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 O AND  METHRD, ound in

A
modern electroni08 AR ORIGAGE Bl Heviied va qﬁm@?m%ﬁ%lectricm
components. Discrete sgﬁli&lf‘ﬁﬂgfbr%gic%yg%%ﬁﬂﬁl oA &%%B@%Hc?ﬁ]cal 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 compphents. &ERathdeIakatagiaied semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs).

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



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

and officE 8Ybipfterfr e £oun8enficdritfeciordelicesexpiditthe eiBRRRAY properties of semiconductor
materialse Jihe atemic: steHa | recef.semicenduston maferal allowsdts eleatpcalcondugtivity to be
manipulated by the application of an electric field or base current or through the process of doping.
Doping iftfBYUEBE imBuAfeSinto the*S8micoRdHEr MmatENAITE ?ngﬁiﬁu%feg 3nd CoRtolthe conductivity of
the semigonductordevigel i cat i ofsSemicondiielor devicenconiaias active:and passive electrical
structures. Active_structures, including bipolar and field effect transistors, control the flow of electrical
current. Iﬁ? {}5@%];1%5&‘3 o‘%%p? and aﬁﬁﬁéﬁ%ﬁ%‘ an electric field or base current, the transistor either
promotes or restricts trie=flow ofi @lectrical carrént Passivestructireseihelding-eesistors, capacitors, and
inductors, create a.relatiggshi betwegn vgltage a}[jd curr]Ient negessar to [i)%rf%rtm a vtarieéy 8ffelectrical

functionsﬁ.) lfﬁg%%séi% and active structures aré electrica If/ ‘connected 13 form Circtits, whiclt enable the
semicondustorcdevice tooperferne highlspeletbeal culatord and other lusefuldundtionsty to be
manipulated by the application of an electric field or base
current or through the process of doping. Doping introduces
impurities into the semiconductor material to manipulate and
control the conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a

semiconductor wafer. FEach die is typically identical and

contains circuits formed by electrically connecting active and



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 packagitity'the diete pr&Ade struardt stpPoRamd & iirohmEhtalgoatias. S+nIvIGhe Ydal of
semicondugdarmanufacturingris de preduce; simakersemicendugtar devices; iSrgakiercddeyicesttypically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller
semicondUctSr G&vices HaTE A 3mallRP RSSthrift Which is dEiabie’for SifalieF &Rd products. A smaller die
size may be achieved by émpvements #rnthedrentensk-progess resultingiq die with srpallerchigher
density active and passiye components, Back-end processes may result in semiconductor device
packayed Wth L&A S OAE by mSFovenr s i Bl TRa SR A A bickaging materials
In a fan-autweaferlevekehip seale, package {FOh EH. GER); arsermnicenductar dieris lcommonly ®aaunted to a

tempora_r%(;s%gporgfcarrier vgiih an afjhesi(ygil%yier. An eI{]é:fPSUIant or, moId'n%gompdc;und is deposited over

clen . n n S cr cemliconau r evi.Cces
the semiconductor d]ie %OI’ en\Xronmentgl protec?loﬁ from external eléments anc?con aminants. The

encapsulatior process iiposés forpes on thelsenticanduttoridie lasd¢hé encapsulanrtris eeposited around
the die. The adhesive layer ovelrlthe carrier may be insufficient to_hold the semiconductor.die in place
during erﬁ:ré%g%lc%gﬁ. ‘I?I%(e orces can %ﬁses \l/ezzr%icrg%r Ll%?ergi:éhllﬁm%gor% ovement gﬂﬁ%%%mllgonductor
die. theFdllowitig encapsutaticrs thie temparagy carriér andiddhesivellayer areirgéhtoved and a
build-up intereopnect strusture is,formedsoyer the, semiconductqr di and encapsulant. & plurality of vias
must be formed t%rough the insulating layer of the interconnect structure to make electrical connection to
the contaict pads ohthé seimicortiuctordielsThe giasars dare by mechanichl drillihg oF fasereutting.

The via fagmatign often Leaves; residue and ather coptamipants an the contagtpads, which can interfere
with electrical connection and reduce electrical performance. Summary of the Invention
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.

Following encapsulation, the temporary carrier and
adhesive layer are removed and a build-up interconnect structure
is formed over the semiconductor die and encapsulant. A
plurality of vias must be formed through the insulating layer of
the interconnect structure to make electrical connection to the

contact pads on the semiconductor die. The vias are formed by



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 method of
making a semiconductor device comprising the steps of providing a temporary carrier, forming a
penetrable adhesive layer over the temporary carrier, providing a first semiconductor die having a plurality
of bumps formed over a surface of the first semiconductor die, mounting the first semiconductor die to the

temporaf)LarierPémbeddihgtie Pumpsito fhepeidrabld 38hdside feraandBepddifity an

encapsulaptovey the dirshisemiganducter-dieohbehumpsembadded into the penetsakle agdhesive layer
reduce shifting of the first semiconductor die while depositing the encapsulant. The method further

includes fH&stePS OF Féh6viRg the ferffbrary tarre? AhaPJehdtrabls adfesive 1ayeF Ard-fofrhing an

interconnest sisuatdre-ever the semiconductor die. The interconnect structure is electrically connected to
the bumps. In another embodiment, the present invention is a method of making a semiconductor
device comprising the steps of providing a carrier, forming an adhesive layer over the carrier, providing a
first semiconductor die having a plursigymhleyme$ faineed ovemnd sorace of the first semiconductor die,
mounting the first semiconductor die to the carrier by embedding the bumps into the adhesive layer,
depositing an encapsulant over the first semiconductor die, removing the carrier, and forming an
interconnect structure dvercthe serliedrzduttor dieducing kharotheoembodinsent thenpresentinvention
isa methgd ofﬁrtnakin a semicgﬂ%%cctor devic com {igin?gitgefséer%sagf. %rgviéj\izrégfa first semiconductor die

. ; t .
having a plluera ?%Jf% mepnsc%gme over a surface of the first semiconductor die, em eeddlng the bumps of

the first sepiterduaterddie dmotareadhiesive fayendépositing amencapstiamdvere the firshsemiconductor
die, and formingan inigrcopnect struciute quer the, seqiconductor die,; - o, g, /P ANOES gmbodiment,
the present invention is a semiconductor device comprising an adhesive layer and first semiconductor die
having a phurality of buntdssforrned Dvef axurface oi the filst semiconductordie r The bumpsare

embeddeginic headhesive.layet Ansacansylantis deposiiedavey the first semigandyictarle. An

interconnect structure is formed over the semiconductor die. Brief Description of the Drawings

FIG. 1 illdstiates i PFEB /GINGIFett tyhed dfackages midtinted tvito sulaews formed

over a surface of the first semiconductor die, mounting the
first semiconductor die to the temporary carrier by embedding
the bumps into the penetrable adhesive layer, and depositing an
encapsulant over the first semiconductor die. The bumps
embedded into the penetrable adhesive layer reduce shifting of
the first semiconductor die while depositing the encapsulant.
The method further includes the steps of removing the temporary
carrier and penetrable adhesive layer, and forming an
interconnect structure over the semiconductor die. The
interconnect structure is electrically connected to the bumps.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, forming an adhesive layer over the carrier,
providing a first semiconductor die having a plurality of bumps
formed over a surface of the first semiconductor die, mounting
the first semiconductor die to the carrier by embedding the

bumps into the adhesive layer, depositing an encapsulant over



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 intBfconhedt stFGetd e duct o 816 || dstratds e dethicoRALCIBF dieAith bARpsEmbedded

within theintereeanee stikieture @ng-a gap between the semicesducier gie and interconnect structure;
FIGs. 7a-7h illustrate a process of embedding bumps in slots formed in an adhesive layer; FIGs.

