedpsttardl 0 is deposited overcsemiconduciondie=88 and bond wires
4 to provi ical rt and electrical isolation for th ice. 102 are farm ver
d4top 0?1%%@; §o?asé%@%%%&%E&Ctp%%k%og%t,o 1o fhe deyice. Contact pads 102 a1 frmed over a
surface o using a

multiple interconnected packages. By combining one or more

semiconductor packages over a single substrate, manufacturers

can incorporate pre-made components into electronic devices and

systems. Because the semiconductor packages include

sophisticated functionality, electronic devices can be

manufactured using cheaper components and a streamlined

manufacturing process. The resulting devices are less likely to

fail and less expensive to manufacture resulting in a lower cost

for consumers.
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suitable metal deposition process such as electrolytic plating or electroless plating to prevent oxidation.
Contact pads 102 are electrically connected to one or more conductive signal traces 54 in PCB 52.
Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In
FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106 with a flipchip style first
level packaging. Active regqion 108 of semiconductor die 58 contains analog or digital circuits implemented

as active devices, passivé tevices ZContitietive Tard, 3nd digletti Ayeisformed ae6itling to the
electricalrdesigreef the diethrerexample - thercikgutt £an inglude wneommare-teansistors; gligdes, inductors,
capacitors, resistors, and other circuit elements within active region 108. Semiconductor die 58 is
electrically AHE RIEERGHIRAIN ESnrEcted to EafFer 106 3MToligh BUHpS 11601 21N 1BE APEE I Giectrically
and mechaniealtyi eeiinecied-toi PEBind WihanBEA stylessecond lavet packagipg singsbumps 112.
Semiconductor die 58 is electrically connected to conductive signal fraces 54 in PCB 52 through bumps
110, signafiiMés P14, S BGhpE 11 ?X\erﬁgl’dinajlgor%bgéﬁ(fﬁqéﬁc SUTrit 1%%@%%&5%& d Over
semiconductoridie S8nanchearriel 4061ta paovige physicaksupporicandelestricahigotationtfer the device.
The fIipchiE semicon ucé(()ersdleviceO @rotv}ildes a shortélectrical cnguct{%nepath from the active devices on

semiconductor die 58 to conduction tracks %ﬁ%’CB 3'in Grderto reduce sfé%\]éFblrlopa(é%ﬂon distance,

lower capacitinde, amckinoprove ovetatkbcircuittperformancd ey, aniothercembedimerntathetsemiconductor

die 58 capebs_e. mechamcg%ag%ﬁleerctrlcall uconnggtg eq{EesCtlil 59 mPeCO{_% 52 using f|IHChI§ C\?v%tlg gfli)sz;SI:vel

packaging WI%hSOtU?]I:nStérme late carrieﬁa . |J-'| . 3a shows a semlcon(yulctor wa eriz
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 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.

Contact pads 102 are formed over a surface of PCB 52 using a
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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 a non-active, inter-die wafer area or saw street 126 as described above. Saw street 126
provides cutting areas to singulate semiconductor wafer 120 into individual semiconductor die 124.

FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die

124 has &'aERSUaBE 128 dhtRatiive Stffate AZ0Thntainihg’ahalog oF Biyitar difcuitsdmpiémented as

active deyices, passive deyces, Londyctive layets anddielestricdayersderned withimtheidie and
electrically interconnected according to the electrical design and function of the die, For example, the

circuit m&y Mcfirferie' 6PrhbYe fraRSEOrE dibles hd GthBP EifciiCEIRREnts forfied Within active
surface 13P4edmplement aratod gircuitsuercdigital cirguits, rsichaas digitalsignal preoeessos{BSP), ASIC,
memory, or other si%naé%oroce sinqecircuit. Seénic(ﬁ:&d%uct%r %ie 1%4 may also contain integrated passive
devices ( D§), stich a8 indit ors; 585&0%‘, ahd resistors, TSt |§ Signal processing. An
electrically conductive layer 182 i tgrmednoverrattive surface 130 usingnBVDY, €V zelectsalytic plating,
electrolescsoplatin%A%)roc Ss, or other suitalil%ﬁ?etiajag[epo itjan plocess, Cc?ndlﬁt;_ygtlax%r 132 can be one

in madigte carrier W 1 1p Stvle.. N X
or more layers otT , CU, §n, Nl,%u,JAg, or other suitable e egtrlcaﬁ)y Sonductive material. Conductive

layer 132coperateisnas contactipads electrically 8onrected ta thedcirduits ahiactbe surfaceil80. Contact
pads 132 carhbe dis]po ed s'del-b -side a first dist%nce from the edge of semiconductor die 124, as shown
in FIG. 38.n,&ltéjr%aﬁveIélgolnj%gct [)%aldrscluéztganlgg offset i%enqluﬁtlf)lea?%wges&%ﬁ\t]ﬁeﬁ a first row of contact
pads is disposéd @ fitstdistahcedrom tlve etige b ttverdie, and adsexbhdtrowcoflcoytact padsredteérnating

with the firstrowis disposed a sgeand distance fromdhe gdgeplthg die. pop M EIG3C. e

semiconductor wafer 120 is singulated through saw street 126 using a saw blade or laser cutting tool 134
into indivithiiat sarmiconduttos Higl¢2one or more transistors, diodes, inductors,

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

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
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.

FIG. 3a shows a semiconductor wafer 120 with a base
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FIGs. 4a-4q illustrate, in relation to FIGs. 1 and 2a-2c, a process of using a leadframe with integrated
bodies to form openings through an encapsulant for vertical interconnect of a semiconductor die. FIG. 4a
shows a portion of wafer-form or strip form carrier or leadframe 136 having a base plate 138 with die
mounting sites 140 and a plurality of bodies 142 integrated with and extending from the base plate. FIG.
4b shows a top view of leadframe 136 with multiple rows of integrated bodies 142 in_a honeycomb
arrangenBit Ao e bAse platé 1382y orfd*Embdinient; feidifrafite 136 i9'8n uAshyultted, pre-formed,
laminated, substiate made with lgadfsame dagnwactyiing deehnigues, syich asrstamping-er-etching into a
single integrated structure. Leadframe 136 can be a pre-plated leadframe (PPF). Leadframe 136 can be
gold, silvEFEKet, platindit “eohpet Yediipet dloyS (iHEIGaMG ShetoPmord RMERS Bf hickel: fron, zinc,
tin, chronfivpnsilvern and phosphorasisharother suitable,conductivednaterialsr Leadframeck36 provides
structural support and electrical interconnection for semiconductor die 124, AEt rnatively,
temporarflrcéz:ljﬁiéjrr 135 Cormaihs S sggﬁicﬁzﬁ basé %&t@ﬁél SRS silica! germaRiun; gallium arsenide,
indium phasphide; silicontcatbider resin, tos athercsuitable lovmcasinrigidtmateriakfor stracturalsupport.
Carrier 11;?1 é{}céli%s qiesrgogrétig%jsithcsol40 gnd ?3204urality of bodies 142 extending from the carrier.

