SEMICONDUCTOR DEVICE AND METHOD OF EMBEDDING BUMPS FORMED ON
SEMICONDUCTOR DIE INTO PENETRABLE ADHESIVE LAYER TO REDUCE DIE SHIFTING DURING
ENCAPSULATION Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of embedding

bumps formed over a semiconductor die into a penetrable adhesive Iaier to reduce die shifting during
encapsulation. DR SRR PRVE T AND  METHRD, ound in
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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, ch%rggq-&ogglegh%ev'%e‘;se %Oltgg) solar cells, and digital micro-mirror

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of embedding bumps formed over a semiconductor
die into a penetrable adhesive layer to reduce die shifting

during encapsulation.
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, gﬁf&ﬁ@tﬁ/ef%gml controllers, and office equipment. Semiconductor devices exploit

the electrical properties ef,semiconduetor qeaterals. Fbe atemicsstiuciwrerefisgmieenductor material
allows its electrical conductivity to be manipulated by the application of an electric field or base current or

through th8'Br&deEsofdEping: DAPifY irtFthites Imblrifids: S the- SEMIBNEGLTIY nidterial to
manipulate aad controktheconsigtvityrafdhe sgnucenductertdeviceing eledk semiconductor device
contains active and passive electrjcal strucﬁure : Active?iltructures,, including bigolar and field effect

transistorss Etrsl the fIdt ot gl ctHdalctitrer ?’ﬁy Vanying leversSor daping and applicatidn of an electric
field or basescurrenty theetransistor iherpromates on restretsdhe flowsefrelectridalcistent. Passive
S ST TS eanctory 0 njucor e s gl betuee wotoge nd
electricallyccomnected-tociosm agircuits, which enablenthersemicoiductoodevite tes pedor high-speed
Camumﬂqg%%ﬁ%&&?g&ng%%ggpﬂog%miconductor devices are also found in

military applications, aviation, automotive, industrial

controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
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



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 packalihg (BRAE Yo Provide structhind stppeRr 3hdenviroRmentalisdiation! One goal of
semiconducterrmanufactdyingisdo wseducensmalier senicarducior devises.rmalardgvices typically
consume less power, have higher performance, and can be produced more efficiently, In addition, smaller
semicondUittsr devides! hmggﬁ%ﬁle? footpARS whidF RHesTabId P SAAAEFEAG ProdUctd. A Emaller die
size mayhe-achieved by inpmovemenis Hi thefrat-enceprocess eesuultintrinedie wvith smaller, higher
density active and passive components. Back-end processes result in semicondyctor device
packages With & ERBIE footBHRt by improveniarts 1r? efé\é?rf‘c%\m rc %ﬁ&t,tfo%a nd B%ckaging materials.
In a fan-aut wafenlevelichip scalefpackagelfiF0e THAQSR); alsemiconducton dig ia commonlydounted to a
temporar és%ggog carrier with an ad si(\:/g_la%e%[. An encapsulant or molding compound is deposited over
the semiésnductor di€ Tor environmental pro?ec ion Trom external elements an contaﬁnnarﬁs. he
encapsulation pictess impesés forcesenfhe sehiconduttor die dsitheleagapsulahtisdieposited around
the die. The adhesive layer aventhe carrier,may be nsufficient (o hald the, semicgnductor die in place
during eri%apsulatlon. The forces can cause vertical or lateral shi Ing or movement of the semiconductor
die. FollowingCercapselatiof, thentempotarytcarriereand adhiesive tayes afe reamoved-and a
build-up igfereqnnect structyre is.formed.over the seajiconduigtor dis and encapsulant, A plurality of vias
must be formed through the insulating layer of the interconnect structure to make electrical connection to
the contaeppadsien thé sermetriduchartie Nl eiasree formmad by mechanical dhling 0P daser €utting.
The via fppmmarioneafien Legyes residue.and ether confaminantsn e ceniacipads. whidh.can interfers

r

with electrical connection and reduce electrical performance. Summary of the Invention A need
exists for'tedcing Shifting 6f AemEsaductodie butingticapstiation anddvoid ¢ia fBftflation over the

contact pads athe die.Acceidingly, in ene embagiment the prasepyinvention is,a sgalicondugtor device
compnsggt; first semiconductor die including a plurality of bumps formed over a surface of the first
semicondutforrdieA PetetrabREad e siie layer s9dispostover the fiFst skpficordudt6rdie with the

bumps atjleastipartialy disposed intheienctiablg adbesive Layel- Anencapsylant isdepasjted over the
first semiconductor die. An interconnect structure is formed over the first semiconductor die and
decﬂmaﬁﬁﬁﬁﬁkcﬁﬂiﬁﬁ%éqﬁﬁﬂ&ftor device packages with a smaller footprint

by improvements in electrical interconnection and packaging
materials.

In a fan-out wafer level chip scale package (FO-
WLCSP), a semiconductor die is commonly mounted to a temporary
support carrier with an adhesive layer. An encapsulant or
molding compound is deposited over the semiconductor die for
environmental protection from external elements and
contaminants. The encapsulation process imposes forces on the
semiconductor die as the encapsulant is deposited around the
die. The adhesive layer over the carrier may be insufficient to
hold the semiconductor die in place during encapsulation. The
forces can cause vertical or lateral shifting or movement of the

semiconductor die.



In another embodiment, the present invention is a semiconductor device comprising a first semiconductor
die including a plurality of first bumps formed over a surface of the first semiconductor die. An adhesive
layer is disposed over the first semiconductor die with the first bumps disposed in the adhesive layer. An
encapsulant is deposited over the first semiconductor die. In another embodiment, the present

invention is a semiconductor device comprising a first semiconductor die and adhesive layer disposed
over the first semicondUietot Ut h ﬁﬁb’ﬁﬁsﬂl‘iﬁﬁé ABpositsd HEHRE FiFst serficdductdidie. In

another erpbediment,ithedresent invenioads a-senicenductongdeviee sopprisinga Hrstsemieenductor
die including a plurality of burgﬁs formed over a surface of the first semiconductor die. An adhesive layer

is disposed ob8F e sutate dftfhie fifst SemiCodtordie VT the SihEs af fast partially embedded into
the adhesive tayer i reducei shiftingaf the firstsestcendustodie hAn Ensapswantis depesited over the
first semicondyctor die. Brief Description of the Drawings . FIG. 1 illustrates a PCB, with different
types of 6§§<ajg%§?ﬁ&?ﬁ{88 Witg %ﬁpﬁ%él;re Lo MG D3 T ilGdtate HHAS détil oP the©
representativesemipanducior packages mounted to thelPEB; The vi&dGarda-Bgrhusirate a process of
embeddin% merps fo&mgd oyer a semicqnductor di%tinto per%%trable ad?esivetlayer to E%duce die
Shlftlng dIlTJlrlﬁg aénjcgs.sulaﬁoln; 1lng or aser cCcu 1ing. e Vlia ormatiron o en

leaves residue and other contaminants on the contact pads, which

can interfere with electrical connection and reduce electrical

performance.
Summary of the Invention

A need exists for reducing shifting of a semiconductor
die during encapsulation and avoid via formation over the
contact pads on the die. Accordingly, in one embodiment, the
present invention is a semiconductor device comprising a first
semiconductor die including a plurality of bumps formed over a
surface of the first semiconductor die. A penetrable adhesive
layer is disposed over the first semiconductor die with the
bumps at least partially disposed in the penetrable adhesive
layer. An encapsulant is deposited over the first semiconductor
die. An interconnect structure is formed over the first
semiconductor die and electrically connected to the bumps.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die
including a plurality of first bumps formed over a surface of
the first semiconductor die. An adhesive layer is disposed over
the first semiconductor die with the first bumps disposed in the
adhesive layer. An encapsulant is deposited over the first

semiconductor die.



FIG. 4 illustrates the semiconductor die with bumps embedded within the build-up interconnect structure;
FIGs. 5a-5f illustrate a process of embedding bumps into the penetrable adhesive layer with a gap
between the semiconductor die and interconnect structure; FIG. 6 illustrates the semiconductor
die with bumps embedded within the interconnect structure and a gap between the semiconductor die
and interconnect structure; FIGs. 7a-7h illustrate a process of embedding bumps in slots formed in an

adhesive layer; InFREe fdeBd FRIAtE S rocd< o s &dding BURTPSIASIOE f6rmed in an
adhesivedaygrawhigh semainscoverdhe dMpreonnegt structure; semicofd@c® dwstratessthe

semiconductor die with dummy bumps embedded within the interconnect structure;
adhesive layer disposed over the first semiconductor die. An
encapsulant is deposited over the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die
including a plurality of bumps formed over a surface of the
first semiconductor die. An adhesive layer 1is disposed over the
surface of the first semiconductor die with the bumps at least
partially embedded into the adhesive layer to reduce shifting of

the first semiconductor die. An encapsulant is deposited over

the first 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-3g illustrate a process of embedding bumps
formed over a semiconductor die into a penetrable adhesive layer
to reduce die shifting during encapsulation;

FIG. 4 illustrates the semiconductor die with bumps
embedded within the build-up interconnect structure;

FIGs. 5a-5f illustrate a process of embedding bumps
into the penetrable adhesive layer with a gap between the
semiconductor die and interconnect structure;

FIG. 6 illustrates the semiconductor die with bumps
embedded within the interconnect structure and a gap between the
semiconductor die and interconnect structure;

FIGs. 7a-7h illustrate a process of embedding bumps in



FIG. 10 illustrates the semiconductor die with thermally conductive bumps embedded within the
interconnect structure; FIG. 11 illustrates the semiconductor die with the thermally conductive
bumps and heat sink mounted to the interconnect structure; FIG. 12 illustrates the

semiconductor die with large bumps embedded within the interconnect structure;
illustrates the semiconductor die with RDL formed within the interconnect structure; and

FIG. 13
FIG. 14

illustrates’a SeEon@ SBAfcoreuttorfi® fiouffted & fiefinterconnect structure. Detailed Description of the
Drawings The present avesdion 1S deserinesd in aneigvereembagdiaentsdn thenfodowing
description with reference to the figures, in which like numerals represent the same or similar elements.

