SEMICONDUCTOR DEVICE AND METHOD OF FORMING ADHESIVE MATERIAL OVER
SEMICONDUCTOR DIE AND CARRIER 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 forming an adhesive material over a semiconductor
die and carrier to reduce die shifting during encapsulation and handling. Background of the Invention

SEMICONDUCTOR DEVICE AND METHOD OF FORMING ADHESIVE MATERIAL
OVER SEMICONDUCTOR DIE AND CARRIER 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 forming an adhesive material over a
semiconductor die and carrier to reduce die shifting during

encapsulation and handling.

Background of the Invention

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

coupled devices (CCDs), solar cells, and digital micro-mirror



Semiconductor devices are commonly found in modern electronic products. Semiconductor devices vary
in the number and density of electrical components. Discrete semiconductor devices generally contain
one type of electrical component, e.g., light emitting diode (LED), small signal transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of electrical components. Examples of
integrate&%‘éﬁﬁ@o%d evices include microcontrollers, microprocessors, charged-coupled devices

(CCDs), solar cells, andgigitad maigro-Birale devices(PMRSIn a widSenueepdugtor devices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electromagifetic'$igitals “EShtfoilint Skt troRit Yevites anSrbPRingPSiiflightto &bttty Sand creating
visual prajeetiofnsifot television displays:iSemiconductondeviees aresfopmnallin the fieldscf entertainment,
communications, power convyersion, networks, computers, and consumer products, Semiconductor
devices arealsd fotnd iR Aifitary appicatioh8  AVidtior ‘Hitdm ﬁvet,qnﬁgsetﬁglrclo%t%ﬂérs?%#d office
equipmentceat i ng Semicendyctorjdevidesexploit theeelectricabpropestiesagfssemiconductor materials.
The atongcé strg%trlljre 0 gemi gndggtgr gq:%ter#'%l allé)ws itsEh%Igc@cgh%%ndufti(\e/irt% tor?% nglz?nnigglated by the
application of an e%%ﬁlc field ‘of basé current or' rodgnh e pro%:ess of aoping. Boplnb infroddces
impurities o thel sermiconductor weatenaltoemanipulate ahd coktrol thengondectvityaofthe semiconductor
device. onsuA semicggglé%tor de&ice cogtaéﬁsc %%tévedand ggssive ele?rical structures. Active

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

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

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

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

Semiconductor devices are generally manufactured using



structures, including resistors, capacitors, and inductors, create a relationship between voltage and
current necessary to perform a variety of electrical functions. The passive and active structures are
electrically connected to form circuits, which enable the semiconductor device to perform high-speed
calculations and other useful functions. Semiconductor devices are generally manufactured using two
complex manufacturing processes, i.e., front-end manufacturing, and back-end manufacturing, each

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

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

structuraksuppost-and epvirarimeantal isplationy The terma "semicbaduycior died asfused herein refers to
both the singular and plural form of the words, and acco dintgly, can refer to both a s'rLlque semiconductor
device and MuTiBIE %é)ﬁﬁgon %?orr devitas! Semic O(gugcoacf of é%icloshdh%%r?ﬁ&li facturing is to
produce smalerisemicanducton devices.cSmaller-deicesntypicajly €basimedass power, have higher
performance, and can be produced g]ore efficiently. In addition, smaller semigonductor devices have a
smaller fOCOOtBI’I%'[(,: Which i desirable for Sfafler en %nggﬁlc%. A smaller Semiconductor die size can be
achievedranmiprovements inrthie front-endpyodessiresulting in sémidongrciaratielwithcsmalier, higher

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

Ina fan-cﬂnwa_femeaél chipseale @abﬂ(age\_(EGWLr@@I@)%h si@nibehd@ctor diehis cbﬁ_lmonly_mounted toa
temporary cayier, Al encapsulant isdeposited,over the semicondygtor dis,ang cauigr, fypically by mold

injection. The carrier is removed to expose the semiconductor die, and a build-up interconnect structure is
formed ovacdthelexppsed semicdnduttorvords, and accordingly, can refer to both

a single semiconductor device and multiple semiconductor
devices.

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
die with smaller, higher density active and passive components.
Back—-end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical
interconnection and packaging materials.