8a-8d illustrate a process Gt EnBEddig BAPRSR Stots RS middFin At adheSive f=3/8r Which remains over

the intercasnReLStEUTIUHEL ing a semiconductor device comprising the steps of
providing a first semiconductor die having a plurality of bumps
formed over a surface of the first semiconductor die, embedding
the bumps of the first semiconductor die into an adhesive layer,
depositing an encapsulant over the first semiconductor die, and
forming an interconnect structure over the semiconductor die.

In another embodiment, the present invention is a

semiconductor device comprising an adhesive layer and first
semiconductor die having a plurality of bumps formed over a
surface of the first semiconductor die. The bumps are embedded
into the adhesive layer. An encapsulant is deposited over the
first semiconductor die. An interconnect structure is formed

over the 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. 9 illustrates the semiconductor die with dummy bumps embedded within the interconnect structure;
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; FIG. 13

illustrates the semicondd&or Biewith RB12fomet\FitiRTHS ftereohAscCstfuctireh aRgmPs FIG. 14
illustratesaisegard seiicondueter die maountesh ia-thesintareennect stiacturgapetaded Lasception of the

Drawings . , .
semiconductor die and interconnect structure;

FIGs. 7a-7h illustrate a process of embedding bumps in
slots formed in an adhesive layer;

FIGs. 8a-8d illustrate a process of embedding bumps in
slots formed in an adhesive layer which remains over the
interconnect structure;

FIG. 9 illustrates the semiconductor die with dummy
bumps embedded within the interconnect structure;

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;

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



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

equivalerfts Y suppbfted By th8 Toll WG ‘disidsiife Snddridwithst Ve L e Nt SehficBAdudtsr devices are

generallyimanufasturgd tising tre-cyppleximanufastusing precesses: froatend manufactaring and
back-end manufacturing. Front-end manufacturing involves the formation of a plurality of die on the

surface df 4 SeMicBRRTAOF tafer ERCh Ao iie WwafsF EohtdiAg hEtive afd PRSSIVE TIdttrikdle

componefts, which arel electrically €oanactedda forgs functional electrical circuits. Active electrical
components, such as transjstors and diod§§,, have the abilit%/ to cogé;ol the f|0%[\l of electrical current.

Passive electrical compoHentS SUEh &S caFACIors, indbctdrs. Fédistors, MattasrornTers Eraate a

relationship between yealtage and currehhnegassasys toeperfarno electrical nixeuitfunctionsi.gy and Passive

and active colgnpono?nts are_formed .over th%surf%ce of the sen%iconductor wafer by a series of process
. %F —8n magufacturln% Front-en Wanu a&tFrln% Env ves e
steps including doping, deposition, photolithography, etching, and planarization. Doping introduces

impurities imtoéel semiconalupton meatekal myftethaiquestsueh asridon daplantation or thermal diffusion.
The dopig% rgroc%ensgurggdifies tt}eegect_rgaalcﬁogq%cti(\j/ity %gemi @9”8%05 d{'éafﬁgia' in.active gggices,

Or, wa . W tive
transformlng the semiconductor material into an msu?ator, Conauctor, or ynamlcaalﬁ/ (%hanglng the

semicondlm*e@rfgmate&@ conductivity dampesspm‘se to mhi@t@ctﬁcéieﬂﬂacbaéecwleﬂtcwm@t@@ contain
regions of yagylng, types and degregs of doping,aranged;as,necessary, to enahle the transistor to promote

or restrict the flow of electrical current upon the application of the electric field or base current. Active and
passive coprForEsitS are forgledasy layerssafs iratéerials withidifferent efsctricdl properiies.yTheolayers can

be formed by.3 wariety of depgsition techniques.determinediin pasLhy the type of material being

deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical vapor
depositiocRPYD)SElettrofME plangs aRd elécioless piatifg préoesses IB&6H Rwyer Fgenerally patterned

to form pertigns©f agtiye components, pPagsiye COMPeNents. ofelectrical copnectiopshetwegn
components.
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,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application

of the electric field or base current.

Active and passive components are formed by layers of



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. The portion of the photoresist pattern subjected to light 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
depositingahé Matefalintd thdidrEss oF voiSF6imed by preRitus depositibhfetéR processiising
techniques:suchr-as glasirolessandelectialytic pladingi on  t e cPepgsitingathin-filohetimaterial over an
existing pattern can exaggerate the underlying pattern and create a non-uniformly flat surface, A uniformly
flat surfab& isrelgtiréd %o %Yéjdﬁjc%fsrﬁlélﬁeer mBFe-BENSEY PatkéS active’and PAZEIVE cofripbhents.
Planarizationrcaidpe Bsed tnremeve materal framethie-surface-oftheayafer and praduae)a uniformly flat
surface. PlL%smar,iza jon Involve olishing the (':,u\r]fa e of the wafer with aé)llc'ﬂishin pad. An abrasive
material RNY E6r7osive BRamiCHIAPE Addel td the Surface St tha Warar dbfiRg pafighindg “The combined
mechaniedl @ction bé the abrasivecand-coresives actiaa ohthesghemical resmaveslany Irregular topography,
resulting in ?tunifor I)éflatfsurface. y Bagk-eng.manufacturineq rgfers to cutting or singulating the
finished warer into the individual die and thén %acﬁacglrl\é]?hecafrépf%?lsf?u&hrﬁ%ﬂ%ﬁgr and environmental
isolation. ckensingetates theodieg fhreawafer ésl scored andilbroke b atongemor-funetionaltregions of the wafer
called saw streets or scribes, The wafer is singulated using a laser cutting tool or saw blade. After
singulation, the individgg'{ledisélazﬁ']ee mounted f%oea %%:el%%ﬁél ggbsﬁrsa%[g(%hgt |8%Iaqdé§qﬁ?n Ot cﬁlo%’tact pads for
interconnektion withvotheesystem cormponenterCorftactgads formedtoves the semicohduetoy die are then
connectedg.coptact pads within the package. The glectrical copngctions can be made,with solder
bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or other molding material is
deposited brastherqrakage @0 provide physiesl supportcandieleetrical BblativhnThe finished package is
then inseréed iglo:an elecliical gustemand thes ctionality of the seraicondydlor deyiee iy made available

to the other system components. IG. 1illustrates electronic device 50 having a chip carrier
substraterGFIRed efédiv bdarP(PTB) 52 WiRE plutality BF semfcontutior patRages meinted on its

surface. Elegtronicdeyice,30 may-bave ore type-gf-serpicendyctor, package, oL multiple types of
semiconductor packages, depending on the application. The different types of semiconductor packages

are showhSREI6 1 forpirpodes B ustratiin tterned 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