In FIG. 4c, semiconductor die from IJ—CIC%. 3a-3c are positioned over die mounting site 140 with back
surface 128 oriented taward |[8adfsdmmedl 36. E16G séd shows sealiconductaridie I2dmoontedfto die
mounting.sie; 149 betwesn podies 142 Ieadliame 136 wiih die.aliach adhesiye Lad. as pariof a
reconstitdited or reconfigured Wafer level package. In one em O(Ciiment, a vacuum is drawn on base plate
138 of leadfrdme< 3646 reddce warpagesdurrg subsequent peocessingastepsg or digiRi&l4e, an
encapsulant.ar,molding, compound 146s deposited; ovar semicpnductor dig.124.and leadframe 136 using
a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination,
spin coatirgy) dv othersuitablerapplizatbr AEadgssulartt 146vearsbé polyaerdonpasitenaatéiial, such as
epoxy resip withy filler, epoxy,acrylate with filler.«ar polymaer, with proper filler. Shhe:yisgosity of encapsulant
146 is selected for uniform coverage, e.g., a lower viscosity Increases the flow of the encapsulant.
EncapsuRa® 146 isthenendtcie &id ERvirchifentally protéersthe sericoroiictordevice/from external
elements;and ceptapunants. inanotherembadiment, & filtp assist meld, (FAN) ean bg applied over

semiconductor die 124 and leadframe 136.
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.

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
from the edge of semiconductor die 124, as shown in FIG. 3b.

Alternatively, contact pads 132 can be offset in multiple rows
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In an optional step, a back surface 148 of encapsulant 146 is planarized by grinder 150 to expose active
surface 130 and conductive layer 132, as shown in FIG. 4f. Encapsulant 146 also be planarized by an
etching process or CMP to expose active surface 130 and conductive layer 132. In FIG. 4g, a portion of
encapsulant 146 is removed by an etching process through a photoresist layer (not shown) to form
patterned openin%s 152 and expose bodies 142 of leadframe 136, Continuing from FIG. 4e, a portion of

encapsul@RER46 & remobed By arPdtchihngTHoEEsEthiadgh A pHdtoresitfhyer fo-fofm patterned
openingsiks4 and expesenbedies d42e as shewa in F4G. 4hdinthesaseiprasessingsiep.aaportion of
encapsulant 146 is removed by an etching process through a photoresist layer to form patterned
openingsCT56 afd ERPOSE LOHAUEVE 14yt 135 S semmBonduitdrdinstsh. & SeCKternatively, patterned
openingsdlist-356 €anheformed &ydaserddirgct ablation (LDA) using laser 158 to remove portions of
encapsulant 146 and expose bodies 142 and cor&ductive layer 132 ig applicatjons reqyirigg finer

interconnect dimensions! as'showrtin FIE 47 AUt R G Gf ah‘dledtricaily ehdtictive layer 160 is
conformatly applied over encapsulamd 46s theyexpased portide bodiesalE; andtthe exposed conductive

layer 132 usjng a patterning and metal depositjon process s g s printing, PVD, CVD, sputtering,
electroly%l(;§ |51Ia%rrllgtf23 and ' lectlré:%%rg pfaetfrﬁb.gﬁ%%%ﬁg?vre a§%ruf éa can be one or more layers of Al, Cu, Sn,
FIGs. 4a-4g illustrate, in relation to FIGs. 1 and 2a-

2c, a process of using a leadframe with integrated bodies to
form openings through an encapsulant for vertical interconnect
of a semiconductor die. FIG. 4a shows a portion of wafer-form
or strip form carrier or leadframe 136 having a base plate 138
with die mounting sites 140 and a plurality of bodies 142
integrated with and extending from the base plate. FIG. 4Db
shows a top view of leadframe 136 with multiple rows of
integrated bodies 142 in a honeycomb arrangement around base
plate 138. In one embodiment, leadframe 136 is an un-
singulated, pre-formed, laminated substrate made with leadframe
manufacturing techniques, such as stamping or etching into a
single integrated structure. Leadframe 136 can be a pre-plated
leadframe (PPF). Leadframe 136 can be gold, silver, nickel,
platinum, copper, copper alloys (including one or more elements
of nickel, iron, zinc, tin, chromium, silver, and phosphorous),
or other suitable conductive materials. Leadframe 136 provides
structural support and electrical interconnection for
semiconductor die 124.

Alternatively, temporary carrier 136 contains a
sacrificial base material such as silicon, germanium, gallium
arsenide, indium phosphide, silicon carbide, resin, or other
suitable low-cost, rigid material for structural support.

Carrier 136 includes die mounting sites 140 and a plurality of

-15-



Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 160 follows the contour of
encapsulant 146, including into openings 154 and 156. In one embodiment, conductive layer 160 includes
an adhesion layer, barrier layer, and seed or wetting layer. One portion of conductive layer 160 is
electrically connected to conductive layer 132. Other portions of conductive layer 160 can be electrically
common or electrically isolated depending on the design and function of semiconductor die 124.

In FIG. 4P,Oﬂfﬁl%upalfi1¥|gedftcﬁé1@&ﬁ@ IAFEr™L62°R f6fhéd Ber encapsulant 146 and conductive layer 160

using PVD, CVD, printing, spit.coatingsspray seating Jamination: sinterng or thermakoxigdatior The
insulating layer 162 contains one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon
oxynitridé RSN Bfitaloi T peAtbRidB{1B508F afurhinui 8xitie (RIZOET b otiEidbltene (BOB),
polyimides (PRI} potybenzoxazoles 4BBEImor Diiwer suitable dielestiisapaterial. o pedioneef insyating layer
162 isre ed by an etching process through a photaresist layer to expose conductive layer 160.