While the’ih0&RtidP T 5 ctiBed n tHis o the bRSEMOYR o abfiBdihg The Visventidf's objectives, it will
be appreciated-by thesetskilledliptthe @t that it is intended to cover alternatives, modifications, and

equivalents as may be included wijthin the spirit and scope, of the invention as defined b
claims and their equivalénts a%s %Llfp%%?t%]aab%t%etf ffowi Ialcﬁgﬂgﬁﬁtéoaﬁod drawinge! ity

bumps embedded within the interconnect structure;

FIG. 10 illustrates the semiconductor die with

the appended

thermally conductive bumps embedded within the interconnect

structure;

FIG. 11 illustrates the semiconductor die with the

thermally conductive bumps and heat sink mounted to the

interconnect structure;

FIG. 12 illustrates the semiconductor die with large

bumps embedded within the interconnect structure;

FIG. 13 illustrates the semiconductor die with RDL

formed within the interconnect structure; and

FIG. 14 illustrates a second semiconductor die mounted

to the interconnect structure.

Detailed Description of the Drawings

The present invention is described in one or more

embodiments in the following description with reference to the

figures, in which like numerals represent the same or similar

elements. While the invention is described in terms of the best

mode for achieving the invention’s objectives, it will be

appreciated by those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may

be

included within the spirit and scope of the invention as defined

by the appended claims and their equivalents as supported

following disclosure and drawings.

by the



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. Passivé"eletiitarEohpBREASESudt &s Bapacitors YinBaaors Fesis s, a9

transformeys, creaiel a xelationship betwer) yeltagesanrd current-iecassary-touretarar-elggtrigabcircuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by 3%8fies 6t pPoCeEsHERS iftiluding GBPing  BEpBS&Hia F5HOtGIitREgraph§ - &ehing’ and
planarizafiopm@eping iBtrodugesimpurities dftodhe semieondustorateriakby techniques such as ion
implantation or thermal diffusion. The ggt%g%g process m%gifies the electrical ,conductiv,ity of semiconductor

material iR ALHT8 HEViceR triRsformin eMicoRductormAterial int8 aninSdattr - ¢TI ST, or
dynamicallyschangingl thetsemisonducippmaterigl conduetivitydn séspansedae anyelecthicdietc:ar base
current. Transistors eontain regions. ol varying types and degrees, of doping prranged a5 necessary to
enable the transistor to prom&e orrestrict the flow of slectrical clirent upon the app(ﬁcatlon of the electric
field or basenpomentt s, sucActige andmpassiverconpohentsdrssformedaytlayerstafimateriats with
different elegirica) praperas, Thedayers qan,be formed by, a varigty.of deposiion teshnigues determined
in part by the type o materleﬁvigelng eposited. For exampPe, thin film dleposmon may involve chemical

vapor dep@s;iti@m@@‘{‘/)_, physical vaperdepositich (Fi\rﬁ)_J,ceitemmlyt_icqﬁaﬁrtg%m @Iedtrol_ess plating
processes, Eact Ayt s generally patiemerdo fgiu portions ofagtive sompanents, assivg;romponents,

or electrical connections between components. he layers can be patterned using
photolithography awhich dnwstvdstiie depositiohcafllight sensitive patérialne.g., photoresist, over the layer

to be patterned. A patteryis fransfered from,a photgmask.tothe photoresish uging light, Jrhe portion of

the photoresist pattern subjected to light is removed using a solvent, exposing portions of the underlying
layer to be'gatietRe@LTHe Ferfiginde P BPtre THOtORERE irerioiRE 164G beRipaSpattérnid layer.

Alternativelly, Some tynesof materialsave patternedby directiy.dengsiting the-mateial inta the areas or

voids formed by a previous deposition/etch process using techniques such as electroless and electrolytic
plating. Planapeosititg-a tHRFR 9f Mitte R Ever anexXisting Fatteth tan €xaggerate the underlying

pattern andgreaigfuken-Hnifarnaly flat surface A Hnderamly flatsurface; isrequired ta produce simaller and
more densely packed active and passive components. Planarization can be used to remove material from

the surfat& of etwafel BRE Bduced AurfifoRmRAdt surats. PrNAfiz&forrGoes pofidhing the surface

of the wafeyrwith: 8 pelisking pagk Ancabrasive snatesiaband corasive €hemical are added to the surface of
the wafer during_polishing. The combined mechanical action of the abrasive and corrosive action of the

chemicalrebveS Ry ifegtigr ESPOLTEpIY, resitiAG A thitormiy Hat Surfdce 1ator

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

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition technigques determined in
part by the type of material being deposited. For example, thin

film deposition may involve chemical vapor deposition (CVD),



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 contactypads for interconnection with other system components.

Contact pAU&SbRfied HVeP the'ssinitbhdbttof dicPare theR TohRe¥iedToRbitact padefithin the package.

The elecisicatearestions can begnade withssolder burmps,1styd bumpsyepagudtive paste, or wirebonds.
An encapsulant or other maolding material is deposited over the packag%;o provide physical support and

electricali81AfGA - SFhe- finiShEd pREKAGE R Iner 1FSErtedinte AR RISt systai4fid the functionality of
the semicondusterdeyjcesis nnade avaitable tothe-othep systesreeraporentsonent s .FIG. 1 lllustrates

electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of
comiconductor packagblImTHEE brA et EXAERTG HvEE sBITaY har HEAEN o
semiconductaihpackageyesmiitiplel &pesiof semieanducitrpackages,i dependirg oa the application. The
different té/ggg gg semé%ondéjc(te(}r pcargzkaggs are %0\%12 in glc% ;: ;l%r Cpurpgsesa%ftig%sntratign.

Electroni ewceeS?OlmaS/ be'a stand-alone system at'uses The Sermiconductor packéges to perform one
or more éleetnisakfunetions: ltesnativetyyretedironic dévicebOtmay beé stsulxcomypdnent of a larger

system. For example, glegonic device.59 mey.he  granlics caid, neork Intertage.card, or other signa
processing card that can be Inserted info a computer. The semiconductor packagecan Include
microprocessors,dnemonigs sapplication spesific sntegrated tircuits GASIO)clogitdeircLitsnanalog circuits,

RF circuits, discrets dgvices, orothes semigonductor.die o electigal compenents.. ;s
removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

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

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then

packaging the die for structural support and environmental



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 provid®péwerand grsurti-Coihkttisnd 16 e4dit of e serfitBhddctor padkkshedd Prokfflsome
embodiments: @ seimicenduetor davice hasdwe packagingldevels. kisstlevel pagkagingds a teghnique for
mechanically and electrically attaching the semiconductor die to an intermediate carrier. Second level
packagingiAvdl€s methanitafy And BIECtREIN Aty the iAtetmiiats Chfidi Yo HREPCE. In other
embodimesats, iisersiconduetor devicgunay obly hayvedhe fisstie el packaging wheredhe die iso

mechanicallg and electric%ISI)é mounte directgl :f tge PCB. For thetgurpose %f illustration, several
types of firsERVSFASECKAYMNG: inciTding Wire Bond' Packaye'se &hd Hid Erip 56 A& shn on PCB 52.
Additionally r sevesahtypes ofisedand levekpackagingy inchuging datl grid areay: @BGAPp66,sbump chip
carrier (BCC) 62, dual in-line package (DJP) 64, land grid array (LGA) 66, multi-chip moduyle (MCM) 68,
ot TSI PACKAES O] Tkt Blad ISt B kgt T, o8 LRGuA b mEH Sreb L 82
Dependimgdpomw tHensysteimaregairemeats, ahycombinationreflsemicoadudton packagess coafigured with

any combination, of first and second |evel packaging styles, as well as other electronic components, can
be conne“é%e% toslgéﬁe@.%ﬁ 'S %’e grj% §d§#g}ﬁ§'e%§{?§ﬁgt evice 50 i%%fud%]é a éiﬁai%ogtr?agched
semiconductemnpackageawhile otherembodiféntsy calbfor mulfiplesntéecormicctel packageseBy
combining one.ormore semiepndugtor packages,oyer.a single substrate, fanyfagturers gan incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sépkisficatedfenctionakisg elecrohltadevicesedtBe Mmdrufacturedasing cheéapgstemponents

and a sueamliped manyiastyring pigoese. The resiting deviees areisssdkelydofalland less expensive

to manufacture resulting in a lower cost for consumers. S. 2a-2c show exemplary
semicondutierigackages. Fi Ztilastrates fetherdstareRbfP 64 mounted on PCB 52.