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, memaories, application specific integrated circuits (ASIC), logic circuits, analog circuits,
RF circuits) Hiserétbievicss, Brbtr Semiconductor die or electrical components. In FIG. 1, PCB
52 provides a general substrate donstrictural seppest and electrical nterconpest-of the semiconductor

packages mounted on the PCB. Conductive S|fgnal traces 54 are formed over a surface or within layers of

PCB 52 (5ifg Bvabdration, @ elt iyl prhtitg FefectrBiels Pisting? SeretstintihyS of Bthet SGitable metal

depositiopgafeeess Signal teaces Sdprevidedon elettricab sommuticationvhetweesreach of the

semiconductqr packages, mounted omponef%nts, and other exggiirjnal system comOPonent . Traces 54 also
% and.%

provide powe ‘alslthjdod}'c‘)un(LfIr Connd&tibis 1o eath ottha ssmicdfitiuctor packagss, h¥ome
embodiments; @ semiconductoo device hasdwe packagmguevels. Eisstlevel packagingds a teehnique for

mechani%aC!Q{iat?gselectf'cglI)éqg%%%hin% tge gemlicgndgcg)g ldie toaari gngegrm%cllligtcei%arri%%og;cond level
packaging involves mechanically and eléctricat y aﬁ?achlng the intermediate carrier to tie PCE. In other
embodimeats, lalsetmiconddi¢ctor devicguay: only haviedhe fidstuevel packaging weherethe eie iso
mechanicall aq(d electricglslx Ena ugt%qldirect@/ t9 tggSPCB. For. theT{S)urpa)%sse Efo iyustration, several

types of firs Iae\cleﬁgaeck%%mg, including %rel ond packfglen§6 and Cfllopnc%f%% , are shown on PCB 52.

Add_itionailyj:@es\mampeg ofhs@ddnid levekpackagimy immng@aﬂ rid &W@@_A}D@O,sbump chip
carrier (BLG) 62y dual in-line, package (DIR). 64, lapd arid array, (L GA),§6 Sopltizchip modylg (MCM) 68,

guad flat non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Dependirigrdpor tHerdystémeregairsments, ayconlisinatior of seaficsrluttorpackages, corfigured with

any combjnation g first and second level packaging styles. asyell.as other elecironig components, can

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

semiconduttersackageavhile biierenbadikiehts calffor dltipleSntéresndetst packageseBy
combining pne-efmere semicondugior packages yera single substrate, /manufagturersan incorporate
pre-made components into electronic devices and systems.

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 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



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.
FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a illustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 includes an active region containing analog or digital circuits
implemertetiRistactive device3SPASSIVE devicEs PoTtRERvE T ets AritfGielectric layers formed within the
die and afe elegtrically dntereonnesied-accordingdo the eleciricad designof the dig: Fosexample, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elementsTORTiBd Withid tHe-Active e fon or<amicsnd ddtar 8ié 74 Cohthcrpdds 78 -af8'omé or more
layers of ¢opdueitve materiad suchasaluminuwafAd )y coppes (Cd)i ndSny nieket (NG,1gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembeSF@@%E,tgémiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon
eutectic layer or adhesive material sueltas ihermal\epoxy of epoxy resin.sThe paekagefbady includes an
insulative packaging material such as polymer or.ceramic. Conductor lead and wire bonds 82
provide e?gcﬁﬁga;%frrfctlae%cosnurpe%?Egtﬁene(ﬁ set)air%fé%ﬁaﬁ&gr %ilrét‘?f an % 5%% E%n%cgpsulant 84 is deposited
over the packagefon ehviromaehtad protectiontley preventing PaGistur€ and particltes frogmeritering the
package and.contamingfing s, fd or it bands 82, oo o, I 2alstiates unes detajhof BOC 62
mounted on PCB 52. Semiconductor die 88 is mounted over carrier 90 usﬁg an underfill or epoxy-resin
adhesiveunateyiat 92 PWirethionds 4 providel first level packaging Interconhestsbatwetncontact pads 96
and 98. Molding compound,gr encapsulant 100;is deposited over semicopdugtor.die 83.and wire bonds
94 to provide physical support and electrical isolation for the device. Contact pads 102 are formed over a
surface of PCRB b2tushitpa shitasieanetde dépasitdis process suchrerelectidiyia plaging ©F electroless
plating toprevent-oxidatian. Contact pads, 102.aseelectrically,connected 19,906 ot marg gonductive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102
of PCB 52ther exfprrz ¢S $ehfiSbritRIeRst e 58 is mointed fack dowr teiermediaeGirrier 106
with a flip,chip ste first Jevel Packaging c Activesiegian 108 of semicandyetor dig, a8 coptains analog or
digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers

formed according to thé'el&&tfical Yeigh 8t Hie F Grdxample iherctift WM& Ineiide-dite or more
transistors, dioge s Industars capacitors; resistors, gnekathengirquit elements, within active region 108.
O e F e A e e O e TP 210
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. 1In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.
For the purpose of illustration, several types of
first level packaging, including wire bond package 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
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BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using bumps 112. Semiconductor die 58 is electrically connected to conductive signal traces 54 in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is

deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation

for the device. The flip chip semiconductor device provides a short electrical conduction path from the
active deQPEeE%%QBHH&&OPG@@@FOSCOWHIMW@%QS BhBCBE? iRBrEér R redtc8 signal

propagation-distanes, lowes capaeiance, and dmpreveseveral cirgyit penformance: i another
embodiment, the semiconductor die 58 can be mechanically and electricallﬁl connected directly to PCB 52
using flipThis 56/ first EVBPRAERKYMg GtRobEintethistidte Cahfer 106.°7©  TFIE8™Sa-3g lllustrate, in
relation tefitGa.ihand La-20,acprosess oflemnbeddiny huraps dermed everd semicondnetor die into a

penetrable adhesive layer to reduce die shifting during encapsulation, FIG. 3a shows a temporar
Cbstrate e FBF E50 CBnTATNG Shcr (041 Baca THBter B GOAt B8 Shiof gl ABMHeF smposite,

metal, cetamic; gtasse glass gpoxy sberylliunBoxidemariother suitable towrcost, sigid materiat farrstructural
support. Aapggetrable adhesive la er or talgg 1E2r2 is applied over garrier 120. gh%)enlgtrable adhesive

layer 122°an be Single of multi-layar polymer. SUCH 4s b-Staged clifablé efoxy resiy, resistant to heat

and mechparicalstressomponenirsFIG1t3b, séantconductorddie 124hasnan agtivesswrface 126 containing

analog o%digital circ itg Imglementgd as active oLevices, assliv%device%,.cotnducgv layers, and dielectric
T . : !
layers formed. blvftﬁln%ﬁe die rgﬁaoerfe&ﬁcglﬁl (htercornected %cgoredmsgo o the electrica design and function
of the dief For example, thie cirégit mayrihcludeohecor mare transistord, ditdess @ndsother circuit elements

formed W@Hg‘a%%ti}’ec%ﬂ?&ﬁe]r?@stoa'%'%mSEE%%?A?Q SUGUIES AL digital, cirguits, Sych as digitg] signal

processor (DSP), ASIC, memory, or other signal processing circuit. Semiconductor die 124 may also
contain IPBs diichnas fRIGERSTS, capraciterss ahdlvesistors, for RF sigAallsrecessivgnsive tan

electrically conductive layer 128 is formed aver agtiye sytface 426 using RVD, CVD, electrolytic plating,

electroless plating process, or other suitable metal deposition process. Conductive layer 128 can be one
or more layers of Al, CEILSA,- NF. A Ags o BiiferSlithbleYeléEffitayeordutiive dr&teeigs Conductive

layer 128-qperates as eontackpads elgctrically garngeted fo Hepcigcitg anactivesuriacs 126,