In FIG. 417 An BRecay CnAUciVETAYEr 164 f6 &onforimally BSHIRR GVs EoRdudive Tayer 160 and
insulatingl lyer t62¢Isingra patiarnirigeand metal depasitioneprocess suclpas tprinting, PVD, CVD,
sputtering, electrolytic plating, and electroless flatin Conductive layer 164 car&be one or more layers of
Al Cur SHCTORT AURG ot Dines LIS SN Condiciie hatarar CondUctee fayer 164 folows
the contoemiod condudtivedayercl60nand insutatimgdayérak62. hi @he enmiBodimeht ccondemtivel [yer 164
includes an a]gggaigg Iwaayer, barrig{llrajygr asndg%eed ar Wettingcla er. Onespcoertion of conductive layer 164

: . t . :
is electrlca?ly connected 10 'conductive layer Other poﬁ}:ons of conductive I%yer 164 can be electrically

common or electricallyisol&afed-desending en the design andrfunctichi obsemitondoctot die 124.

deposited over semiconductor die 124 and leadframe 136 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 146 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. The viscosity of
encapsulant 146 is selected for uniform coverage, e.g., a lower
viscosity increases the flow of the encapsulant. Encapsulant
146 is non-conductive and environmentally protects the
semiconductor device from external elements and contaminants.
In another embodiment, a film assist mold (FAM) can be applied
over semiconductor die 124 and leadframe 136.

In an optional step, a back surface 148 of encapsulant
146 is planarized by grinder 150 to expose active surface 130
and conductive layer 132, as shown in FIG. 4f. Encapsulant 146
also be planarized by an etching process or CMP to expose active
surface 130 and conductive layer 132. 1In FIG. 4g, a portion of
encapsulant 146 is removed by an etching process through a
photoresist layer (not shown) to form patterned openings 152 and
expose bodies 142 of leadframe 136.

Continuing from FIG. 4e, a portion of encapsulant 146

-16-



In FIG. 4m, an insulating or passivation layer 166 is formed over insulating layer 162 and conductive layer
164 using PVD, CVD, printing, spin coating, spray coating, lamination, sintering or thermal oxidation. The
insulating layer 166 contains one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. A portion of insulating layer 166 is removed by an
etching process through a photoresist layer to expose conductive layer 164. FIG. 4n shows a

temporary SubSTAIERST Cafrir1 76 EBntahiRg Satrifid it Haterial SGAT &S Sifiton 3¥GYmER, beryllium
oxide, or pther suitablerlonscesterigid Jrateral for strugitisalsuppatte Aninteyfage layasar dosible-sided
tape 171 is formed over carrier 170 as a temporary adhesive bondingftfilm or etch-stop layer. The

reconstitited or 18configliréd fatérevapackage ¥ FiG SBm i€ isiintdd to MefACE RSB 17t and carrier
170 with inssllatingdayertet orerteddowanchthegastiess throlirlG. 40,deadkametl3Gaigaemoved by

an etching process, leaving openings 172 in epcapsulant 146 in a honeycomb arrangement to expose
ConduCtIe 6 684 R Of R IS e dpabeh BIvISURR BecUBTE by bidieL s of IdAdframe 136
within enca@psudantcbiaitihat formsieparirgs 172 in encapsulant 146 once the leadframe and bodies are

removed. In FIG. 4p, carrier 170 and interface Iaéer 171 are %eé?g\ie%b)égge@écal etching,

mechanical peeling, CI@I - mechanica 6fin8%5,tﬁ1%rrlr%%l gl?él,ll?\%ig aser scanning, or wet stripping to

expose conduetivedayerbe4 and msutataigllayeob66.LDA) using laser 158 to remove
portions of encapsulant 146 and expose bodies 142 and conductive
layer 132 in applications requiring finer interconnect
dimensions, as shown in FIG. 4i.

In FIG. 43, an electrically conductive layer 160 is
conformally applied over encapsulant 146, the exposed portion
bodies 142, and the exposed conductive layer 132 using a
patterning and metal deposition process such as printing, PVD,
CVD, sputtering, electrolytic plating, and electroless plating.
Conductive layer 160 can be one or more layers of Al, Cu, Sn,
Ti, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 160 follows the contour of
encapsulant 146, including into openings 154 and 156. In one
embodiment, conductive layer 160 includes an adhesion layer,
barrier layer, and seed or wetting layer. One portion of
conductive layer 160 is electrically connected to conductive
layer 132. Other portions of conductive layer 160 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

In FIG. 4k, an insulating or dielectric layer 162 is
formed over encapsulant 146 and conductive layer 160 using PVD,
CVD, printing, spin coating, spray coating, lamination,
sintering or thermal oxidation. The insulating layer 162

contains one or more layers of silicon dioxide (Si02), silicon
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An electrically conductive bump material is deposited over conductive layer 164 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 164 using a suitable attachment or bonding process. In one embodiment, the

bump mdteri&l s Fefl By hedtilg e matermat abbds itd thélting pbitit 16 fotih BaTE-6rEGps 174. In
some applications,, bumps 14 4nare feftawead assepnd time todppreve electricakcantact to conductive
layer 164. An under bump metallization (UBM) layer can be formed under bumps 174. Bumps 174 can
also be cBhpredsioR béﬁ%éd t& 8&%5’&&@82133?&%6% BUMds 174 r&3rR&EntoHe §/pE%f Interconnect
structuredhaticartbe forimeceevier conductive-layen164. Thesintercongect=staicturexansalso be stud
bumps, micro bumps, or other electrical Interconnect. Alternatively, Ieadirame 136 is removed
after fornfing BURDS 74 THe - CombBinatioh of ESnducte 8y érs 0 aHd %/élf,tin Gi¥fidg Yers 162 and
166, anddumpse1#b constittites a byidd=up diterconnect structure 176. In FIG. 4q, the
reconstituted or reconfigu ?q(\gv rllev%IrPaec %gg in FI(E. ?}p is sig ulg'&ed thiou h en sulant 146 and
g

r af
build-up Interconnect structure 176 With saw bla é%?%sle catling 1601 178 intd individual fan-out wafer

level chipcsceie paskdge ot WAB CREI8@:onduct iRiE. baghmwslBO-WhE SPnE8( aftemsjngulation.
Semiconductor d'@ ]224 is.electrically_connected thr u%h uﬂd- Interconnect structure 1761'50 external
oAkl e i et bt S 2 skl ot ad e S HE T e
provide amsintercormiett paky o conductive tayer 1:60frorn leesite of FoiWwLCISR 180 oppuosite build-up
”“aton@ﬁéégggfg%;7glating. Conductive layer 164 can be one or more

layers of Al, Cu, Sn, Ti, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 164 follows
the contour of conductive layer 160 and insulating layer 162.