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

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
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,

discrete devices, or other semiconductor die or electrical



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, capacitors, resistors, and other circuit elements formed within the
active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material,
such as AlGMRIHRTARY, copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are electrically
connected to the circuit glements formehwihinsemicaaductordiestd Dwringsassenably ©f DIP 64,
semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesiveThaterialSach S5 thetial Bpdxy of Epoxy fesin e Fadkige bty ihfftdes an insulative
packagingdnatesiaisuaivas pelymers eeramice €ongductos leads. 80 and avire-hardss82 pravide electrical
interconnect betw%e semic nductgr die 74 and PCB 52. Enc?}pSl#ant 4 is dgosifted ove%gm package
rot the

for environm&Htal @cﬁ%n%@/‘fﬁ}% ehtTg nibistlife 858 paficlesfrom erftéiing te package and

contaminating glie- ¥4 06 wireilbonds=82ct r o1y thIG. 2bdllustrgtes further dietaitolbBECi625nounted on

PCB 52. Semiconductor die 88 is moucnted over, %(%%i% 90 ucs‘_ilrlg an undegill orceé)ox -resin adhesive
c

material §2. \Wire B%%h@stglf gr’ov?dre wsP %5eﬁ5& aging In erconnect between contact ﬁﬁds 96 and 98.

Molding ¢orgpeund orercagstlant d00ds deposikadoverisemiconductor det8®antbaviresibonds 94 to

provide ph%g'cal %upt%oert %régn glceé:%r(if@é stoIatio(,jncf]g)gl theesde\rlgg%.n%or&tagt %ao(ljs %%% are (faonr@ed over a
surface of 5 using a suitable meta?aegosmo process such as eﬁe&rtﬂytlc plating or electroless
plating toypreeentexigation. CortactpadsigXaretelectriCaresnrietted tyope ov bvoreronductive signal

traces 54,11 PGB 5%, BuAs.104 265, rmedhetyvesn coniact apds 98,0 CC 62.andgantact pads 102

of PCB 52. G. 2¢, semiconductor die 58 is mounted face down to intermediate carrier 106
with a flip chip style firstilevelpackaging 1 aetiesregiors €08 of sermidorduéy i 58 ontaiies analog or

digital cirguits lmplemented ag acti\fqggséicg%\)%aissy&q%\ggqﬁ conductive layers, and dielectric layers

formed according tothe electrical design of the die. For example, the circuit may Include one or more

transistofsS aivties CRbligtors CcapribIs Fesistors: HnecothBPciFéiLft SlemersidithincactveSegion 108.
Semiconductor, die a8 is:electricaliy-and mechapically copnected i@ £ahrier 106.1hiqugh bumps 110.

BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging

using bufpsaR: SemlicorfdtitiSridie 581is 2idctricdiyaonheeted® contietive! siyhal Facesis4 in PCB

52 throughpbympsdd, signal inesl14anddawmps 4 12:Adnalding.compoundigrencapsiyant 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation

for the dévide! THE'ffip 'thip derhitbndGior dBdick Hdvide¥ AEHort&1Bctital dohduction path from the

active deyises pnisemiconductor diekd ta-ecanductien trasks @rRCB 152 inordaetorgeuce signal
propagation distance, lower capacitance, and improve overall circuit performance. In anather

embodiment, the semi€SHdUdiST diE B8N B mechahicaity ARt elEGHELIR confetfed directly to PCB 52
using flipfchips style-first levetpackaging withoutinteymetiaie icaniercdkdcage 56 and flip

chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land 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
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FIGs. 3a-3g illustrate, in relation to FIGs. 1 and 2a-2c, a process of embedding bumps formed over a
semiconductor die into a penetrable adhesive layer to reduce die shifting during encapsulation. FIG. 3a
shows a temporary substrate or carrier 120 containing 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. A penetrable adhesive layer or tape 122 is applied over carrier 120. The
penetrabfEAOESNE RyeF 182 car Ter sitigie st mbligay&ruymer such &S b-stayed et abie ‘ghoxy
resin, resistast-todieat apddngehanical stressy comp ikl She semicanductadie dgdhasan active
surface 126 containing analog or digital circuits implemented as active devices, passive devices,
conductiveRS2RE and didleurid 137erS OHREF Withfr tHE 08 BRd i &FicalffifterbaTidtEd BEcording to
the electricad desigh anthivnction of thecdiecFerexample, thescireuit may ingldde ape or more transistors,
diodes, and other circuit elements formed within active syrface 126 to implement analog circuits or digital
circuits, ﬁj%ﬁaéésﬁgﬁ%lesiﬁﬁgi Prol&ssor (DSPY ASKE e ,éo? o?ﬁé’?‘sjiéﬁélcp%g sing circuit.
Semiconductort dienk24 may alse camtain B D% sluch asdaductersycapaeitarsrand resistgrs, for RF signal
processin e amer éIq e(l)ec(:;[ri%allya%o(?dgcg\é% (Ieaglﬂ 1%(2;3 is I%oa{rrpe ovterractive Slrjgag% %26 uﬂlneq PVD,
CVD, elec ro@/ﬁc pleﬁlng? elfectroiess plating process,lor other Suitable Lrlnejtéflqdéoposﬁlon process.
Conductive fayker 128 caanvbeone ar endredayersiof iy, Co, $a,iNi, Auj Ae o othersuialble electrically
condupti\{garrpak%ricaalz. C]_;gn(%uecstil\llig%ler ]‘12118 op%rg&]esra.sc contact @adcsogleg%icggy c_onnected to the circuits
on active surface 126. ne gctrlcaﬁy cont?ucﬂve%ump material is %Ieposned over contact pads
128 using an evaporatiohGelectrahyiic piating, electivlessyplatng, dsatidrop cor sereéna peiating process.
The bump fpatesial Gan he AL$.Ni AL AG: PR.BJ; Cu, solder and combinations, thergofs with an
optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or
lead-free SoderoTHE Hupip mibteridt is-boRde:fo eantactpats 128 ising cratitable affagaentor
bonding procgss; iip.pnegmbadiment, thehump matgtial js reflowed by heating the. material above its

melting point to form spherical balls or bumps 130. In some applications, bumps 130 are reflowed a

second tifffe"feCRTprove eietical tonREEHOTY tordohtaCtPERISTIZS: TheYsunips earafsdBe Bdmpression

bonded tecontact pads 128 «1ectPePuGONductrdie 124are pounted 1 carrier 120xwith a force F
applied to back surface 132 to cause bumps 130 to penetrate into adhesive layer 122. The force F is

removed &fef aEhve sudace 226 edmedantdiGose prRIXiMityBP tGuche’% opistitfaeetinterface layer

122. FIG4 3¢ shews &l sepricepductendia d.24umeunteditg £agrierii20,with bympsa130-embedded into
penetrable adhesive layer 122. Bumps 130 may or may not contact the surface of carrier 120. The

penetrableddifdsierayar £22 1 6dred td Hatdert tH"sdesive IR ald SR trely* RodBuiifs 130.

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
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In FIG. 3d, an encapsulant or molding compound 134 is deposited over semiconductor die 124 and
carrier 120 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, spin coating, or other suitable applicator. Encapsulant 134 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 134 is nonconductive and environmentally protects the semiconductor device from external
elementsSaiitF e8htaATRas 1€ 74 Rith"burfip$ 236 @nfisedded into penetrable adhesive layer 122 and

the adhesive layer cured,semigonducterdigtk4 remain statipoasy dudirg depositiomef,gneapsulant 134.
The embedded bumps 130 hold semiconductor die 124 securely in place, reducing lateral or vertical

n
shifting of the 48, While enGAPSHIAREEIA T deposited hAdEUred S tHe GiasS frahsition 1mperature (Ig)
of penetrableraghesivenlayer122 isoless than thedgiof engapsulast 134,dhen the adhesive dayer can be
cured simultaneo 2Iy with th(f eor}c,a sulant. In FIG. 3e, temporary carrier 120 and penetrable
adhesiveI8V&°127" ale fedve Bﬁp Evemnichf &tcRiity” Afedhanicat preRsi SCMP Miéchahical grinding,
thermal baket bMtlighidlasenscanhireg or wet siripping.dBmpa d 30rarerexposed fnom tomtackspads 128.
In FIG. 3f, a bottom-side buildég%interc nnect structurgz 136 ? formed ove(rjgctésvzle urface 126 of