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 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
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An electrically conductive bump material is deposited over contact pads 128 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 contact pads 128 using a suitable attachment or bonding process. In one embodiment, the

bump matéridis réfidiied By Reatiny e Mmatstidt aBove itselting port s fstin SFttér&balls or bumps
130. In semeapphgations: bumps;k3Q are reflowed a seepnd-time da tmproveselgetsisali ginection to
contact pads 128. The bumps can also be compression bonded to contact pads 128.
SemicondU&br BiEC1 24 SREFOURR (T CarRerTse nith Sfordé Eppiield Yo BREK SUHALE 132 to cause
bumps 130 ia peretratednic-adhesiveslayert22 nie-foree Fris remeoved aftenactive surface 126 comes
into close proximit)r/Por touch&iﬁa ts?gnsurface of interface layer 122. FIG. 3c shows all semiconductor die

ith bu

124 moufited " Earierish 5 130 BMbRYARE intd penetrable adhesive layer 122. Bumps 130
may or may not contact tlee satfadel af.carrier 220.fThe penettiahle Aadhesivedayer2l 22-isrotsed to harden

the adhesive layer and securely hold bumps 130. . In FIG. 3d, an encapsulant or molding
compouti I oot e BUeT BTG 0158 A Al T g o Binting
compressive mpldimgytraasfer molding eliquid enecapsulaniraeldmeg, vacaumelantiiatioryy spa coating, or

other suilgble, apmlicalor, Encapsulant. 134.can be palymer composite material. sch s, gpoxy resin with
filler, epoxy acrylate with ﬁljfer, or polymer with proper filfer. %ncapsuﬁant 134 "is nonconductive and
environmepital iy protects tHedsemidoAductordeévice dronverternal elementsardicamaminénts s

With bumps 130 embedded into pensfahle adhesive layer, 122 andthe adfiesiyg layer gured o

semiconductor die 124 remain stationary during deposition of encapsulant 134. The embedded bumps
130 hold Bertidsrductordie 124t urely i place Lredteingtatralforvertical &hifieg of the die, while

encapsulaph134.s deposited and cured, If the glass transitiop femperature; (g of pepetrable adhesive
layer 122 is less than the Ig of encapsulant 134, then the adhesive layer can be cured Simultaneously with
theencaﬁ§ﬂ5ﬁ@le 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
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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 5Hdhetal 865Gsitidn prodess sueh dsrstiteringTeRctrotic Pl ahd efettrbléss plating.

Conductiye dayeird38 caiphe one 96 muredayess b whaCurSaNi Asta Agn ©r other syitable electrically

conductive material. One portion of conductive layer 138 is electrically connected to bumps 130 and

contact pAdB 428 51 SemicondiHdrGRAYAL Sthér Fortion Bf cGATUCHVE layet 138 E4PBe Lectrically

common i eleictricallyigelated dependirg-en the desigs andifunctian-otthe semiceaductondevice.

The build-up interconnect structure 136 further includes an insulatigl%;(sﬁr as%i%/ation layer 140 formed
of sili

between conductiveray &8 138 N EStaining She or MordT8yérs oni disxide (5102), silicon nitride
(Si3N4), sitieam oxynitridea(SIORY ctantalemarentoxide €14 2Q5), aluniauirhcaxide (Al203) o offser material
hqving siggla(r: gjnns LIlaéitnjt_goannclg_ﬁt{glléq(tgraclD r%ti%s%}]The insglgttin_g(l)ayeé &40 is forme({using PVD, CVD,

printing, spin coating, spray coating, sintering or ermal oxidation. §um%§913%l§rréaembedded within

insulatinglayer$4@.ion disinadFlG: 3g] anetectacallyiconduetive hdmprmaterial isvdeposited over
build-up i(r:I:tLerrgonr%ect Sfructure 136 and{%lectrié:gill)é conn c(;%d to c%nd%%ié/esl%elrclw using an
0 : i

[ , . d
evaporation, eilelctroijy%c p?é:tﬁlagr}%?ectr ess(‘jrzr)jlatmg,rba?Im rop,l or scréen printing préjc%s%.c e bump

mate_rial carebé Alcsn, K Aus Alga Pbe BL@u,asmﬂd@r; agd n@nﬁ)]ﬁa&imrthemm,d/vm anoptivnal flux
solution. £gr gxample. {ag hympymatesipl gag b quteqte sniER, piofklead spldey, gt lsadiftee solder. The

bump material is bonded to Conductive layer 138 using a suitable attachme onding process. In one
embodiment shadihyd materal isrefloWed by heating the material above its melting point to form

Sphencalbausorbun“%%%%ngéi%QPillustrate, 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 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
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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 over conductive layer 138. The Interconnect structure can also
use bond wires, stud bump, micro bump, or other electrical Interconnect. Semiconductor die 124
are singulated with saw blade or Laser cutting tool 144 into individual FO-WLCSP 146. FIG. 4
shows FEAWEESFS 146 after Sifgtfatioh2SemicBidtticir Uie 152 7s éleckricallf cohne &8 26 Build-up

Interconnget struetdres 136 anddumops 142 \With-humps, 136 emhesideddntorpenetrable; aghgsive layer
122, semiconductor die 124 remain securely in place during deposition of encapsulant 134. The
embeddet 5iimpE 188 Hbid SBMicatidtttdt tie 194 Serbrely iBacte, fabficingIateta%or Verfici shifting of
the die, while encapsylant 134 és-depasited and cured. The embedded bumps 130 also simplify the

| need to form wettable corrllt(?%t piads or vias.in the Interconnect

manufacturing process by el minating th
structure to expose the™ Borﬁjigtcﬁgds, A5 deschBEY - thebackyFu S LR LRGtHRY embodiment,

continuingdranr&1Gu3h asemicpaducton dierl2d arermpuaied-torearsien 2@ withianfprce F applied to back
surface 13% to ca;t};;e bumps 1C30 to eBenetrate into adi‘;ae%vﬁe nggr 151%21 In thl% crﬁlsgébum%s: l:L30 penetrate

adhesiveﬁa)?ecrtf fod d pﬁH that leaves active sSurface 126 disp aced from the top Burtace of penetrable

adhesivedayerck2?. by gapd48t asshowndn FIGS 5aaklGrsbhoskowes athsemidengeictoralie 24 mounted

to carrer 120 with bymps,1 30 mbegded intg pencirgble adhesive layer, 132, while caving gap 148
between acfive Strface 126 and the adhesive ayer. Bumps 130 may or may not contact the surface of
carrier 126 Teipenetrableddhégsive layey 422 ig Buraektodiarden the adhesite fey@s and securely hold

bumpSI%QEctrically connected to the circuits on active surface 126.