In one embodiment, conductive layer 164 includes an adhesion
layer, barrier layer, and seed or wetting layer. One portion of
conductive layer 164 is electrically connected to conductive
layer 160. Other portions of conductive layer 164 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

In FIG. 4m, an insulating or passivation layer 166 is
formed over insulating layer 162 and conductive layer 164 using
PVD, CVD, printing, spin coating, spray coating, lamination,
sintering or thermal oxidation. The insulating layer 166
contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
or other material having similar insulating and structural
properties. A portion of insulating layer 166 is removed by an
etching process through a photoresist layer to expose conductive
layer 164.

FIG. 4n shows a temporary substrate or carrier 170

containing sacrificial base material such as silicon, polymer,
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FIGs. 6a-6b lllustrate a semiconductor die or package 182 mounted to Fo-WLCSP 180. In FIG. 6a, a
semiconductor die 182 originating from a semiconductor wafer, similar to FIGs. 3a-3c, has a back surface
184 and active surface 186 containing analog or digital circuits Implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within the die and electrically Interconnected
accordinggt?o the electrical design and function of the die. For example, the circuit may Include one or

more traf§isthrs: tidtes: ana othér GiduftelemehTofmea Wifffit? hetive' Sithifact? 186 t& impiement analog

circuits ok digifat circuitss sughbas DSRASIC: sremery, D5 pihersigrad pracessingeeircibts Semigonductor
die 182 may also contain IPDs, such as inductors, capacitors, and resistors, for RF signal processing. A

plurality JftohtAtPadS IBs i§ I6rméd o ALtidE sarfaEER86 ahd d8QficdK cdtHEttedatthtTircuits on
the active sudaea A plirality & bumpshkoOris formeed overeoriactpadsnt88yun enewenbaediment,
semiconductor.die 182 is a flipchip type die, Semiconductor die 182 is positiopned over

FoWLCSB 18b Wik 4eiie SuTfack T8e BridtelTBRATH the-FOWEESP And Bifmps 190 Afged with the
honeycombrartangenventwof oipehings 112421 Bymps, 220 as refloivedtiatd apenings 172 over the exposed
conductive layer 160 of build-up Interconnect structure 176 to metallurgically and electrically connect
semiconductor die 182 to Fo-WLCSP 180. FIG. 6b shows semiconductor die 182 mounted to Fo-WLCSP
180 in a package-on-packages(PoR),artarrgeimentsl 943 @ heshaneycormt) dryvarrgensdrntiafopenings 172
aids with arlignment arﬂgaqnountin of semi%(r)]gig tor die 18a2 to Fa V\éL %%? 1189 WiEhObLeJm S ]b90 partially

) ess, Y% enin in - sicdpsulan : 3 ;
Contalne(?WIt%In openings %[9%, the overgl tOPPO ar angement 4 is reduce , a tﬁ]ere is less

occurrene& i brgging hetweexadaecentbdmps duringagftow 1 ARernalively La eiscreteckctive or passive

componen ¢y peJpouRledio FO M GSE 48001 eq byFIRL lustiates anolberembpdiment of
Fo-WLCSP 196, similar to FIG. 5, with a plurality of bumps 198 formed over conductive layer 132 of
semiconduictbridie 242 pABA BmolAfing it sérpicondapon ditdt® [eddframesIBGgee FIGS. 4¢c-4d.

Bumps 198 are metallyrgically apd glectrcallycopnected to conductive layer 160 of build-up Interconnect
structure 176. FIG. 8 illustrates another embodiment of Fo-WLCSP 200, similar to FIG. 5, with a

thermal interface matefial i) 26p/ carrier 170 and interface layer 171 are

removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose conductive layer 164 and insulating layer
166.

An electrically conductive bump material is deposited
over conductive layer 164 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 164 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 174. In some applications, bumps 174 are
reflowed a second time to improve electrical contact to

conductive layer 164. An under bump metallization (UBM) layer
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deposited over back surface 128 of semiconductor die 124. TIM 202 is a thermal epoxy, thermal epoxy
resin, or thermal conductive paste. Heat spreader or heat sink 204 is positioned over and mounted to TIM
202 over semiconductor die 124. Heat spreader 204 can be Cu, Al, or other material with high thermal
conductivity. Heat spreader 204 and TIM 202 form a thermally conductive path that distributes and

dissipates the heat generated by the high frequency electronic components of semiconductor die 124 and
Increases$ fik fhrerthaF B@ﬁohﬁ’i’%&e SFerficodductoPpaEidage '200: FhePest iSBissipated radially from

heat spreagiep284sion bohled Histratesianother embediment of FooWbESP 210 gimilae ta-FIG. 5,
with an electromagnetic interference (EMI) or radio frequenc¥ Interference (RFI) shielding layer 212

formed 098Fb&eSurfdce 196 bF SeMicohditior dis*t2a. icoRBu&tor 8/ 154 nf dontain baseband

circuits thaigenetate EME A, arather inier-dexiee Hdarierence r sucht as eapaeitive, dadustive, or

conductive cou%inﬁ. In other embfg)diments, semj onducéor die 124 contains IPDs that are susceptible to
4G B