- e

semiconéiuecﬁgrsdﬁgel A and encaps%?efln ﬂ%ﬁ?ﬁ'hgjb%il 8upal“rrll réonnect structure 136 iﬁaagég an

electricallyhgondueiive layer 188 dormed asingiacpatterningpand metalrdepuositidevproeess such as
e eI L aping;a sstolss olis Lo e 228 90 Rsang o s o
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 flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. 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
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One portion of conductive layer 138 is electrically connected to bumps 130 and contact pads 128 of
semiconductor die 124. Other portions of conductive layer 138 can be electrically common or electrically
isolated depending on the design and function of the semiconductor device. The build-up
interconnect structure 136 further includes an insulating or passivation layer 140 formed between
conductive layers 138 and pontaining one or more layers of silicon dioxide (Sioczg, silicon nitride (Si3N4),

silicon oxyhitRdé [STON)C TR pEAtoxRVAS20BY, Afuimting oXide AIZ0S Cordther material having
similar insylating and:strysctinakpropettias. Ibeinsulating layer 340 isformedaising PVEL L£\EB, printing,
spin coating, spray coating, sintering or thermal oxidation. Bumps 130 are embedded within insulating
layer 1405° CONIYTEIGI3 AT Eidcieally Bonductive Butfip nidtefis8 tepdsited dver build-up
interconnecb stigciutie h36 and eleetricalweannested-torconsictive tayend 38 using/am gvaporation,
electrolytic, plating, electroless plating, ball drog, or screen %[i,nting rocess. The bump matterial can be Al,
Sn, Ni, Aﬁ,lﬁﬁ,uﬁ’%, B CUSBRHEF Sand COmBIRALBRE tT&H8SF Wit & optiéndl Hik Sotion” #or example,
the bumpimaterial can beceutecticaSnARD, hjghrteddesalder, be lealyfree sakdet eEhelbhumpthaterial is
bonded t cogggct'év Igger 13%Esing a}lsuitable j'?gagﬁzhrngt or borldin%%ocess. In one e bodiment, the
n

bump ma erial is reffowed B)g heatln?g elﬁlatc’etr?’a above its mglﬁﬁg p% S ?IolrrrﬁqsﬁqherlcaﬁJ alls or bumps

142. In somesappidatidres, bamps=142 are.reflowed a second time to improve electrical contact to

conductive layer 138. The.bumps can alsq be.com eressiiﬁnrbé)ggg%% cggd%qglg layer 1358.%3u_mps 142
represent one type of inferconnect stfucture that can’be formed- over conduciive layer 138. The
Interconriect stusturecars also wsecboldd nirebustod bummpiadicey bump, eeotherefesttical IAteeconnect.

Semicongyctor die 2 ate. sinaulale with sav blade op Laser culting fogl Lidnio indiyicya) FO-WLCSP
146. FIG. 4 shows FO-WLCSP 146 after singulation. Semiconductor die 124 is electrically
connectegntedRid L finterconhdét stReturt A86 and-Bipps AR . Witrsbumps 130 embaddad into

penetrable;adhesive layer, 122 semicondugtor die 124 remain secyrely inplage during deposition of

encapsulant 134. The embedded bumps 130 hold semiconductor die 124 securely in place, reducing
lateral orReHIEEE Shiffifylofthe diempRifel &Recapstlant 13395 depbsited afé cufeh Thecdib&dded bumps

130 also gimplify the:manpiacturing pracess by elimynating theneed toformavetiable contagt pads or vias
in the Interconnect structure to expose the contact pads, as described in the background.

structural support. A penetrable adhesive layer or tape 122 is

applied over carrier 120. The penetrable adhesive layer 122 can

be single or multi-layer polymer, such as b-staged curable epoxy

resin, resistant to heat and mechanical stress.

In FIG. 3b, semiconductor die 124 has an active
surface 126 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 126 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 IPDs, such as inductors, capacitors, and resistors,

for RF signal processing.
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In another embodiment, continuing from FIG. 3b, semiconductor die 124 are mounted to carrier 120 with
a force F applied to back surface 132 to cause bumps 130 to penetrate into adhesive layer 122. In this
case, bumps 130 penetrate adhesive layer 122 to a depth that leaves active surface 126 displaced from
the top surface of penetrable adhesive layer 122 by gap 148, as shown in FIG. 5a. FIG. 5b shows all
semiconductor die 124 mounted to carrier 120 with bumps 130 embedded into penetrable adhesive layer
122, while leaving gap80&tvebh Fetive sEAAEE 126 dhd thE Hdhksie Sy ero BIRtHLYSE may or may

not contagt the,surfacerefcarner12 ithe pengtrable pdbesive fayefd22 is catachtp harden the adhesive
layer and securely hold bumps 130. In FIG. 5¢, an encapsulant or molding compound 150 is deposited
over semicoHAuCiorUie 184 Hnti CarREPTSS Gsinga PatE privting 2LomipRsssie MERITY, tramfer
molding, figuideencapsulant metding, agwpim lamdination kspin ceating,os:0tharssuitablesa@pplicator.
Encapsulant 150 fills gap 148 between active surface 1 ?ﬁand penetrabli%\t}j)hesive Iaglter 122.
Encapsulaht 158 cah te polyme? toftipodits Mat&Hal SGCH aS epoky tESiA With kY “sgoxy acrylate with
filler, or podyreeriwith praperdiller. Ercapsulant 130 ispemn<oaductivecant envirgramentally protects the

sem|(:ondL{LctortdeV|cerzL rom externaclte(lfnéentghagd cont%rPJCnants. . With byfrg%s :I&%gmbedded into

penetrabFe adhesive ayér 792'4nd the adResive Iacferr%ureti Semiconductor die T84 renain stationary

during deposition of entapsulant 150.aTheyembredded bumpsuiB0 heldesemitonductepdieil2zisecurely in
place, reducing lateral or vertical ? ing_aof the die, while en apsulant 50.is d§ sited and cured. If the
Ig of pengt\fglgleca%%%%ﬁ/% IE;%%Sl g |§8551 %%nat%eﬁa%?%ﬁ%%pgﬂéntel% C,t—fﬁéjn %?elgdhesive layer can be
cured sinpdleahenaslyanitt thecdmeapsplant ing, balhlFIG: &g, temperarg earrier 120and penetrable

adhesive Jayer 122 are semayed by chemical efehing, mechanical pgel-off, CME, meghanigal grinding,

thermal bake, UV light, laser scanning, or wet stripping. Encapsulant 150 remains covering active surface
126 and foractexlalstress ralief butfenbativeien semicenductoridie 122 amd baild-Up fidterconnect structure

152. Bumps; 130 are exposed from encapsulant 180, 1.« o 513 FIG, 5,8 hottomsside bylldeyp

interconnect structure 152 is formed over encapsulant 150. The build-up interconnect structure 152
includes & Electficallycordeittve fayef 294 foipred 0siAg a- pattériing ait metal depositivn process such

as sputtegpgqeleciralytic plating, god elaciwless; plating. LLondudtive layer kad-can be one or more layers

ot Al bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 130. In some applications, bumps 130
are reflowed a second time to improve electrical connection to
contact pads 128. The bumps can also be compression bonded to
contact pads 128.

Semiconductor die 124 are mounted to carrier 120 with

a force F applied to back surface 132 to cause bumps 130 to
penetrate into adhesive layer 122. The force F is removed after
active surface 126 comes into close proximity or touches a top
surface of interface layer 122. FIG. 3c shows all semiconductor
die 124 mounted to carrier 120 with bumps 130 embedded into
penetrable adhesive layer 122. Bumps 130 may or may not contact
the surface of carrier 120. The penetrable adhesive layer 122
is cured to harden the adhesive layer and securely hold bumps

130.
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Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of conductive layer 154
is electrically connected to bumps 130 and contact pads 128 of semiconductor die 124. Other portions of
conductive layer 154 can be electrically common or electrically isolated depending on the design and
function of the semiconductor device. The build-up interconnect structure 152 further Includes an
insulating or passivation layer 156 formed between conductive layers 154 and containing one or more
layers of 5102, SI3N4, @O%\F Fa208; APDEor ottiet rAdteriaF naHnG Sl RS ARy égé strictural
propertiegephg instdatingdayeelb-isfatned tsingP VD4 CMLY priting e spin £oatingngpray coating,
sintering or thermal oxidation. Bumps 130 are partially embedded within insulating layer 156. In
FIG. 5f, dP&IEEricaily EoRUctiveBUNTS ateridl 3¢ dep8sitdd 6vet 5ufildip térdonned Stflicture 152 and
electricalyneonnectechto eanductive layer b4 using an evaporaipnnelectelytie plaiingo elestroless
plating, ball drop,.or screen printing process. The bump_material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu,
colder, aitd EbMEITattHS theof ith SR SPESHARTLX SolLkioit For exaia the BURRS Ribiiial can be
eutectic Sa/Pbr high;lead Soldet, eplead-freessolder. dihefliump Mmateriakig bondedda €ondtctive layer

154 using a spitable attachment or bonding process. In one embodiment, the b material is reflowed
by heatingjﬂge matefial above its mehlng oint to form sp%er'ical aﬁlspor%umps . In"some applications,

bumps 158 are:rdflovwedaa seconvd timeteripidve ebectrieat sontact tweconductive fayer 4841 The bumps

can also Pe gompression Poggg% it} 1(::(S)ngl%c |vgolg¥er 154, Bcusmps 158 represent one type of Interconnect

structure tﬁat can be ?ormed over conductive layer Tg&n‘?ﬁe interconnect structure can also use bond
wires, stud bump, micréisumppuorccthéBélectricatifitelcomtiectrenet raSémicohutietoraie 424 are

singulated yyith, saw blade gt Laser cufting.tool 160 into inglyldualEQeWI GER. 162 v emain
stationary during deposition of encapsulant 134. The embedded
bumps 130 hold semiconductor die 124 securely in place, reducing
lateral or vertical shifting of the die, while encapsulant 134
is deposited and cured. If the glass transition temperature
(Tg) of penetrable adhesive layer 122 is less than the Tg of
encapsulant 134, then the adhesive layer can be cured
simultaneously with the encapsulant.