In a fan-out wafer level chip scale package (Fo-
WLCSP), a semiconductor die is commonly mounted to a temporary
carrier. An encapsulant is deposited over the semiconductor die
and carrier, typically by mold injection. The carrier is
removed to expose the semiconductor die, and a build-up

interconnect structure is formed over the exposed semiconductor



die. The semiconductor die is known to vertically and laterally shift during encapsulation,
particularly during mold injection, which can cause misalignment of the build-up interconnect structure.
One technique of securing the semiconductor die to the carrier to reduce die shifting involves forming
wettable pads over the carrier and securing the semiconductor die to the wettable pads with bumps. The
formation of wettable pads typically involves photolithography, etching, and plating, which are time
consumiﬁjglﬁnd costly manufacturing processes. The wettable pads and bumps increase interconnect

resistance between thersemicondustoreie and buddup interspAneet structurea Supnrmary of the Invention
A need exists to reduce die shifting during encapsulation and handling. Accordingly, in one_.embodiment,

the preserft IVehtion i 3 mé&thdd of Paking aeicondittoPdevics Complidingthe Stef¥df providing a

carrier, maoundiag isoplurality ehsemiconduster diesto1thgroastier, depesiinganlatthgsive material over the
semiconductor die and carrier to secure the semjconductor die to the carrier, degositing an encapsulant

over the S&hfconalefT dic® 5hd Chier, remoVing te EAaF ahd fBRfHg A7 int8feonnect structure over
the semicenductardlie and encapsulant d hezadhiesiver material ceduties sitifting of the semicenductor die
with respgct to.the carrier ‘%'1”6 de%ositi%the %ncagsulant. g In another rﬂbodiment, the present
invention is a method o rﬁaklﬁg%asesmf%onaugto(rede\%]éé %:%anarlrélngst%%us%ﬁlg 0 p%viding a carrier,

mountingsasenxcuhductor die to the carderdepabitingraadadheasive matersal oveéhthe semiconductor die

and carrier, (g, seculg the- semicondctr die o e carrr, deposiing an sncapsuiant overihs,
semiconductor die and carrier, removi gt e carner, anda torming an interconnect structure over the
semiconductoridie andrehgapstfamy, which are time consuming and costly

manufacturing processes. The wettable pads and bumps increase
interconnect resistance between the semiconductor die and build-

up interconnect structure.
Summary of the Invention

A need exists to reduce die shifting during
encapsulation and handling. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of providing a carrier, mounting a
plurality of semiconductor die to the carrier, depositing an
adhesive material over the semiconductor die and carrier to
secure the semiconductor die to the carrier, depositing an
encapsulant over the semiconductor die and carrier, removing the
carrier, and forming an interconnect structure over the
semiconductor die and encapsulant. The adhesive material
reduces shifting of the semiconductor die with respect to the
carrier while depositing the encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of

providing a carrier, mounting a semiconductor die to the



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a carrier, mounting a semiconductor die to the carrier, depositing an adhesive
material over the semiconductor die and carrier, and depositing an encapsulant over the semiconductor
die and carrier. The adhesive material reduces shifting of the semiconductor die with respect to the carrier
while depositing the encapsulant. In another embodiment, the present invention is a

semicondifctor dévicé'amptising SemRONBRCIoT diaRd adhesSiVE matBRarESht&cHY theCr

semiconduciorgie. Anencapsklantiscleposited oyemnthessenicepductoedieandearsigr AR interconnect
structure is formed over the semiconductor die and encapsulant. Brief Description of the Drawings

FIG. 1 illGStrtES b BB Wit aiffieRTt iyPds SFpHckhiss AUt B4t 8aridde 279 FIGs. 2a-2¢
illustrate further gletailebibe represestativersemiconductanpackagesmauiied do the: PEB; FIGs.
3a-3cillusirate a semiconductqr wafer with aplurality gf, semiconductor die, separated by a saw street;

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting a semiconductor die to the
carrier, depositing an adhesive material over the semiconductor
die and carrier, and depositing an encapsulant over the
semiconductor die and carrier. The adhesive material reduces
shifting of the semiconductor die with respect to the carrier
while depositing the encapsulant.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and adhesive
material contacting the semiconductor die. An encapsulant is
deposited over the semiconductor die and carrier. An

interconnect structure is formed over the semiconductor die and

encapsulant.
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-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by a saw street;

FIGs. 4a-4k illustrate a process of forming an
adhesive material over a semiconductor die and carrier to reduce

die shifting during encapsulation and handling;



FIGs. 4a-4k illustrate a process of forming an adhesive material over a semiconductor die and carrier to
reduce die shifting during encapsulation and handling; FIG. 5 illustrates the adhesive material
deposited over the semiconductor die to reduce die shifting during encapsulation and handling;