EMI, RFISEH4 i 8vicB 1itbHerSHiRS FoP example: tie DS coRtains withii E&nTiconductor die 124
provide the electrical charaeteristits eaieeded dardiighrfrequency apphkcations, sifcleras resonatoys,

high-pass filters, -pass filters, band-pass filters, symmetric HI-Q resonant fransform and tuning
capacitorjs'ggrﬁﬁéc’ I é 'cani‘b}fjeeus(‘:ebén %% ?r%%tl-gﬁd %vfre?és%dﬁﬁgc%‘r]ﬁpgnae%% S\’Nhilgk?c%ﬁl %e?r%s’ltioned
between thes antennacantatyansceiver. Bnel IRD énductor cambe alhl4) dahu; transtosmer, or coil,

operating up Eo ;80 Gll%réerr(t:zd Iggg@es%p ullccgggre\s,lrgglyple baluns are formed on a same substrate,

allowing multi-band operation. For example, two or more baluns are used in a quad-band for mobile
phones or other globallsysters fordmebitér (G SM) costmunitatiorrs; eacthrbdluaus dedicated-for a

frequency bapd of operation,of the quad:band device, /A ypical RF system regyires multinig JPDs and
other high frequency circuits In one or more semiconductor packages to perform the necessary electrical
functionsand build-up interconnect structure 176 with saw blade or laser

cutting tool 178 into individual fan-out wafer level chip scale
packages (Fo-WLSCP) 180.

FIG. 5 shows Fo-WLCSP 180 after singulation.
Semiconductor die 124 is electrically connected through build-up
interconnect structure 176 to external devices. The openings
172 formed by removing bodies 142 of leadframe 136 from
encapsulant 146 provide an interconnect path to conductive layer
160 from a side of Fo-WLCSP 180 opposite build-up interconnect
structure 176.

FIGs. 6a-6b illustrate a semiconductor die or package
182 mounted to Fo-WLCSP 180. 1In FIG. 6a, a semiconductor die
182 originating from a semiconductor wafer, similar to FIGs. 3a-
3c, has a back surface 184 and active surface 186 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 186 to implement

-20-



To reduce the effects of EMI and RFlI, a shielding layer 212 positioned over and mounted over
semiconductor die 124 with an adhesive layer 214. Shielding layer 212 can be one or more layers of Al,
Cu, ferrite or carbonyl Iron, stainless steel, nickel silver, low-carbon steel, silicon-Iron steel, foil,
conductive resin, conductive paste, and other metals and composites capable of blocking or absorbing
EMI, RFI, and other Inter-device Interference. In another embodiment, shielding layer 212 can be a
non-metdt tRatefalsuchias Garbbnsbidck Sraltifift ke 8 t8ddce thefaffdttd of ENAAMIRE.
Shieldinglayer 212 Issgonaded throvgh conductiveslayer 286 farmadiinepanings 112 angbyild-up
Interconnect structure 176 to an external low Impedance ground point. FIGs. 10a-10c lllustrates

another EMBSdiffEht 3t forfling a PO BriafigeMent FES 105 8RdWs $EnficoAGIctdF §ie S Sontained
within FordtGSP 220 nsimilar trEKs.imdA plukality of xiasds fermetbihraugh saricongleictos die 124 while
In wafer form, see FIGs. 3a-3c, usin% laser déiéling, ﬁnec anic driIIir]g:r etching, or DRIEt. The vias are filled
with Al, CP 8K NiCRuSE§ S W ol Sitico Cor dtier sditable efectricaliy Eonalisive Matétal using
electrolyticiplating,selectraless platihggprecesss oe othex spitablelmetal dépositipr ptegessdo form
z-directio ovrexﬁg%ﬁl Intercocn(g]r?cta c%nduacéige t%ré)ughlsrillicorq vi%s go%v 22%. C%nqnu.ctigg cht 2%2 are
electrically connected to conductive ]Payer 132 and conductivé ﬁréyer 235" t6rméd On back surface 128 of
TSV semicandugtoridie 424 1lncarothertembodineent, two TSV semiconductor die are stacked back
surface to back surface and electrically connected through the conductive ISV nFlG. 10b, a
semiconductor die 230%§rtlngl|r?§tﬁln&gu r%r%ra ?é%icﬁgﬁ%:luéfo%@ja?éﬁ ls%ﬁé&r tgvﬁés?ge_l%%,c ﬁEaJs %lék%ck surface
232 and adtive suwrfaices23dicdrtaiming analogor digital eireuits IngleMentéd as astive tevipes, passive

devices, gapductiye.Jayers. and dielediis layers formed.witin he die-and glecrically aterconnected

according to the electrical design and function of the die. For example, the circuit may Include one or
more trarsistors, bidtest and vflarErtuitdiementfonaed Withiv detive-Swrfacer234 t Implement analog

circuits of.digifal.¢itcuits; sych-as BSR, ASIC, 1Remgry; of othersignal precessing circuits Semiconductor
die 230 may also contain IPDs, such as inductors, capacitors, and resistors, for RF signal processing. A

plurality éfdertdct patis 23bvYis Ioin&d 6f aeiive Stiface® 232 andedtfieal cdiectecdtolthe circuits on

the active surface;A-phiralfy of bumps 238 isifermed aver-coniactpads236. 1n one smbediment,
semiconductor die 230 is a flipchip type die. Semiconductor die 230 is positioned over

Fo-WLCSP 29B5with aétlvelsurfadere3feReniedrewant the RN LESPAIRFBGTbs P38 -alighBd with the
honeycombarrangement;of openings 1/2. Bwnps,238 arereflowed inta,openiggsd 42 oygxthe exposed

conductive layer 160 of build-up Interconnect structure 176 to metallurgically and electrically connect

semicon@GdiB 230 0 FRWATEB D20 FiG 2108 éhdws Semitdndfuctst tie 296 rhodtitBH fo

Fo-WLCSB 2204n @iRaR arengemeant 2401 The hosgyreamb arrengement of opeaingsid 24ids with
alignment and mounting of semiconductor die 230 to Fo-WLCSP 220. With bumps 238 patrtially contained
within op8hingS™ 72~ e 6v&tal height of PoPPAP& T EmMER 240 R 18 duSed, i tREFTSTIERS Sccurrence

of of bridging between adjacent bumps during reflow.
Alternatively, a discrete active or passive component can be
mounted to Fo-WLCSP 180.

FIG. 7 illustrates another embodiment of Fo-WLCSP 196,
similar to FIG. 5, with a plurality of bumps 198 formed over
conductive layer 132 of semiconductor die 124, prior to mounting
the semiconductor die to leadframe 136, see FIGs. 4c-4d. Bumps
198 are metallurgically and electrically connected to conductive
layer 160 of build-up interconnect structure 176.