In FIG. 3e, temporary carrier 120 and penetrable
adhesive layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, UV light,
laser scanning, or wet stripping. Bumps 130 are exposed from
contact pads 128.

In FIG. 3f, a bottom-side build-up interconnect
structure 136 is formed over active surface 126 of semiconductor
die 124 and encapsulant 134. The build-up interconnect
structure 136 includes an electrically conductive layer 138
formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 138 can be one or more layers of Al, Cu, Sn,

Ni, Au, Ag, or other suitable electrically conductive material.
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FIG. 6 shows FO-WLCSP 162 after singulation. Semiconductor die 124 is electrically connected to
build-up interconnect structure 152 and bumps 158. With bumps 130 embedded into penetrable adhesive
layer 122, semiconductor die 124 remain securely in place during deposition of encapsulant 150. The
embedded bumps 130 hold semiconductor die 124 securely in place, reducing lateral or vertical shifting of
the die, while encapsulant 150 is deposited and cured. The embedded bumps 130 also simplify the
manufactififighit 6 e by ElimrARG the ‘ﬁeéalfﬁ?orﬁ?ﬁleitﬁb%l&ﬁﬁédtcpﬁdiyor%%ﬁlcth% ntefconnect

structure }Q8Xp0S8 coRtaEet pads 428, asdescribeddn the hackgreund oWithigap 248 between
semiconductor die 124 and penetrable adhesive layer 122, encapsulant 150 covers active surface 126 to

provide Ste65 TEIET betwEen the Semifcohdlitlor ieafd Bultd-up ifiteréorfiett $rGeRe™ °F  FIG. 7a

shows angtber-embadiment yvthstemparapesidhistiate or cakien dfDpontainingsactificial base material

such as si\lri\‘t/:on, %)ol, mer,go%/merifomposite, metal, ceramic, glass, glass epoxy, beryllium oxide, or other

suitable I6WcoE , gﬁa?ﬁl grial fof stfuctural support. An adhesive layer or tape 172 is applied over carrier

170. Adhesive layer 172hearphe single of nikdti-tayen poltymery suchias bistaged curabte epoxy resin,

resistant to h(fat and mechanici\l tress. A Qlu alit ogto enin%{j)r §Iots 173 s formed in adhesive
clud a% Si a% or

layer 172161y mechanical c]irrﬁﬁhlg, e éfrﬁ%g%r [Asar cutﬁné.o lots' {73 corresponéfllﬁ”é]]1 t(%)%fé%%(rennent of bumps

180 formedmisemicendacter diel BA4 tonve mourkechtoncarsiee 180 andr ean aperate @s alignment marks,
avoiding thelneed for precision <bﬁor}§l% g equipment. The depth of sl 73 is substantially equal to, or
slightly grselatércgﬁeg{sl ?hxaln, fhe éig of %&mﬁgol%o? and ltr%ee Wl(détﬁ%ﬁ slots %17 are nsubstantially equal to
or slightlytess tiar davidthiofbumpe 186 Ltorfopmr tightdsontlisetWeen the bumpsmarkadiesive layer

122. An optippabpatterned gaste ALOWe A75 ¢an b deposfiad intg slots 173 for hitter adhesion to bumps

I
180, as shown in FIG. 7b. FIG. 7c, semiconductor die 174 has an active surface 176 containing
analog osdigitalteircuits impleemdnted as adtive tevickst passive deviced lcondluEtivafayers dnd dielectric

layers forgred within the,die and slecricallyptercopnected ggcqgmi@gtheﬂ%@e@ﬁ@&sw and function
of the die. For example, the circuit may include one or more fransistors, diodes, and other circuit elements
formed withfr 8ctive St fite 1176  to iRipleRentandlsg chretitslordigitaléircuits Nsithras DSP, ASIC,
memory, o pther;signal processing circuit. Semiconductor die 174 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing. An electrically conductive layer 178

is formed over active stffaté 426 USing*P VB! €V 1¢l8ettaly e pRifiRG &R chmes Pidtigisrocess, or

other suitable;metal dep@sitivaprocass: Gandugtive lyerd 48 canhe-ene or mase dayers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 178 operates as contact

pads eleGtHEAl CSihebled PR TCHEHItS OnGetive ShifsEe 4785 138 usSing 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 138 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 142. In some
applications, bumps 142 are reflowed a second time to improve
electrical contact to conductive layer 138. The bumps can also
be compression bonded to conductive layer 138. Bumps 142

represent one type of interconnect structure that can be formed
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An electrically conductive bump material is deposited over contact pads 178 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 contact pads 178 using a suitable attachment or bonding process. In one embodiment, the

bump mat&fial i§ Pebied By heatitg the’Materidl abbié 5 ARG ot 1o ForhT Splvétitat baffs or bumps

180. In seme appligatianss HUmps 8 argrefleweda seegnd thhede hpraveselegtiisalconnection to

contact pads 178. The bumps can also be compression bonded to contact pads 178.

SemicondO&tor G174 bre aligned and mounted to carrier 170 with a force F applied to back surface 181

to cause bumps 180 tospenettatainto stots 14 310f adhesiveilayeri bz d heiforceskis remavedafter active

surface 176 comes intqQ closecpriximg%/ or touches a tap, surface of interface Iglyer 172. FIG. 7d shows all
ocafri

semicondUittsr dic 174 MBuhited &r't70 with blhTp&'180 8mbedded Within slots 173 of adhesive
layer 172. The penetrabissadiesive layer 07R1s cered46 hafdern thel adhdsive tayer and securely hold

bumps 180. . In FIG. 7e, a capsulant or molding compound 184 is deposited over
omcon s lF GRSt Satien 190 Lo 8 PaSe Hthg. DS Bhig rditor molding
liquid encapsatar madings vacuum famindéionnspibwoating, 46 .oth@r stitdbbenapplicaior. Encapsulant

184 can b, palymey composits,mgteria) such s ehmygsinwith fler, gRoxy acylase with fler, or
polymer with proper filler. E capsuﬁant 4%s nonconductive and environmenta y protects the
semiconduttordevider froaraxtednal eferméntsanduconmamirantssition JWithbummes 18 eémbedded into

e R s el S ST e S SRS e

reducingin place, reducing lateral or vertical shifting of the die,
while encapsulant 134 is deposited and cured. The embedded
bumps 130 also simplify the manufacturing process by eliminating
the need to form wettable contact pads or vias in the
interconnect structure to expose the contact pads, as described
in the background.

In another embodiment, continuing from FIG. 3b,

semiconductor die 124 are mounted to carrier 120 with a force F
applied to back surface 132 to cause bumps 130 to penetrate into
adhesive layer 122. 1In this case, bumps 130 penetrate adhesive
layer 122 to a depth that leaves active surface 126 displaced
from the top surface of penetrable adhesive layer 122 by gap
148, as shown in FIG. 5a. FIG. 5b shows all semiconductor die
124 mounted to carrier 120 with bumps 130 embedded into
penetrable adhesive layer 122, while leaving gap 148 between
active surface 126 and the adhesive layer. Bumps 130 may or may
not contact the surface of carrier 120. The penetrable adhesive
layer 122 is cured to harden the adhesive layer and securely

hold bumps 130.

In FIG. 5c, an encapsulant or molding compound 150 is
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lateral or vertical shifting of the die, while encapsulant 184 is deposited and cured. If the Ig of penetrable
adhesive layer 172 is less than the Ig of encapsulant 184, then the adhesive layer can be cured
simultaneously with the encapsulant. In FIG. 7f, temporary carrier 170 and adhesive layer 172 are
removed by chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, UV light,
laser scanning, or wet stripping. Bumps 180 are exposed from contact pads 178. In FIG. 7g, a

bottom-sifEBUHEGS inteiebnAEBLERHITE 1B i€ ¥6rmed oferadiverstitface 476 Srdmitonductor die
174 and eacapsulant184n d he bulgupsintereonnad stiyicture 186daelugdes anralgctigallyiconductive
layer 188 formed usingca patterning and metal depasition process such as sputtering, electrolytic plating,
and electrOI68E patingt CORULLRE 1ay8F 188 caf B BHe & mord iHy e OB AR ©u, S, Ni AU, Ag, or other
suitable eJactrigally=cengiictive taateriak neopartion ©f tonductivedayerl 8816 eleetrieally connected to
bumps 180 and contact pads %1%?8: of semiconductor. die 174. Other q{ortions %gonductive layer 188 can
be electridglly ¥6mion 8- Slectricafly isotatad depending B the ‘desigh hd furfction of the semiconductor
device. EncapJhedilditiwintercobregisinpatiire d@tfotherinchdesian insalating o5 passivation layer
190 formed between ﬁo@qﬂ(‘fg’e Ia)éers 188 and ﬁor%tainviqnlgcgns oitil%ore I%)éers o{ 5i02f Si3N4, SiON,

Ta205, A?fo%’l, or Vg)%hter mcelterlaﬂ’law]%éD é?’mﬁ‘a(:rrlﬁ]sﬁatelng and struc gl’propeﬁf%syﬁaﬁe iﬁqslutfélting layer

190 is formegbasing PMR rCVIE priatisg,1spit cdating, spnay ecatingy; sintergngodthermal oxidation.
S R S SR RS o B 0 Al S
elements and contaminants.