FIGs. 6a-6e illustrate another process of forming an adhesive material over a semiconductor die and
carrier to reduce die shifting during encapsulation and handling; and FIG. 7 illustrates the

semiconductor die with & Buildup intérebhAGESstiltturR Ty RtnB3EMovad adRBSvE Thsterial. Detailed

Descriptigr of thenBrawings onduct dheqaresent inventian igdessribed imene @F maye embodiments in
the following description with reference_to the figures, in which like numerals represent the same or

similar el8ReHS White He MUEN GG &'de efibed in terms of the best mode for achieving the invention's
objectives, it will be appreciated Hyabosea skied it thesard thatit isdntesaded ¢a cavemalieinatives,
modificatiOéﬁ and equivalents as may be included within_the spijrit and scope of the invention as defined

by the app BBA FRaiflia T th ir SiUivatents A5 SUppaited by the falidwing discidsur8 and dtatings.

die shifting during encapsulation and handling; and
FIG. 7 illustrates the semiconductor die with a build-
up interconnect structure filling in the removed adhesive

material.
Detailed Description of the Drawings

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

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

control the flow of electrical current. Passive electrical



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of
electrical CURRME Passive dieltrRal EAMPERENTSSsuch 48 eapacitors SRAGCRFS redigfdrs, and

transformersnereatend relationship between veltagesang curenirecessary-toerfarmeelectical circuit
functions. Passive and active components are formed over the surface of the semiconductor

wafer by REEHREDFProCedtHERS theflding Gopmy, d&pssition, PHYSIREGraphy, etching, and
planarization. Doping inrtieduces igpuriiies irte thespaneondiictoranateriakby teehniques such as ion
implantation %r therm?I diﬂ‘usion. The dé;pintg process m%()jifies the e,Iectric%I conductivity of semiconductor
material R ACtivE Uevice's! fraRSTBHmitY the ‘semilendictor mateifal iitS aninSuiZfor SSorduetdr, or
dynamicallycchatging thersemicondyuctior materjal goadudtivity i responsedo @mnielgetrierfield or base
current. Trflg%iggp.rg go%ariln regd%nsl gf v%?(i?rllgogegg an(il Igeggeecsigfsd%%rt]% a rﬁgged as necessary to
enable tHe trANSIStor to promote Ot Testrict the tfow of elecirical current upon thé application of the electric
field or basen¢umentuctor maActve ahdpassiveloomponentsiare fosmedrbyilapérsndgfanateniatscwith
different electrical pr ties. The layers can be formed by a variety of deposition-techniques determined
i part by e S of Bt Biing oo Pay BEaore A oo g Lo myoNe Enemical
vapor depeositiors (CV D) ypsicet napondepositionm@R¢d ) ®lectiolyictplagnglcandoelectroless plating
processes, EAch layer is,oeneraly patiemegdpdprm podiansiof agiive sompanents, passive components,

or electrical connections between components. e layers can be patterned using
photolithegraghy,bwhich drvehves tecadepasitiohpaidight sehsitive miaterial L6 fgo phiotsesist lover the layer

to be patterned; A pattern istransierred from,a photorask tothe photoresist ysing light Jp.one

embodiment, the portion of the photoresist pattern subjected to light is removed using a solvent, exposing
portions Gfthe Lntepyinglayértebe pattehed O arfstierémbbmteri thedssHi6R of tHe photoresist

pattern ngtsubjgcted:tg light; the negativesphotoresistyisemavied using, a soivent.exposingRtions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a

patternedPlayef AlterRativel? soh'typesoftrateriarare Yatehted By ireefy epdsitiig tematerial

into the areas gevaids fermed by ajprevious gepositiopleteh process using technigues such as electroless

and electrolytic plating. .
Active and passive components are formed by layers of