FIG. 8 illustrates another embodiment of Fo-WLCSP 200,
similar to FIG. 5, with a thermal interface material (TIM) 202
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bridging between adjacent bumps during reflow. Alternatively, a discrete active or passive component can
be mounted to Fo-WLCSP 220. FIGs. 11a-11c lllustrate another embodiment of forming a PoP
arrangement. Continuing from FIG. 10a, a semiconductor die 250 originating from a semiconductor wafer,
similar to FIGs. 3a-3c, has a back surface 252 and active surface 254 containing analog or digital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric Iar%/ers formed within

the die aRGRREHIG Y Iitefcditettettaddoring 1o thé efsCincat W igndnd tncliéi? of thetdie. For
example,the cirguit mayenehide-ere:or moke tansistyss <diodes,iand ether gkewit elements formed within
active surface 254 to Implement analog circuits or digital circuits, such as DSP, ASIC, memory, or other
signal précB¥SHYdircuit® $ehficondifctor diB 280 Ay afso Eshitain 1PDs? Llich s Rrduictord Eapacitors,
and resistarsfosiRF sighakprocessingmA piuralityaf contact pads 2561s darmeban active surface 254
and electrically connected to the circuits on_the active surface. A plurality of bumps 258 is formed over
contact p%%%%%‘?ﬁw 8r§él ehfbbdifient: semicorftfuctor tié 259§ 2 fipcHip Eybeh&i%% tefjermﬁ?FlG. Ha,
semicondugtardie 2b0tg posiioned gvee iS¢ semiconductardie 124 withractiversurface1254 oriented

toward the Fo-WLCSP and%%]urpgg t25§iali ne V\éit6h c%nnd&Jc(tjj\{e layer t224. @H(renphs 258 are reflowed over
etallurgica

conductivceolréﬁj/kelrC 24 o e [y an rejreclfrlcaﬁly connect Semiconductor die 250 to ISV

semicondimterdie<24oFIGhkb shaws Semicontuctor die 2650 mountedito 18 senticonductor die 124.
A semicondugtor dé%%@%?”gi{‘gtéﬁ'ﬁ Jroa%&semiconductoq:wgfetrhsimilai to g!_»%% 3a-3c, h%s a back

%3m %Fn 11Creases era, rimance Of .
surface 2 and active surface 2 contalnlng anhalog or dlglta| circuits implemented as active deV|ces,

passive dexitesy ednductivedayersicaildielectiicslaherstiotrmed within teedierandielédtyicalym
interconnected @%@ég@ggoy@eﬂ; 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 264 to
implement analog circtifscor digitdllciebits, tstehaaxDBPr ASIECiensary, ofother BighaP prbtessing

circuit. Semiconductor die; 260 may,alsq contain IRDs such as induetars. capacitars, apg fesistors, for RF

signal processing. A plurality of contact pads 266 is formed on active surface 264 and electrically
connectefia® the EFEGIESHR the acwel surtares ABltralit? B bumps 26838 fermrePoverdttiact pads 266.

In one embediment,semicenductopdie 260sis,a liphipdype diie 124. Semiconductor

die 124 may contain baseband circuits that generate EMI, RFI, or
other inter-device interference, such as capacitive, inductive,
or conductive coupling. In other embodiments, semiconductor die
124 contains IPDs that are susceptible to EMI, RFI, and inter-
device interference. For example, the IPDs contained within
semiconductor die 124 provide the electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,
symmetric Hi-Q resonant transformers, and tuning capacitors.

The IPDs can be used as front-end wireless RF components, which
can be positioned between the antenna and transceiver. The IPD
inductor can be a hi-Q balun, transformer, or coil, operating up
to 100 Gigahertz. 1In some applications, multiple baluns are
formed on a same substrate, allowing multi-band operation. For
example, two or more baluns are used in a quad-band for mobile

phones or other global system for mobile (GSM) communications,
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Semiconductor die 260 is positioned over Fo-WLCSP 220 and semiconductor die 250 with active surface
264 oriented toward the Fo-WLCSP and bumps 268 aligned with the honeycomb arrangement of
openings 172. Bumps 268 are reflowed into openings 172 over the exposed conductive layer 160 of
build-up interconnect structure 176 to metallurgically and electrically connect semiconductor die 260 to
Fo-WLCSP 220. FIG. 11c shows semiconductor die 260 mounted to Fo-WLCSP 220 in a PoP
arrangenfért2 702 FHB nohe§eorhbHrfshgentertt of bpeRmySYL 722aids WithCalighfiertandimbifiting of

semiconducior-gie260teHa-WILCAP 220 With humps 268wartially: eniainedwithie opepings 172, the

overall height of PoP arrangement 270 is reduced, and there is less occurrence of bridging between

adjacent BUthptdifring refibw’ © SIUS N hfid BRe drindre ShBodiméHts of fid presBrtRvention have

been illugiraded gedetad, therskilled atisan sikappregiate thatmedificationstanchadaptations to those

embodiments may be made wijthout degartitng from the scope of tolpe present invent’ic()][‘n, as set forth in the
de I and R 1

following claims. Claims Wiat$s glaim ects of b Fl, & shielding
layer 212 positioned over and mounted over semiconductor die 124

with an adhesive layer 214. Shielding layer 212 can be one or
more layers of Al, Cu, ferrite or carbonyl iron, stainless
steel, nickel silver, low-carbon steel, silicon-iron steel,
foil, conductive resin, conductive paste, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
inter-device interference. In another embodiment, shielding
layer 212 can be a non-metal material such as carbon-black or
aluminum flake to reduce the effects of EMI and RFI. Shielding
layer 212 is grounded through conductive layer 216 formed in
openings 172 and build-up interconnect structure 176 to an
external low impedance ground point.