With bumps 130 embedded into penetrable adhesive layer
122 and the adhesive layer cured, semiconductor die 124 remain
stationary during deposition of encapsulant 150. The embedded
bumps 130 hold semiconductor die 124 securely in place, reducing
lateral or vertical shifting of the die, while encapsulant 150
is deposited and cured. If the Tg of penetrable adhesive layer
122 is less than the Tg of encapsulant 150, then the adhesive
layer can be cured simultaneously with the encapsulant.

In FIG. 5d, temporary carrier 120 and penetrable
adhesive layer 122 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, UV light,
laser scanning, or wet stripping. Encapsulant 150 remains
covering active surface 126 and to act as a stress relief buffer
between semiconductor die 124 and build-up interconnect
structure 152. Bumps 130 are exposed from encapsulant 150.

In FIG. 5e, a bottom-side build-up interconnect
structure 152 is formed over encapsulant 150. The build-up
interconnect structure 152 includes an electrically conductive
layer 154 formed using a patterning and metal deposition process

such as sputtering, electrolytic plating, and electroless

plating. Conductive layer 154 can be one or more layers of Al,
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electrically connected to conductive layer 188 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu,
solder, and combinations thereof, with an optional flux solution. For example, the bump material can be
eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer
188 using a suitable attachment or bonding process. In one embodiment, the bump material is reflowed

by heating‘the TRatebar aBove fImelingPdiRttoSorrhEpherigdas=is o btip< 288 4A sbiife applications,

bumps 192 ake-reflowedba segend time todmpsevea electrical ggrtact toacondustive tayer 4885, The bumps
can also be compression bonded to conductive Iafy»er 188. Bumps 192 represent one type of Interconnect

structure SRACGHATEE fdrmdd Ut condudive RSB 188, PR fitdrcdnAEcCRRICtreBAR Q50 T5& bond

wires, stuckumportere b, iarratherrelectiieakiniersonageir 154 cSemieonsustardie d74-are
singulated with saw blade or Laser cutting tool 193 irr%o individual FO-TILCS§>S. , n another
embodimeRt EohtiRbing fFom FIG2 7Y ant eREApSHant St Hordisy Sdmp8ing 18498 d8BSsited over
semiconductaertdierl 7dfanchearsien 170 msingt @ pastevidrinting, compressive molding, transfer molding,
liquid encapsulant mol%g , yacuum lamination, spin cogtirsl% orcqcther SLiigaﬁ)lefgggllijcgtor, as shown in

FIG. 8a. Encapsulant 194 can bée p_oﬁ}jmérnctoen%ﬁosr}féer%atena \suc ‘as €poxy resin Wwith filler, epoxy

acrylate witl fillers or polymeruiith: propeo fillgra Exncapsulant 194 ssrndri-6orfiductive dreltermaronmentally

protects ihesemiceqductor devics fpm, gternal elsments andeqpamants JpEIS- 8. terporary
carrier 170 is removed by

Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 156
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. Bumps 130 are partially
embedded within insulating layer 156.

In FIG. 5f, an electrically conductive bump material
is deposited over build-up interconnect structure 152 and
electrically connected to conductive layer 154 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 154 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 158. In some
applications, bumps 158 are reflowed a second time to improve
electrical contact to conductive layer 154. The bumps can also
be compression bonded to conductive layer 154. Bumps 158
represent one type of interconnect structure that can be formed

over conductive layer 154. The interconnect structure can also
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chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, UV light, laser scanning,
or wet stripping. In this case, adhesive layer 172 remains over active surface 176 and bumps 180.

In FIG. 8c, a bottom-side build-up interconnect structure 196 is formed over active surface 176 of
semiconductor die 174 and encapsulant 184. The build-up interconnect structure 196 includes an
electrically conductive layer 198 formed using a patterning and metal deposition process such as
sputterind SEeBrOIFtic platifg, Shd leetBRss b4ty ‘CoHtuchve Plya? 198 &nHe 6A¢ or more layers of
Al, Cu, SnnN& b g ©F other suitable electrically conductive material. One portion of conductive layer
198 is electrically connected to bumps 180 and contact pads 178 of semiconductor die 174. Other

portions of conductive T4y 198 TAR Y eRLfrichfly cOmman BPEBkEIRANY idolatéd Hependhg™dn the

design and iunetion of theysemicondeiotof tleyicend i vidud hetpildiupsintereannect structure 196 further
includes an insulating or passijvation layer 200 forme&ci etween conductive layers 198 and containing one
SN G J

or more layers of 5102, Si3N4° STON"Fa205, 20 Mnatterfal hAVInG siffilar insulating and
structurabkpropettiesu dhernsulating layers 260 ds-tormed lusing: BVE: VD, printingi spiugoating, spray

coating, sintering or thermal oxidation. In.F|G. 8d lectrically conductiv mp material is
depositedL rolt\clg”rr gﬁpcﬁﬁﬁ ?nt(%rtc%%%aégff setrulc?&rea %H&l %ﬁezg?;%ally cﬁh%%c%e%sco%§§ctive layer 198
using an evapoidtion ielectrolytie plaiings elediroless ldtings ball 22op,semscreeni panting prioeess. The

bump mafgr'al can he Al, Sn, Ni Au,.Ag Pb, Bi gur;fglder, and.c mbinati%nsetrlceari%g{iyvithtan optional

flux solution. F%?rgiallr%pfee,%ﬁé: %’lljr%p ma?elr%(fec,an e egte%%}cj%snjl 6,orr11|gﬁ ead solder, or lead-free

solder. Th& Bumpr h@t@ﬂ@b@d@ddéﬂlt@@orﬂcﬁ@:tii}@ layes QQBQMrdglgwnaﬂléeatmmﬂ@r dondi ng
process. In, ope embodiment, {he bump.materigl is iefloyed;by.hgatng the /pateial ghave its melting

point to form spherical balls or bamps 202. Tn some applications, bumps 202 are reflowed a second time
to Improvehéléetricareortadttotcohabictive Rger $98 sPhe bdmpsiczt-alsd be comysrédsion bonded to

conductiye fayer 139, Bumps 20z Jepiesentane ine: sbiptareqmnest siugwre hal cap:be ortmed over

conductive layer 198. The interconnect structure can also use bond wires, stud bump, micro bump, or
other eleéfficaniptstcéndc@rm wettable contact pads or vias in the

interconnect structure to expose contact pads 128, as described
in the background. With gap 148 between semiconductor die 124
and penetrable adhesive layer 122, encapsulant 150 covers active
surface 126 to provide stress relief between the semiconductor
die and build-up interconnect structure.

FIG. 7a shows another embodiment with temporary
substrate or carrier 170 containing 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. An adhesive layer or
tape 172 is applied over carrier 170. Adhesive layer 172 can be
single or multi-layer polymer, such as b-staged curable epoxy
resin, resistant to heat and mechanical stress.

A plurality of openings or slots 173 is formed in
adhesive layer 172 by mechanical drilling, etching, or laser
cutting. Slots 173 corresponding to placement of bumps 180

formed on semiconductor die 174 to be mounted to carrier 170 and
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Semiconductor die 174 are singulated with saw blade or Laser cutting tool 204 into individual
FO-TILCSPs. FIG. 9 shows an embodiment, continuing from FIG. 4, with a plurality of dummy
bumps 210 formed over active surface 126. Dummy bumps 210 are formed at the same time as bumps
130 and penetrate adhesive layer 122, as described in FIG. 3b. The interconnect structure 136 is formed
over dummy bumps 210 such that the dummy bumps are embedded within insulating layer 140. Dummy

bumps 26 Raf& rbEiEctfiCalconARBROT t& e Src ité Withif Aci stifact 126 oPtEEdrtittive layer
138, but pawidenadditiongaeechanical dntedpek sbengthdeiween semicansiietordie 124 and build-up
interconnect structure 136. _ FIG. 10 shows an embodiment, continuing from FIG. 4, with a
plurality GtHi4s forfedthrotighiftel€ofiee Siticfife 138 STHE Yks &rB iR WilH-AP TP 8P RRother
material with highhthermal eartuctivity tol torm theemalhecentiictiva tvias 212.Bumps 442a:are electrically

connected_to conductjve layer 138 for power supply and signal transmission. Thermally conductive vias
212 are metafitigidal ec%%n%%?era ) Bﬁré%%lﬁfb%”ﬁpo%i egga(th% maldiésipation path’fd Sonduct heat
away fromegemicandtciobdied?4and adhddGval shows areembodimentt continuing froprkkst 10, with

a heat sink or heat spreader.214 mounted to build-up Interconnect structur. 6 and connected to
thermallyp éaosntd%cfﬁe %u%%ezfz. CB21865s %cﬁ%%elg: ?o%é&ts?nfgf Sar%ué)%ral%srlg)ftﬁ% combination of
thermallysctreluctive viask2i2, heaBsink 244shnd PGB 226Grovide a thermal dissipation path to conduct

heat away from semicoind dig 124, An.optional thermal. Intelrf7a4cehm terial (TIM) 218 can be formed
on one or both surfaces%flﬁie(agf sinﬁ’Zlﬁ?Hﬁh\ﬁoﬂ%uccécnoge %fueminum oxi e,aéjincg:1 %&ﬂé,e boron nitride, or
pulverizedwsilferc 1M 7218 aids an thendistribution amd dissipation of heatigeneratedamesamitoaductor die