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

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light. In

one embodiment, the portion of the photoresist pattern subjected



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 waferr@uringpélishing: SFHEVEShBiRel TéchHhicdt ktiofs HP tHe Q6 a8Re it orrdsivé ction of the
chemicalugmoves any imegelar tapogeaphys fesultiag in a wndamplydlat stiaeement, tBrck-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die fd? StruftaCduppott AP ENifohTentBREbRTEBN PS5 sguias thé sEfidorduttordié, the wafer is
scored and hraken-alpag hendenetignal segiens ot thenwates called sawrsireetscppsarites. The wafer is
singulated using a laser cutting togl or saw blade. After singulation, the individual semiconductor die are
mountedtts & padkage subifath thaE ERHs WINE br Santact BAGK o TrconhReiam WA Ger system
componentfs.tCentatipadssfotmed over theosemicohducton diecateithencopaectedriocontact pads within
the pack%%ec. The %Iectrifal connectigns canb mage vv.ithlsolder bum@% stud (E)u ngd condté(‘ltive paste,
or wirebonds%\ﬁ"jen%:}gu%sBflémtS or gthey%eoﬁdiﬂg material'is dsep%gﬁeg over t]ﬂréepac gejtg %(r:owc\fe physical
support ateleledtricabisolationaThe finished package srthen Inserted hto anmwetectrical system and the
functionality of the semiconductor device is made available to the other system compgnents. FIG.
T lotraes Slodtonie SBuIca Eb houitg 3 s Sarfer SbStiate G LA SreLi bord (PCB) 52 with a
plurality eflsepticodductoepackages tmounted ondtsasurface. Electronic device 50 can have one type of
semiconductor packaggeggg}%t%%tyiaeg,holf@eﬂi%p%Lgtg{ap&aeq}ggfsb@%[}e%n%9@ étgqggplication. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronip devieers0cean b& acstand-adoridisystamahavases thetdericondyctor packagestoperform one
or more glgctrigalfupctans. Allerpatively, electionic.device 59 ganbe 2 subcompopentofalarger system.
For example, electronic device 50 can be part of a cellular phone, personal digital assistant (PDA), digital
video caRERSIIFCRI6r biker elBetrdiviE LoftRGNiEAti P a&vice 2AItETatively, EleéPdnie device 50 can be
a graphics gard efwork Inteface garg, o gthes signal precessing card-fhatcanbe Insetediinto a
computer. The semiconductor package can Include microprocessors, memories, application specific
integratedtfrc it (RSIE) Clogid GirdiAtS Sana10g CREQIRS! IF 2irtditst efidetetedevicesibf dfffer

semiconduciorgie 01 elestrical omponents. Miniaturizationandweight reductiop are esgential for these
products {9 be accepted by the maret. The distance betyeen semiconducor devioes myst
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the semiconductor die, the wafer is
scored and broken along non-functional regions of the wafer
called saw streets or scribes. The wafer is singulated using a
laser cutting tool or saw blade. After singulation, the

individual semiconductor die are mounted to a package substrate

that includes pins or contact pads for interconnection with



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

traces 54 provide for electrical communication between each of the semiconductor packages, mounted
components ndathEFExterTal SYsteh? componeatst TPAcks 54 5REDrovVigE pdwer and ground

connectiensitoceach efttbe semicenductorpackagascted toNEame embogimentsy aisemisenductor
device has two packaging levels. First level packaging is a technique for mechanically and electrically

attachingth&'&&#ficonditiordig 15 ahGRtermedits caiist. §8Bokf IR falkaging Midkes mechanically
and electricallysattachiag henpptcrmediatecartier todbe S CBAmathebembediments, a semiconductor
device may onl h%ve the first level packg ing where the cye is mechanically and electrically mounted
directly t(?ﬁ?eagé ant or ik plivp (gé iflistation, severditypés of tirsievel pdckaging, including
bond wire pakkage 56 apddhipchip HByarecshovupp RCEB 524 Additionally; several typeisoof.second level

packaging, includin Pg%” grid array (BGA) 60, bump chip carrier (BCC) 62, dyal in-line package (DIP) 64,
and o iy (L . R e b O £ oAt TAE TorenGes PLBRase (IR 38, and quad
flat packaged7 2 hareShowni mwoahtedyorm PCB162 sbepernding apon the system requireéments, any
combinat(jjq]naofl%%nﬂiecogdu%tgé packages, cgr%fégnurgg r}]/vitgnae%combination of first and second level
packaging stfﬂes, as well as other electronic componel?lts, can be connected to PCB 52. In some
embodiments, electronic@evite 50lincltides assinglectronic device 50 having a chip

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

Electronic device 50 can be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 can
be a subcomponent of a larger system. For example, electronic
device 50 can be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. Miniaturization and
weight reduction are essential for these products to be accepted

by the market. The distance between semiconductor devices must



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

to manufR&ureE FERAR RN IoWE LO%EIor tBRSIMRRES 1LY - FIGs. 2a-2¢ show exemplary

semiconductor packages. Fifg 2al/lustrates futherdetal of DR S4pounted AN-BEB 52 :Semiconductor
die 74 includes an active region containing analog or digital circuits Implemented as active devices,
passive dEvVicks! BoAdudRRHAYers2Afid Tietedtiic fayers Forifed Within the Hie fid are electrically
Interconnested-aecnrdingrtoghe eleatrical sesighcofdhe thie: Farexampledheciredit €agrinalude one or
more transistors, diodes, ind#.Jctors, capacitors, resistors, and Oth%%%miit elements forme%githin the