FIGs. 10a-10c illustrates another embodiment of
forming a PoP arrangement. FIG. 10a shows semiconductor die 124
contained within Fo-WLCSP 220, similar to FIG. 5. A plurality
of vias is formed through semiconductor die 124 while in wafer
form, see FIGs. 3a-3c, using laser drilling, mechanic drilling,
etching, or DRIE. The vias are filled with Al, Cu, Sn, Ni, Au,
Ag, Ti, W, poly-silicon, or other suitable electrically
conductive material using electrolytic plating, electroless
plating process, or other suitable metal deposition process to
form z-direction vertical interconnect conductive through
silicon vias (TSV) 222. Conductive TSV 222 are electrically
connected to conductive layer 132 and conductive layer 224
formed on back surface 128 of TSV semiconductor die 124. 1In

another embodiment, two TSV semiconductor die are stacked back

—-23-



1. A method of making a semiconductor device, comprising: providing a carrier having a plurality of
bodies extending from the carrier; mounting a first semiconductor die to the carrier between the
bodies; depositing an encapsulant over the first semiconductor die and carrier and around the bodies
of the carrier; removing a portion of the encapsulant over the bodies of the carrier to form first
openings in the encapsulant that expose the bodies; forming an interconnect structure over the

encapsul3Ht 2A¢ extendiitfihte thetfrsEopeiings f thellsodied of e EsrHEr and ©UBmiovng the carrier
and bodies tafermisecongkapenings in the encapsulant corresponding to space previously occupied by
the bodies to expose the interconnect structure, , o ,

In FIG. b, a semiconductor die 230 originating from
a semiconductor wafer, similar to FIGs. 3a-3c, has a back
surface 232 and active surface 234 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 234 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 230 may also
contain IPDs, such as inductors, capacitors, and resistors, for
RF signal processing. A plurality of contact pads 236 is formed
on active surface 234 and electrically connected to the circuits
on the active surface. A plurality of bumps 238 is formed over
contact pads 236. In one embodiment, semiconductor die 230 is a
flipchip type die.

Semiconductor die 230 is positioned over Fo-WLCSP 220
with active surface 234 oriented toward the Fo-WLCSP and bumps
238 aligned with the honeycomb arrangement of openings 172.
Bumps 238 are reflowed into openings 172 over the exposed
conductive layer 160 of build-up interconnect structure 176 to
metallurgically and electrically connect semiconductor die 230
to Fo-WLCSP 220. FIG. 10c shows semiconductor die 230 mounted
to Fo-WLCSP 220 in a PoP arrangement 240. The honeycomb
arrangement of openings 172 aids with alignment and mounting of
semiconductor die 230 to Fo-WLCSP 220. With bumps 238 partially
contained within openings 172, the overall height of PoP

arrangement 240 is reduced, and there is less occurrence of
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2. The method of claim 1, further including: providing a second semiconductor die having a plurality of
bumps formed over a surface of the second semiconductor die; and mounting the second
semiconductor die over the first semiconductor die with the bumps extending into the second openings of
the encapsulant to electrically connect to the interconnect structure. 3. The method of claim 1, further

including forming a plurality of conductive vias through the first semiconductor die. 4. The method of
dah1lgmﬁﬁg9ﬁﬁﬂmmifween adjacent bumps during reflow. Alternatively, a

discrete active or passive component can be mounted to Fo-WLCSP
220.

FIGs. l1lla-1lc illustrate another embodiment of forming
a PoP arrangement. Continuing from FIG. 10a, a semiconductor
die 250 originating from a semiconductor wafer, similar to FIGs.
3a-3c, has a back surface 252 and active surface 254 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 254 to implement
analog circuits or digital circuits, such as DSP, ASIC, memory,
or other signal processing circuit. Semiconductor die 250 may
also contain IPDs, such as inductors, capacitors, and resistors,
for RF signal processing. A plurality of contact pads 256 is
formed on active surface 254 and electrically connected to the
circuits on the active surface. A plurality of bumps 258 is
formed over contact pads 256. In one embodiment, semiconductor
die 250 is a flipchip type die.

In FIG. 1la, semiconductor die 250 is positioned over
TSV semiconductor die 124 with active surface 254 oriented
toward the Fo-WLCSP and bumps 258 aligned with conductive layer
224. Bumps 258 are reflowed over conductive layer 224 to
metallurgically and electrically connect semiconductor die 250
to TSV semiconductor die 124. FIG. 1lb shows semiconductor die
250 mounted to TSV semiconductor die 124.

A semiconductor die 260 originating from a
semiconductor wafer, similar to FIGs. 3a-3c, has a back surface

262 and active surface 264 containing analog or digital circuits

-25-



providing a second semiconductor die; mounting the second semiconductor die over the first
semiconductor die; providing a third semiconductor die having a plurality of bumps formed over a
surface of the second semiconductor die; and mounting the third semiconductor die over the first and
second semiconductor die with the bumps extending into the second openings of the encapsulant to
electrically connect to the interconnect structure. 5. The method of claim 1, further including forming a

heat spredtiet DFERieffing Fayt bVBRIRSTSFESMicOREELIOT dits 6L 2eMetTtR6MRARRG a semiconductor
device, compsising: previding eecarrierhaving asplamlieef hadias extending komthe carrier;

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 264 to implement analog circuits or
digital circuits, such as DSP, ASIC, memory, or other signal
processing circuit. Semiconductor die 260 may also contain
IPDs, such as inductors, capacitors, and resistors, for RF
signal processing. A plurality of contact pads 266 is formed on
active surface 264 and electrically connected to the circuits on
the active surface. A plurality of bumps 268 is formed over
contact pads 266. In one embodiment, semiconductor die 260 is a
flipchip type die.

Semiconductor die 260 is positioned over Fo-WLCSP 220
and semiconductor die 250 with active surface 264 oriented
toward the Fo-WLCSP and bumps 268 aligned with the honeycomb
arrangement of openings 172. Bumps 268 are reflowed into
openings 172 over the exposed conductive layer 160 of build-up
interconnect structure 176 to metallurgically and electrically
connect semiconductor die 260 to Fo-WLCSP 220. FIG. 1llc shows
semiconductor die 260 mounted to Fo-WLCSP 220 in a PoP
arrangement 270. The honeycomb arrangement of openings 172 aids
with alignment and mounting of semiconductor die 260 to Fo-WLCSP
220. With bumps 268 partially contained within openings 172,
the overall height of PoP arrangement 270 is reduced, and there
is less occurrence of bridging between adjacent bumps during

reflow.