124. 5o G- 12 Shaws anembediment, qoniinuing,ram kI, 4. Y"A[feaf@)m&’n%?o formed over active

surface 126. Bump 220 has a cross-sectional area greater than bumps 130 for lower
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 176 to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 174 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing.
An electrically conductive layer 178 is formed over
active surface 126 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 178 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 178 operates as contact pads
electrically connected to the circuits on active surface 176.
An electrically conductive bump material is deposited
over contact pads 178 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
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resistance, greater current carrying capacity, and Improved electrical performance. FIG. 13
shows an embodiment, continuing from FIG. 6, with a redistribution layer (RDL) 222 formed over
encapsulant 150 and electrically connected to conductive layer 154 in buildup Interconnect structure 152.
RDL 222 is electrically connected between bumps 130 and bumps 158. FIG. 14 shows an
embodiment, continuing from FIG. 4, with semiconductor die 224 having an active surface 226 containing

analog oP@igHalGRuits TMpIEHTEmtBaSs ddtve tdide hssite dedied citraive fayerd Ftd dielectric
layers formeghwitbindthesigang electnically-Intereonnracied accandingtadperelectriealdesign and function
of the die. For example, the circuit may Include one or more transistors, diodes, and other circuit elements
formed WA &CtiVESsUrfdEE? 556 16 iplkAfent Bhafb g cifttits B tigitdt EREGTS Shch Bs DSP, ASIC,
memory, 105 0dhersignal preeessinthcircuit. Semicanaducior dire?24umpy mdsceeaniainilPDs, such as
inductors, czgacito s, and resjstors, for RF signal ocessin%. Atplurali y of contactgpads 228 is formed

over active SUITAEE'258 ahd dledfcd ecd?‘n%’(?%?e A8 cuitd Bn'tfie acfive Blrtade. XOpltPaity of
bumps 23@ace-formedoever contadbpads 2280 Semicondirtoragie 22448 mauntedtonpdild-ap interconnect
structure ;}3(9 blye Iffgtriecgllyé cognecr'gi g btgnnép (%30 r%o ggngug'vgclg)f/er %%8. (,:6(5 (rjliscr te ggs%i(\jle or active
componen]f can also be mounted to uifal-up interconnect stricture 136, While dne ‘or more
embodiments etctherprésenitifventitmchaveripeercilustrated ibeletailntive skillec altisanawill appreciate that
modificaticoonmst%ndgadaa@gtiqr?sgto those embodiments may be made without departing from the scope of

C o . . .
the present inventioh as set forih in the following claims.
Semiconductor die 174 are aligned and mounted to

carrier 170 with a force F applied to back surface 181 to cause
bumps 180 to penetrate into slots 173 of adhesive layer 122.
The force F is removed after active surface 176 comes into close
proximity or touches a top surface of interface layer 172. FIG.
7d shows all semiconductor die 174 mounted to carrier 170 with
bumps 180 embedded within slots 173 of adhesive layer 172. The
penetrable adhesive layer 172 is cured to harden the adhesive
layer and securely hold bumps 180.

In FIG. 7e, an encapsulant or molding compound 184 is
deposited over semiconductor die 174 and carrier 170 using a
paste printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 184 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 184 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

With bumps 180 embedded into adhesive layer 172 and
the adhesive layer cured, semiconductor die 174 remain
stationary during deposition of encapsulant 184. The embedded

bumps 180 hold semiconductor die 174 securely in place, reducing
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Claims What is claimed: 1. A semiconductor device, comprising: a first semiconductor die including a
plurality of bumps formed over a surface of the first semiconductor die; a penetrable adhesive layer
disposed over the first semiconductor die with the bumps at least partially disposed in the penetrable
adhesive layer; an encapsulant deposited over the first semiconductor die;

lateral or vertical shifting of the die, while encapsulant 184
is deposited and cured. If the Tg of penetrable adhesive layer
172 is less than the Tg of encapsulant 184, then the adhesive
layer can be cured simultaneously with the encapsulant.

In FIG. 7f, temporary carrier 170 and adhesive layer
172 are removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, UV light, laser scanning, or
wet stripping. Bumps 180 are exposed from contact pads 178.

In FIG. 7g, a bottom-side build-up interconnect
structure 186 is formed over active surface 176 of semiconductor
die 174 and encapsulant 184. The build-up interconnect
structure 186 includes an electrically conductive layer 188
formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 188 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 188 is electrically connected to
bumps 180 and contact pads 178 of semiconductor die 174. Other
portions of conductive layer 188 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device.

The build-up interconnect structure 186 further
includes an insulating or passivation layer 190 formed between
conductive layers 188 and containing one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al1203, or other material having similar
insulating and structural properties. The insulating layer 190
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation. Bumps 180 are embedded within
insulating layer 190.

In FIG. 7h, an electrically conductive bump material

is deposited over build-up interconnect structure 186 and
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and an interconnect structure formed over the first semiconductor die and electrically connected to the
bumps. 2. The semiconductor device of claim 1, wherein the bumps are at least partially disposed in the
penetrable adhesive layer reduce shifting of the first semiconductor die. 3. The semiconductor device of
claim 1, wherein the interconnect structure includes: a conductive layer; and an insulating layer formed

around the conductive layer. , ,
electrically connected to conductive layer 188 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 188 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 192. In some
applications, bumps 192 are reflowed a second time to improve
electrical contact to conductive layer 188. The bumps can also
be compression bonded to conductive layer 188. Bumps 192
represent one type of interconnect structure that can be formed
over conductive layer 188. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 174 are singulated with saw blade or
laser cutting tool 193 into individual FO-WLCSPs.

In another embodiment, continuing from FIG. 7d, an
encapsulant or molding compound 194 is deposited over
semiconductor die 174 and carrier 170 using a paste printing,
compressive molding, transfer molding, ligquid encapsulant
molding, wvacuum lamination, spin coating, or other suitable
applicator, as shown in FIG. 8a. Encapsulant 194 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.
Encapsulant 194 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

In FIG. 8b, temporary carrier 170 is removed by
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4. The semiconductor device of claim 1, further including a gap between the surface of the first
semiconductor die and the penetrable adhesive layer. 5. The semiconductor device of claim 1, further
including a plurality of electrically isolated bumps formed over the surface of the first semiconductor die.
6. The semiconductor device of claim 1, further including a second semiconductor die or component
mounted to a surface of the interconnect structure opposite the first semiconductor die. 7. A

semicondittBrdévice ‘CorptBing SRRt semicdnamtio? e indting 8 Praralify s fREEEMpS formed

over a surfaseref the first semjcandyetor dig;ser scanning, or wet stripping. In
this case, adhesive layer 172 remains over active surface 176
and bumps 180.

In FIG. 8c, a bottom-side build-up interconnect
structure 196 is formed over active surface 176 of semiconductor
die 174 and encapsulant 184. The build-up interconnect
structure 196 includes an electrically conductive layer 198
formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 198 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
One portion of conductive layer 198 is electrically connected to
bumps 180 and contact pads 178 of semiconductor die 174. Other
portions of conductive layer 198 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device.

The build-up interconnect structure 196 further
includes an insulating or passivation layer 200 formed between
conductive layers 198 and containing one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 200
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

In FIG. 8d, an electrically conductive bump material
is deposited over build-up interconnect structure 196 and
electrically connected to conductive layer 198 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
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an adhesive layer disposed over the first semiconductor die with the first bumps disposed in the adhesive
layer; and an encapsulant deposited over the first semiconductor die. 8. The semiconductor device of
claim 7, wherein the first bumps disposed in the adhesive layer reduce shifting of the first semiconductor
die. 9. The semiconductor device of claim 7, further including an interconnect structure formed over the
first semiconductor die and electrically connected to the first bumps. 10. The semiconductor device of

claim 7, faRtRePRcRIthTs & secoRd bimp digpodsd overthe Semiednd s die SheSSdntl bump having a
cross-seatipnabarga largesthan thesfirst huapst ol k dIhesamicendugter-devige of claim/, further

including a plurality of openings formed in the adhesive layer. ,
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 202. In some
applications, bumps 202 are reflowed a second time to improve
electrical contact to conductive layer 198. The bumps can also
be compression bonded to conductive layer 198. Bumps 202
represent one type of interconnect structure that can be formed
over conductive layer 198. The interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical
interconnect.