An electrically conductive bump material is deposited
over contact pads 128 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 128 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 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
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In FIG. Sc, an encapsulant or molding compound 150 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 150 fills gap 148 between
active surface 126 and penetrable adhesive layer 122. Encapsulant 150 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.

EncapsuRt$56 3Ch6n 20R8GHR aid 8RvifdmentaBrotécts the Befficalctot desRCE-f6i external

elementstand gentamiRays. carrieWithdmps 430 embaddgelintopenaliralie adhesive tayer 122 and
the adhesive layer cured, semiconductor die 124 remain stationary during deposition of encapsulant 150.

The embéddé&dbaMpsLITRAEehiCoid LS die 1o2Y$EcurdlY iF PRICES fedUting 1atataPsr vertical

shifting of #e.die, while encapsulant 150 is deposited and cured. If the Ig of penetrable adhesive layer
122 is less than the Ig of enca su%a t 150, then the adhesive layer, can be cured simultaneously with the
encapsulant. INEIG15d, t #}po?grye&crﬁgls fl%@ Bhd PenSirabie Sanedie Ay er fgg aré’ removed
by chemigaketshingd mechanicahpeel-eff; GMP, miechanicabgrinding rthermabldakes 11 light, laser
scanning, or \évet striPI[?angf.1 Encapsulant 150 rema'T .coveriﬁg ggg\f% surfatie 126 and to act as a stress

relief buf#je?%e?w en Semiconductor die 124 and bui %ﬂ?dln Ct Strt

erconnect sIPruc?ulrg(%L’SZ. JB%Lrlnlps 130 are
exposed fonzercapsutamdbing, vadmEG 15 ianbottom,side build-optntegcornmect stracture 152 is

formed oygrencapsulant 150, The buildoup, Inerconneqtsireture 152 inglydes an glectrically conductive
layer 154 forme usméjg patterning an meﬁf&eposﬂmn process such as spufttering, electrolytic plating,

an_d electr@les_g Fpl?aiings@(ahda@timgyefr et c';an_\bétdnefdrlrhe!te lagrers<of AICQulSne Ni A, Ag, or other
suitable electyically conquctive matgrial, Qg!}eog%@o@919899'“%’%%%@1%%@ elggtrically,connected to

bumps 130 and contact pads 128 of semiconductor die 124. Other portions of conductive layer 154 can
be electricayfseimmh encleeticaly iwotated Hependingortthetdssigreand fusbtiohof thie semtconductor

device. .., Jdhedwild;upintercannect structyre 152 further includes an insulating or passivation layer

156 formed between conductive layers 154 and containing one or more layers of 5i02, Si3N4, SiON,
Ta205, Al203, or other'f&teriBPRRng SimitariRs\dating Bhe shetriFadtdperRISTAE tnstaatfig layer

156 is formed YsingHMD GVDs priBting, sPin caliRg, Spray coAling. siterng of thermak gxidation.
Bumps 130 are partially embedded within insulating layer 156.
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. 1If 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

-15-



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 @<URAbIE Attt hinéidt o Bondity proceds HA briéSSiRBodinBht the Bitip Ast8ridids reflowed
by heatingdhe teaterigl, akovedts-mejtingpeintioifern spheriealdallsorduumps 358.4g some applications,
bumps 158 are reflowed a second time to improve electrical contact to conductive layer 154. The bumps
can also b8 EOWHré€Sion Honted 15 coAbultveIaFerrTs A Biimps 188 Fefrestnt ofié! type sf Interconnect
structurenhat gan, be.fgrmed overconductivalayee 154 e Hitercobpeetstriciencancalsa use bond
wires, stud bump, mjcro bump, or other electyical Intercgnnect. . Semjconductor die 124 are
singulated With SAw BAte or C288HEutinG toof 160 ir?t§§nd1\slid%$ﬁ§6¥\kﬁ_ 169"t 6 shows
FO-WLCBEiG2 after singulation.cSemjconductos dief 124 1isi eleattically eonrnected ta build-tpr
Interconneé:} gtrgctgre %52 arqg bcucm%% 1?861. \éVirth %npsa%B% emebleedggg .intacl)ﬁeneérantl)le adgesive layer
122, semiconductor die 124 rer%alnlsecureff/ in pjface gurlng 8eposmon 6Fenca%bsu?an?ﬁ%0. The
embeddedlburnps d301hold sefwcondudtgretiel 124 secuteheindglaceredudingdatetralwor veftical shifting of

the die, v%@g esnecrgpgglacrllltl%%g}s gg%qscitgd and cured. The embedded bumps 130 also simplify the

manufacturing processnby eliminating the need to form wettable contact pads or vias in the Interconnect
structure to expose coitaet pads 428 rasidésoribedinthie background. With dap-148 between

semicondygtar die 124, and penefrale adhegive layer 122, encapsulant;150.couers actie syrface 126 to

provide stress relief between the semiconductor die and build-up Interconnect structure. FIG. 7a
shows arfthéeiuarnbydimentsvith teatporaf) slistraie bnearies 170 coptanihgYsacHficial base material

such as silicon, pRlymes, PAYMeEs GomPosite; metal, ceramigeolass, glass epaxy; bepyllium oxide, or other

suitable low-cost, rigid material for structural support. An adhesive layer or tape 172 is applied over carrier
170. Adhesive iayerdry2(&diPbe singie bR Aiulti-Re/et pdhfter (SacPas b-stayed eurabh épéxy resin,
FEQSEMﬂQQEQQ@@Qd[ﬂ?CBQH@§|ﬂg%$%ial having similar insulating and

structural properties. The insulating layer 140 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. Bumps 130 are embedded within insulating
layer 140.