-26-—



mounting a first semiconductor die to the carrier between the bodies; depositing an encapsulant over
the first semiconductor die and carrier and around the bodies of the carrier; forming an interconnect
structure over the encapsulant and extending to the bodies of the carrier; and removing the carrier
and bodies to form first openings in the encapsulant corresponding to space previously occupied by the
bodies to expose the interconnect structure. 7. The method of claim 6, further including removing a
portion of the encapsulant over the bodies of the carrier to form second openings in the encapsulant that

expose the bodies of thg cakiesn8. dhenpetbod b staimb, further inplbidilg: sent 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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providing a second semiconductor die having a plurality of bumps formed over a surface of the second
semiconductor die; and mounting the second semiconductor die over the first semiconductor die with
the bumps extending into the first openings of the encapsulant to electrically connect to the interconnect
structure. 9. The method of claim 6, further including forming a plurality of conductive vias through the
first semiconductor die. 10. The method of claim 6, further including: providing a second semiconductor
die; mounting the second semiconductor die &;&’tﬂé first semiconductor die;

What is claimed:

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

providing a carrier having a plurality of bodies extending
from the carrier;

mounting a first semiconductor die to the carrier between
the bodies;

depositing an encapsulant over the first semiconductor die
and carrier and around the bodies of the carrier;

removing a portion of the encapsulant over the bodies of
the carrier to form first openings in the encapsulant that
expose the bodies;

forming an interconnect structure over the encapsulant and
extending into the first openings to the bodies of the carrier;
and

removing the carrier and bodies to form second openings in
the encapsulant corresponding to space previously occupied by

the bodies to expose the interconnect structure.

2. The method of claim 1, further including:
providing a second semiconductor die having a plurality of
bumps formed over a surface of the second semiconductor die; and
mounting the second semiconductor die over the first
semiconductor die with the bumps extending into the second
openings of the encapsulant to electrically connect to the

interconnect structure.
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providing a third semiconductor die having a plurality of bumps formed over a surface of the second
semiconductor die; and mounting the third semiconductor die over the first and second semiconductor
die with the bumps extending into the first openings of the encapsulant to electrically connect to the
interconnect structure. 11. The method of claim 6, further including forming a plurality of bumps over the
first semiconductor die. 12. A semiconductor device, comprising: =~ a carrier having a plurality of bodies

extending from theSc RO airStSeficondaitbr B mblftedthtAe takiErtetieen the bodies:

plurality of conductive vias through the first semiconductor

die.

4. The method of claim 1, further including:

providing a second semiconductor die;

mounting the second semiconductor die over the first
semiconductor die;

providing a third semiconductor die having a plurality of
bumps formed over a surface of the second semiconductor die; and

mounting the third semiconductor die over the first and
second semiconductor die with the bumps extending into the
second openings of the encapsulant to electrically connect to

the interconnect structure.

5. The method of claim 1, further including forming a heat

spreader or shielding layer over the first semiconductor die.

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

providing a carrier having a plurality of bodies extending
from the carrier;

mounting a first semiconductor die to the carrier between
the bodies;

depositing an encapsulant over the first semiconductor die
and carrier and around the bodies of the carrier;

forming an interconnect structure over the encapsulant and
extending to the bodies of the carrier; and

removing the carrier and bodies to form first openings in
the encapsulant corresponding to space previously occupied by

the bodies to expose the interconnect structure.
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an encapsulant deposited over the first semiconductor die and carrier and around the bodies of the
carrier; and an interconnect structure formed over the encapsulant and extending to the bodies of the
carrier, wherein the carrier and bodies are removed to form openings in the encapsulant corresponding to
space previously occupied by the bodies to expose the interconnect structure. 13. The semiconductor
device of claim 12, further including a second semiconductor die having a plurality of bumps formed over

a surface’of the Se2oRf SBAficstiductstdie Sthe 'SetbRE Serficontiticior digBRING MoBinkst-dvétthe first
semicondictemdie withhthedumps extendingsinta thecepenings,ef therancapsulant ta-elestiically connect
to the interconnect structure. 14. The semiconductor device of claim 12, further including forming a
plurality SFRONGUEGve Viak RrotgRTRE Hird SentiCatd ttmCdie. 15 eriesemionbubler device of claim 12,
further inelugings a.second semiconductor die mounted over the first semiconductor die; and a third
semiconductor die having a plurality of bumps formed over a surface of the second semiconductor die,
the third semiconductor die being mounted over the first and second semiconductor die with the bumps
extending into teperings@f of claim 6, further including:

providing a second semiconductor die having a plurality of
bumps formed over a surface of the second semiconductor die; and

mounting the second semiconductor die over the first
semiconductor die with the bumps extending into the first
openings of the encapsulant to electrically connect to the

interconnect structure.

9. The method of claim 6, further including forming a
plurality of conductive vias through the first semiconductor

die.

10. The method of claim 6, further including:

providing a second semiconductor die;

mounting the second semiconductor die over the first
semiconductor die;

providing a third semiconductor die having a plurality of
bumps formed over a surface of the second semiconductor die; and

mounting the third semiconductor die over the first and
second semiconductor die with the bumps extending into the first
openings of the encapsulant to electrically connect to the

interconnect structure.

11. The method of claim 6, further including forming a

plurality of bumps over the first semiconductor die.
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the encapsulant to electrically connect to the interconnect structure.

12. A semiconductor device, comprising:

a carrier having a plurality of bodies extending from the
carrier;

a first semiconductor die mounted to the carrier between
the bodies;

an encapsulant deposited over the first semiconductor die
and carrier and around the bodies of the carrier; and

an interconnect structure formed over the encapsulant and
extending to the bodies of the carrier, wherein the carrier and
bodies are removed to form openings in the encapsulant
corresponding to space previously occupied by the bodies to

expose the interconnect structure.

13. The semiconductor device of claim 12, further including a
second semiconductor die having a plurality of bumps formed over
a surface of the second semiconductor die, the second
semiconductor die being mounted over the first semiconductor die
with the bumps extending into the openings of the encapsulant to

electrically connect to the interconnect structure.

14. The semiconductor device of claim 12, further including
forming a plurality of conductive vias through the first

semiconductor die.

15. The semiconductor device of claim 12, further including:

a second semiconductor die mounted over the first
semiconductor die; and

a third semiconductor die having a plurality of bumps
formed over a surface of the second semiconductor die, the third
semiconductor die being mounted over the first and second

semiconductor die with the bumps extending into the openings of
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the encapsulant to electrically connect to the interconnect

structure.
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