Semiconductor die 174 are singulated with saw blade or
laser cutting tool 204 into individual FO-WLCSPs.

FIG. 9 shows an embodiment, continuing from FIG. 4,
with a plurality of dummy bumps 210 formed over active surface
126. Dummy bumps 210 are formed at the same time as bumps 130
and penetrate adhesive layer 122, as described in FIG. 3b. The
interconnect structure 136 is formed over dummy bumps 210 such
that the dummy bumps are embedded within insulating layer 140.
Dummy bumps 210 have no electrical connection to the circuits
within active surface 126 or to conductive layer 138, but
provide additional mechanical interlock strength between
semiconductor die 124 and build-up interconnect structure 136.

FIG. 10 shows an embodiment, continuing from FIG. 4,
with a plurality of vias formed through interconnect structure
136. The vias are filled with Al, Cu, or another material with
high thermal conductivity to form thermally conductive vias 212.
Bumps 142a are electrically connected to conductive layer 138
for power supply and signal transmission. Thermally conductive

vias 212 are metallurgically connected to bumps 142b to provide
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12. The semiconductor device of claim 7, further including: a thermally conductive via formed in the
interconnect structure; and a heat sink mounted to a surface of the interconnect structure opposite
the first semiconductor die and connected to the thermally conductive via. 13. The semiconductor device
of claim 7, further including a second semiconductor die or component mounted to a surface of the
interconnect structure opposite the first semiconductor die. 14. A semiconductor device, comprising: a

first semigondGctdfdies S SaR abhasivE tdyer disgosed bver i first ¥émiddrifiictor die; and

semiconductor die 124.

FIG. 11 shows an embodiment, continuing from FIG. 10,
with a heat sink or heat spreader 214 mounted to build-up
interconnect structure 136 and connected to thermally conductive
vias 212. PCB 216 is mounted to heat sink 214 and bumps 142.
The combination of thermally conductive wvias 212, heat sink 214,
and PCB 216 provide a thermal dissipation path to conduct heat
away from semiconductor die 124. An optional thermal interface
material (TIM) 218 can be formed on one or both surfaces of heat
sink 214. TIM 218 can be aluminum oxide, zinc oxide, boron
nitride, or pulverized silver. TIM 218 aids in the distribution
and dissipation of heat generated by semiconductor die 124.

FIG. 12 shows an embodiment, continuing from FIG. 4,
with a bump 220 formed over active surface 126. Bump 220 has a
cross—sectional area greater than bumps 130 for lower
resistance, greater current carrying capacity, and improved
electrical performance.

FIG. 13 shows an embodiment, continuing from FIG. 6,
with a redistribution layer (RDL) 222 formed over encapsulant
150 and electrically connected to conductive layer 154 in build-
up interconnect structure 152. RDL 222 is electrically
connected between bumps 130 and bumps 158.

FIG. 14 shows an embodiment, continuing from FIG. 4,
with semiconductor die 224 having an active surface 226
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
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an encapsulant deposited over the first semiconductor die. 15. The semiconductor device of claim 14,
further including a plurality of bumps formed over a surface of the first semiconductor die and at least
partially embedded in the adhesive layer to reduce shifting of the first semiconductor die. 16. The
semiconductor device of claim 14, further including an interconnect structure formed over the first
semiconductor die. 17. The semiconductor device of claim 14, further including a plurality of openings

formed irfthe ddheSRRRIEYER 18 e SeMicoRbbEdr TBvite Bf chimE4, furthér iniidthg?s thermally
conductiveswia farmed inthedntercennest stuctirgn s19. Jheseamicapducterdevice of claim 14, further

includingsa heat sink mounted to a surface of the interconnect structure opgosite the first semiconductor

die. emiconductor die 224 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing. A
plurality of contact pads 228 is formed over active surface 226
and electrically connected to the circuits on the active
surface. A plurality of bumps 230 are formed over contact pads
228. Semiconductor die 224 is mounted to build-up interconnect
structure 136 by electrically connecting bumps 230 to conductive
layer 138. A discrete passive or active component can also be
mounted to build-up interconnect structure 136.

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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20. The semiconductor device of claim 14, further including a second semiconductor die or component
mounted to a surface of the interconnect structure opposite the first semiconductor die. 21. A
semiconductor device, comprising: a first semiconductor die including a plurality of bumps formed
over a surface of the first semiconductor die; an adhesive layer disposed over the surface of the first
semiconductor die with the bumps at least partially embedded into the adhesive layer to reduce shifting of
the first semiconductor die; and an encapsulant bﬁ?sﬂ'@d over the first semiconductor die. 22. The
semiconductor device of claim 21, further including an interconnect structure formed over the first
semiconductor die and electrically connected to the bumps. 23. The semiconductor device of claim 21,
further inBRiding'& tierHl§ Tonductive via formed in the interconnect structure.

1. A semiconductor device, comprising:

a first semiconductor die including a plurality of bumps
formed over a surface of the first semiconductor die;

a penetrable adhesive layer disposed over the first
semiconductor die with the bumps at least partially disposed in
the penetrable adhesive layer;

an encapsulant deposited over the first semiconductor die;
and

an interconnect structure formed over the first

semiconductor die and electrically connected to the bumps.

2. The semiconductor device of claim 1, wherein the bumps are
at least partially disposed in the penetrable adhesive layer

reduce shifting of the first semiconductor die.

3. The semiconductor device of claim 1, wherein the
interconnect structure includes:
a conductive layer; and

an insulating layer formed around the conductive layer.

4. The semiconductor device of claim 1, further including a
gap between the surface of the first semiconductor die and the

penetrable adhesive layer.
5. The semiconductor device of claim 1, further including a
plurality of electrically isolated bumps formed over the surface

of the first semiconductor die.
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24. The semiconductor device of claim 21, further including a heat sink mounted to a surface of the
interconnect structure opposite the first semiconductor die. 25. The semiconductor device of claim 21,
further including a second semiconductor die or component mounted to a surface of the interconnect
structure opposite the first semiconductor die.

6. The semiconductor device of claim 1, further including a
second semiconductor die or component mounted to a surface of

the interconnect structure opposite the first semiconductor die.

7. A semiconductor device, comprising:

a first semiconductor die including a plurality of first
bumps formed over a surface of the first semiconductor die;

an adhesive layer disposed over the first semiconductor die
with the first bumps disposed in the adhesive layer; and

an encapsulant deposited over the first semiconductor die.

8. The semiconductor device of claim 7, wherein the first
bumps disposed in the adhesive layer reduce shifting of the

first semiconductor die.

9. The semiconductor device of claim 7, further including an
interconnect structure formed over the first semiconductor die

and electrically connected to the first bumps.

10. The semiconductor device of claim 7, further including a
second bump disposed over the semiconductor die, the second bump

having a cross—-sectional area larger than the first bumps.

11. The semiconductor device of claim 7, further including a

plurality of openings formed in the adhesive layer.
12. The semiconductor device of claim 7, further including:

a thermally conductive via formed in the interconnect

structure; and
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a heat sink mounted to a surface of the interconnect
structure opposite the first semiconductor die and connected to

the thermally conductive via.

13. The semiconductor device of claim 7, further including a
second semiconductor die or component mounted to a surface of

the interconnect structure opposite the first semiconductor die.

14. A semiconductor device, comprising:

a first semiconductor die;

an adhesive layer disposed over the first semiconductor
die; and

an encapsulant deposited over the first semiconductor die.

15. The semiconductor device of claim 14, further including a
plurality of bumps formed over a surface of the first
semiconductor die and at least partially embedded in the
adhesive layer to reduce shifting of the first semiconductor

die.

16. The semiconductor device of claim 14, further including an

interconnect structure formed over the first semiconductor die.

17. The semiconductor device of claim 14, further including a

plurality of openings formed in the adhesive layer.

18. The semiconductor device of claim 14, further including a

thermally conductive via formed in the interconnect structure.
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19. The semiconductor device of claim 14, further including a
heat sink mounted to a surface of the interconnect structure

opposite the first semiconductor die.

20. The semiconductor device of claim 14, further including a
second semiconductor die or component mounted to a surface of

the interconnect structure opposite the first semiconductor die.

21. A semiconductor device, comprising:

a first semiconductor die including a plurality of bumps
formed over a surface of the first semiconductor die;

an adhesive layer disposed over the surface of the first
semiconductor die with the bumps at least partially embedded
into the adhesive layer to reduce shifting of the first
semiconductor die; and

an encapsulant deposited over the first semiconductor die.

22. The semiconductor device of claim 21, further including an
interconnect structure formed over the first semiconductor die

and electrically connected to the bumps.

23. The semiconductor device of claim 21, further including a

thermally conductive via formed in the interconnect structure.

24. The semiconductor device of claim 21, further including a
heat sink mounted to a surface of the interconnect structure

opposite the first semiconductor die.
25. The semiconductor device of claim 21, further including a
second semiconductor die or component mounted to a surface of

the interconnect structure opposite the first semiconductor die.
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