In FIG. 3g, an electrically conductive bump material
is deposited over build-up interconnect structure 136 and
electrically connected to conductive layer 138 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 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
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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 can operate as alignment marks, avoiding the need for precision bonding
equipment. The depth of slots 173 is substantially equal to, or slightly greater or less than, the height of
bumps 180, and the width of slots 173 are substantially equal to or slightly less than a width of bumps

180, to fGtRPa tGRTBORE betB-Ithe BurpS ahG SdRBSVe Tayist A2 An'diitional pAREMER paste or glue

175 can be depesitediinte slots-173 fordatten adhesiondo Humpss180, mssshawp i k& 2 so In
FIG. 7c, semiconductor die 174 has an active surface 176 containin3q analog or digital circuits

implemented S ECVE Hevit 20 paSSive debicBe "Condittive Yayerd, hd diBlEBRET: IAyérs formed within the
die and efegitiealyrinteseennegted aecardingrodhea efectdealdesigneanch nctian abéherdiemEor example,
the circuit may include one or more tra sjj(%tors, %ode,s, and other circuittelements formed within active
surface 191%91%/ implsHENt aitalog t\éﬁguiﬂs rdigital irtlits "SRR D SPEASIE U hentah, Br-Sther signal
processingseiréuih Semicerduciandieitdomay adsacantai, |PRs, subk asdnduaters; eapacitors, and
resistors,.forceRch%i%nal rocessing. An electrically conductive layer 178 is formed over active
surface 126 using %, VD, electrolytic plating, electroless plating process, or other suitable metal
deposition process. Caieluctiverthyetr d78¢an be2dne oe more dayiers of Al iCU, SmwWNibAadAgpor other

suitable ellg%téicallcy{l%%nldnuctig% giat% l. E:Ig)ndugti\éfel I\gyg{l %¥8§8§@8§§slcggtact pads electrically
connected 1o the GiTcuits on active surface E% n electrically conductive bump material is deposited
over contact pads 1781Usihg dn evaporalionéleétrolytic pkatingrelectroless fplating, ball drop, or screen

printing peagass, The Qume matenal capbe.pl S, NiAd, AgBRETGU,Solder aRd gombinations

thereof, with an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lebgfrsenssidéer. Theustirp $natéfakis bonded 2o téAtact Pads 178rusihgla Suitable attachment

or bonding progess: In,one emhadimant the burap material is reflowed by, heafing the material above its

melting point to form spherical balls or bumps 180. In some applications, bumps 180 are reflowed a

second tiffettor IO Ve efstiical CohRe GO cbhtadtDaUsPIrs: Therbps Barafksblse Eompression

bonded tg gontactpads1¥8dded bumgiGenductardie d74argaligned anddmaqunied do.camrigr 170 with
a force F applied to back surface 181 to cause bumps 180 to penetrate into slots 173 of adhesive layer
122. in 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
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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,
compres&ifé madingCtrahsfer AoidingSliqid ehtapsiiantiolding Y actim-artinai Bt ¢Gating, or
other suiteble-applicatars Epgapsulant 184 eam bempolynerearposite,material, suchasepoxy resin with
filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 184 is nonconductive and
environmentall Reitts the semiconductor device from external elements and contaminants.
With bumps 180 embedded im0 aglhesive layerabaland the-adhesive tayet esnkaslsemicanduetor die 174
remain st(gtionar, dléqingqg%e osition of (?F{wca sulant 184, The efr]pbedded burg%srqmo hold semiconductor
, t |

die 174 sechrly irpla dtichigREraIOrVerficat shiting'Bf the’die \while eRcapstidnt®184 is
depositegp andcuped.dtthedg of pepetrablevadhesivel layer 172 issless thar thienlg,of engapsulant 184,

then the adké%si\ée lyer can Pg.cured 35@%'&%‘ uI%I. vgiit_q(t)k}le egcalpr;suclz%ng in Ollp I(:)I% 7f, temporary

carrier 170'and ad esweIPayer]lD/%’are remove 6E)y crhemlcal’etcﬁing, mecFan%él peel-otf ,ecﬁ\/IP

mechanical griading, therinat bake,. UVHighgdaserastanhing, 0i Wes strgping! Bumps'480 are exposed

from contac Qads 178. 1 FIG, 7 %ott ni-side %uild.-L\pr i terconnectstructure 186 is formed
ac% Tyga e 2@ nd&§%§§ ;é% adhesive §16ﬁ1 %

over active surface’ of semiconduct and encapsulant e build-up interconnect
structurei8&qncludes anldléctriealyoconuttive fayernB8Sfometasitngia pattennidy asd aretatdeposition

process sych;as gputiering, electrolytic plating, and,eleciqless: 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
conductier layeir 188 isl electrically eppndcted td bimbs 180and contatt pads$ 278 of semiconductor die

L74. Other-parfions,oheanductive dayerd 86 ean e glectically.commay ot ledigalyiedatesdepending
on the design and function of the semiconductor device.
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
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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 5i02, Si3N4, SiON, Ta205, Al203, 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 BYEFBGREGH InteFOMNERE Strdctdre 166 BAE Bl&tiSAy Tonhedtett o Corduttive fayer 188
using an exaperation, eleetrolytic platinga elestroless platingx ball€lrep, ersssean punting pracess. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional
flux solutiBAC Fof BxSMple; She BmpShatera? t4h be Ute&id 8n/PH high- A $ui§er or lead-free solder.
The bump raatengl.is hondedde cosduetiverlayerl183 tsing asuitabte attashmentersbeding process. In
one embodimesnt, the bump material is refltﬁved b§ heL%‘Ei %th material @Pe?ve its meltin goint to form
spherical BHlls St buivips 192. 1h%ons afpiitations, th E 192 %Hr& Tefidived a S¥eoHE imeto Improve
electricalncontact 40 conduetivedayerci8& fThedoudmps can also/ke comprassien bonded ta egnductive
layer 188. Bum cscié%z repr sent orieﬁypgno Interc;conntect sté%ct%eStth can be forrggg over onductive

C n u S con C a Sem.L co or le .
layer 188. TheTnterConnect structure can also use bond ]anres, stud bump, micro bump, or other electrical

Interconnezt. OtheSemiconducter die Tohdressingalated with Sadv bladelor Lasertutting 109l 193 into

individual FO-TILCSPs. . 1n ?Tother em aodiment, continuing fr m FIG, 7d, an encapsulant or
molding (:Coor%ni)ngl?n(f 194 JfSe (E:-—'E):olscftaed over Ss%m?%oerédu% e |g 174 agn% %arﬁe%ﬁd %ginagnz:lél paste printing,
compreséive aialdimge fransfer asoldingnliqudd @ncdpsulast-molding, vacuum lamination, spin coating, or

other suitable applicatqrhgsgggw(@_iﬂlgIgnggrlé%%s&argg%&q&ge polymer composite material, such

as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
includes an insulating or passivation layer 156 formed between

conductive layers 154 and containing one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1203, 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
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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 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 EnEapstiart 182° T hé Buill U inteteimed shitkfifre 196 incliB&s AH 8ty Cotductive
layer 198formegpisingsa patteatiog and énelahdepasition pepgess sueh asspuiiering.selectrolytic plating,
and electroless plating. Conductive layer 198 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable IEEFEART CormdlictivéTafial Orier F6HBHA Of cOhductivelayé o8 K8leQricaRf Esithected to
bumps 18 and €ontact pads 17§vaf:sentieandunier dietladc &thercporiens ot cerduciive dayer 198 can
be electrically common or electrica%y jsolated dﬁgend'n‘gﬁﬁnn the desé?él and function of the semiconductor
device. "S€ P& BUHGSHy interd nk@&ps‘trdg 89 deilRthePincilidds arrinStlating bt passivation layer
200 formed thetweem eanductive layers 198 and containing one or more layers of 5i02, Si3N4, SiON,

Ta205, Al203, or other material having similar insulating and structural properties. The jnsulating layer
200 is formed using P fnéglﬁr,l%%%ﬁ%& r;apllr? cg%l%ngafrs%rasyl Egéjt?nagt,%?ﬁtgrglr% or %%r%%fé{j%daﬁon.
In FIG. 8dzar electrivally conduadtivechiump tmatendlis idépasited oweCbiildiap interconnect structure 196

and electrically connegled,to gondyctive layer 19808189 ae o 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 manufacturing process by eliminating
the need to form 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.
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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 198 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 28217 sbie SpplRERBAEIUMAPS 262 EFe teffowed ASEBEHd tithe to Improve

electrical contact v@ congustivelayer 19& dineriwnaps ean alstbe cempression bended ta-conductive
layer 198. Bumps 202 represent one type of Interconnect structure that can be formed over conductive

layer 198" FheliRfercontiett Stridtir Can sy s Bond Rird52§l8BUm S, imier8BEMp: Or other electrical

Interconnestmed on Sesmcenduitortdie 1ddcare Bingidated with:sawdlade eslasesculting el 204 into

individual FO-TILCSPs. FIG. 9 shows an embodiment, co tinuin%f ogPFIG. 4, with, arlﬁlurality of
f

dummy bUb PTG frmetovit SEhUs 3trfids 156. BURMY BImMps218°ae forthel 2t the®s&ie time as
bumps 130 andpenetrateadhesive fatyer d22ras déscribedsinFIG. 3b. $he dntercornmect/structure 136 is

formed overudlim{irgl bump%§10§gfh that thg dummyPéJgnspsCtlaqre emgggd%%wi icn iniggtin layer 140.

e a or rea r r al.,, . . 1 ©) ump s .
Dummy bu%ps 210’ havé no eldctricl connection 6 the Sircuits Withir active sdrtace orto conductive

layer 1381 dut provide:additionialrmechanical dntevlock strengthsietween seyniconductarcdierd 24 and

build-up Inferconnect structure 1I§6a WidthFI . %or% gw;gﬂlerggo%ignr%t, cgn.tirﬁjjtngog%@ FIG. 4, with
6.

n h
: Nt T _
a pIuralltfofl\?las Jf(\)/rmeedgtsnroug Interconnect structure 1 he vias are filled W Al, Cu, or another

material With wisigh théméb@opdu@mﬂtyadﬁgmﬂﬁerﬂxﬂl’lylpoha@etiveqviggmmBahasammmctrically
connected to.conductive,layer, 138 for powey supply and signal tansmission. Ihermpally conductive vias

212 are metallurgically connected to bumps 142b to provide a thermal dissipation path to conduct heat
away fromESesricondliictoPdieri24l 80, as §FGwL1 ShoWwsG@n éfbodiment, continuing from FIG. 10, with

a heat sink or heat spreader214 mounted to hyild-up Interconnest;structure 136 and connected to

thermally conductive vias 212. PCB 216 is mounted to heat sink 214 and bumps 142. The combination of
thermallySéohicRiefve Vias 217 hieht Sitk 212, afAd PCE 296 fitdvidé BCthefrhal diBsipaadn patri® conduct

heat away frony semicanductor dig 124. Anaptional thegmal,lntsriace matsrial (TIM) 218 can be formed
on one or both surfaces of heat sink 212. TIM 218 can be aluminum oxide, zinc oxide, boron nitride, or

pulverized SiVEE FIM2 1 e In fre BREHbUtbh Ehd-dissiPaforf Bfh&atyenetartyy semiconductor die

124. 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
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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 buildup Interconnect structure 152. RDL 222 is electrically

connectedietwesh hintpP 86 and bunipd P58 SVaPoTREL 84 shph T 8hbbdfment, continuing from

FIG. 4, with semigonducterdie Z24haying anactive surfage g26 sentairiag analoger digital circuits

Implemented as active devices, passive devices, conductive layers, and dielectric layers formed within

the die aRd fetirically THEréSHMR R &Ecttding 8 the eféjctricél] deSigh dHl fuh@tion 8f te'die. For

exampledhe cicuiargy inchideans aamone iransistoss,rjiodes, ranghothpet ciseuit elements formed within

active surfaﬁse 226 to implement analog circuits or digital circuitsaL, such 3s DSP, ASIC, mem/)rg, or other
[chip

signal processing Qrcuit. SenicShtucter did 224 Ry Bfto-coritain i PDsC Such! 58 Tiduetors! EXpacitors,
and resistdrghfer & signabprocessing cAphiratity of contact pats 228usformeaceverlactive surface 226
and electrr)iczralll onr(ljecctz%crl1 (0] tge CirCéJitS Qgthgsaictive surfgc .a% P(Ieurg@t%/ é)&%)u(gn S %::}O are formed over
contact pa%ls%%%. 3nficonductor die 5212? iS mounted To Bufrg‘-up ifterconnect structure 136 by electrically
connectingpbdripg 230tosconductive layer 28804 disonéte passiveunractivescomnponent can also be
moumedggpyg%%@i%%”%%E%%%%”%%%"%%%érial above its melting point to form

spherical balls or bumps 180. In some applications, bumps 180

are reflowed a second time to improve electrical connection to

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

contact pads 178.

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.
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
method of making a semiconductor device, comprising: providing a temporary carrier; forming a
penetrable adhesive layer over the temgorary carrier; providing a first semiconductor die having a

plurality of bumps formfeddver dtitfaceoftRe First e mitdmd fidrdeve laver 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
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, Al203, or other material having similar
insulating and structural properties. The insulating layer 190

is formed using PVD, CVD, printing, spin coating, spray coating,
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mounting the first semiconductor die to the temporary carrier by embedding the bumps into the penetrable
adhesive Layer; depositing an encapsulant over the first semiconductor die, wherein the bumps
embedded into the penetrable adhesive layer reduce shifting of the first semiconductor die while
depositing the encapsulant; removing the temporary carrier and penetrable adhesive Layer; and
forming an interconnect structure over the semiconductor die, the interconnect structure being electrically

connectet 48 thé bumps & e mbtiBa-6FdANT 1, fURHRP ichiting Embatidftli' e Blirhps th the

interconnget structure; 3alke-meshad of claim 1, further including providing a gap between the surface of
the first semiconductor die and interconnect structure.

In FIG. 7h, an electrically conductive bump material
is deposited over build-up interconnect structure 186 and
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.
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4. The method of claim 1, further including forming a dummy bump over the surface of the first
semiconductor die, the dummy bump being embedded into the interconnect structure. 5. The method of
claim 1, further including: forming a thermally conductive bump over the surface of the first
semiconductor die; and mounting a heat sink to the interconnect structure, the heat sink being
thermally connected to the thermally conductive bump. 6. The method of claim 1, further including

mounting*a SBESH &8micbnductor Ui oF EGMPEhenttoH Surfate 6B AtefcorheRt SirGéthife opposite
the first semicenrguctordiact A nethed of making asemisanductardpvices c@mprising: providing a

carrier; forming an adhesive layer over the carrier;
contaminants.

In FIG. 8b, temporary carrier 170 is removed by
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
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, Al1203, 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
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providing a first semiconductor die having a plurality of bumps formed over a surface of the first
semiconductor die; mounting the first semiconductor die to the carrier by embedding the bumps into
the adhesive layer; depositing an encapsulant over the first semiconductor die; removing the carrier; and
forming an interconnect structure over the semiconductor die. 8. The method of claim 7, wherein the

bumps embedded into the adhesive layer reduce shifting of the first semiconductor die whlle depositing
theenca&ﬁﬂQﬁFatlon’ electrolytic plating, electroless plating, bal

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 198 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 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
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9. The method of claim 7, further including forming a plurality of slots in the adhesive layer. 10. The
method of claim 7, further including providing a gap between the surface of the first semiconductor die
and interconnect structure. 11. The method of claim 7, further including retaining the adhesive layer after
removing the carrier. 12. The method of claim 7, further including forming a redistribution layer over the
encapsulant. 13. The method of claim 7, further includi%% mounting a second semiconductor die or

componéht ' a 'SUFfaEe bf B tsronnéet dtructrebppositd tHe-first SBMEONtURIOFH e 242The
method of glaim 7,avherginea fitst oneiafihe pusmshkasadarger ewsssectionaliareatharsg second one

of the burfnglg. 15. A method of making a semiconductor device, comgrising: ,
power supply and Signal transmission. Thermally conductive
vias 212 are metallurgically connected to bumps 142b to provide
a thermal dissipation path to conduct heat away from
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 vias 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 212. 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
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providing a first semiconductor die having a plurality of bumps formed over a surface of the first
semiconductor die; embedding the bumps of the first semiconductor die into an adhesive layer;
depositing an encapsulant over the first semiconductor die; and forming an interconnect structure over the
semiconductor die.

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
226 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor 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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16. The method of claim 15, further including: providing a carrier; forming the adhesive layer over the
carrier; and removing the carrier after depositing the encapsulant. 17. The method of claim 15, further
including forming a plurality of slots in the adhesive layer. 18. The method of claim 15, further including:
forming a thermally conductive bump over the surface of the first semiconductor die; and

Claims

What is claimed:

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

providing a temporary carrier;

forming a penetrable adhesive layer over the temporary
carrier;

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

mounting the first semiconductor die to the temporary
carrier by embedding the bumps into the penetrable adhesive
layer;

depositing an encapsulant over the first semiconductor die,
wherein the bumps embedded into the penetrable adhesive layer
reduce shifting of the first semiconductor die while depositing
the encapsulant;

removing the temporary carrier and penetrable adhesive
layer; and

forming an interconnect structure over the semiconductor
die, the interconnect structure being electrically connected to

the bumps.

2. The method of claim 1, further including embedding the

bumps in the interconnect structure.
3. The method of claim 1, further including providing a gap

between the surface of the first semiconductor die and

interconnect structure.
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mounting a heat sink to the interconnect structure, the heat sink being thermally connected to the
thermally conductive bump. 19. The method of claim 15, further including a second semiconductor die or
component mounted to a surface of the interconnect structure opposite the first semiconductor die. 20.
The method of claim 15, further including forming a redistribution layer over the encapsulant. 21. A
semiconductor device, comprising: an adhesive layer; a first semiconductor die having a plurality of

bumps fofmed Ve? S dHihé firstRemmicitucdisidie MheWtimgs beig dfibéddetdiiito the
adhesivedaygy, anencapsulant-depasited aves the fikst sepicasiugtrtdie; die, the dummy

bump being embedded into the interconnect structure.

5. The method of claim 1, further including:

forming a thermally conductive bump over the surface of the
first semiconductor die; and

mounting a heat sink to the interconnect structure, the
heat sink being thermally connected to the thermally conductive

bump.

6. The method of claim 1, further including mounting a second
semiconductor die or component to a surface of the interconnect

structure opposite the first semiconductor die.

7. A method of making a semiconductor device, comprising:
providing a carrier;
forming an adhesive layer over the carrier;
providing a first semiconductor die having a plurality of
bumps formed over a surface of the first semiconductor die;
mounting the first semiconductor die to the carrier by
embedding the bumps into the adhesive layer;
depositing an encapsulant over the first semiconductor die;
removing the carrier; and
forming an interconnect structure over the semiconductor

die.
8. The method of claim 7, wherein the bumps embedded into the

adhesive layer reduce shifting of the first semiconductor die

while depositing the encapsulant.
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and an interconnect structure formed over the semiconductor die. 22. The semiconductor device of claim
21, further including: a thermally conductive bump formed over the surface of the first semiconductor die;
and a heat sink mounted to the interconnect structure, the heat sink being thermally connected to the
thermally conductive bump. 23. The semiconductor device of claim 21, further including a redistribution

layer formed over the encapsulant. , , ,
The method of claim 7, further including forming a

plurality of slots in the adhesive layer.

10. The method of claim 7, further including providing a gap
between the surface of the first semiconductor die and

interconnect structure.

11. The method of claim 7, further including retaining the

adhesive layer after removing the carrier.

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

redistribution layer over the encapsulant.

13. The method of claim 7, further including mounting a second
semiconductor die or component to a surface of the interconnect

structure opposite the first semiconductor die.

14. The method of claim 7, wherein a first one of the bumps has

a larger cross-sectional area than a second one of the bumps.

15. A method of making a semiconductor device, comprising:
providing a first semiconductor die having a plurality of
bumps formed over a surface of the first semiconductor die;
embedding the bumps of the first semiconductor die into an
adhesive layer;
depositing an encapsulant over the first semiconductor die;
and
forming an interconnect structure over the semiconductor

die.
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24. The semiconductor device of claim 21, wherein the adhesive layer includes a plurality of slots. 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.

16. The method of claim 15, further including:
providing a carrier;
forming the adhesive layer over the carrier; and

removing the carrier after depositing the encapsulant.

17. The method of claim 15, further including forming a

plurality of slots in the adhesive layer.

18. The method of claim 15, further including:

forming a thermally conductive bump over the surface of the
first semiconductor die; and

mounting a heat sink to the interconnect structure, the
heat sink being thermally connected to the thermally conductive

bump.

19. The method of claim 15, further including a second
semiconductor die or component mounted to a surface of the

interconnect structure opposite the first semiconductor die.

20. The method of claim 15, further including forming a

redistribution layer over the encapsulant.

21. A semiconductor device, comprising:

an adhesive layer;

a first semiconductor die having a plurality of bumps
formed over a surface of the first semiconductor die, the bumps
being embedded into the adhesive layer;

an encapsulant deposited over the first semiconductor die;
and

an interconnect structure formed over the semiconductor

die.
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22. The semiconductor device of claim 21, further including:

a thermally conductive bump formed over the surface of the
first semiconductor die; and

a heat sink mounted to the interconnect structure, the heat

sink being thermally connected to the thermally conductive bump.

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

redistribution layer formed over the encapsulant.

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

layer includes a plurality of slots.

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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