re

active redibR ot Semicotductsrdie 74°Eohtatt pRtS ¥6%ardondd RYeFof Condutive material,

such as alaminumAk)coppen (Cw)l dnt{Sn), nickel (NB tgoeld (Ad),crtsilvers(@g) pand areyelectrically

connected Cto ég% circgi}1 gllerrlnents for(gnt dewitgig. er%ifgngnlé%%rldigeudS[)lu%ri.ngrrassreérclzblg of DIP 64,
semiconductor die™74'is mourited to an intermediate carrier 78 using a go d-3ilicbn eutectic layer or

adhesivedmagtezial suctras thetmat epoxy of epoxyl resin. Iidvel packagerbodytihcludes amaasulative

packaging m terigl $! ch as 1[:[%olé(mec{ ortceramic. Conductor Ieadcs 0 an bon(? v¥ires 82 grovide electrical
Interconnect befween semiconductor die 74 %ﬁalﬁaéﬁ%z Illzl?llégpseu ant 84 1s gpo%itea%ver the package

for envirorimertakprotettioh ypreventimgimoisture andpaticles frona énteripgiie gpackage and
conuumngﬂgg5§guggqugmﬁég%fgégl§gmggg%s§g.the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including bond wire package 56 and
flipchip 58, are shown on PCB 52. Additionally, several types
of second level packaging, including ball grid array (BGA) 60,
bump chip carrier (BCC) 62, dual in-line package (DIP) 64, land
grid array (LGA) 66, multi-chip module (MCM) 68, quad flat non-
leaded package (QFN) 70, and quad flat package 72, are shown
mounted on PCB 52. Depending upon the system requirements, any
combination of semiconductor packages, configured with any
combination of first and second level packaging styles, as well
as other electronic components, can be connected to PCB 52. 1In

some embodiments, electronic device 50 includes a single

-10-



FIG. 2b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Bond wires 94 provide first level
packaging Interconnect between contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide physical support and electrical
isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal

depositiof PrecESTs IS REHBIVIE pRatrtfciale¥idiéss pidting t6préveitoxidationl Eohtdict pads
102 are eleatricplicannesiedtnene ermeie eepductivessigraliacesng i0rRCB:5ZBunps 104 are
formed between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c,
semicondiittdrdie B thodited 1ES dBWiTo intermigdiate® Gatrier 166 it Aipehip Sietirst level
packagingaActive-tegienr 108 ob semicansustorche S8tcontains asalograraigital ¢irctits knplemented as
active devices, passive devices, conductive layers, and dielectric layers formed according to the electrical
design of the did For S&RPIES th%hc?rcﬁﬁ%hﬁéi/ﬁgfﬂag%ﬂep& S tansiStorS Hiodes, Inductors,
capacitorspresistars; anddthliemcircuitrelaments withintactive cegion L08s Semicanrductor die 58 is
electricalﬁ{ andfmeghanigalllly connecﬁgga to carrier 106 thrtough bumps 1‘1‘10. 1 O1BGA 60 is electrically
and mec é’ilrglltlslaI‘filccélnrneectedg to BCB 52 With ac%fi\oé%?/fé Second 16vél p%%ﬁggihaeusing bumps 112.
Semiconduactof dieth8 isngleciricalyssonnebted teecoriduictive $igniat traces 64 lie PCB SR<hrough bumps
110, sigr(lfgliqes 114,land bum#g% 112. A negldin cc%rgg%und or enc %s.ulant 116 iij]jevgé)]%ited over

e

semiconductor &8%8 and carrier 106 to provi{:?e ﬁhysmalfuéﬁpﬁgr%%n ‘electrical Jsolation for the device.

The flipcHipsenvicendigster-device provides a short electrical conduction path from the active devices on

semiconductor die 58 tpcondustion tracks,on BCR, 32 prderioagduse. signalgrapagation distance,

lower capacitance, and improve overall circuit performance. In another embodiment, the semiconductor
die 58 canlse mézhanitay aad efeciticdlyconfetredldirdctly) 16 PCB B2 wisirgflipehipStyle dirst level

packagingwithoyt interpedigie.carkies 106,405 anFIG-133,8hQus,a semigonduciorwaier 120 with a

base substrate material 122, such as silicon, germanium, gallium arsenide, indium phosphide, or silicon
carbide, fof sttigtufal'supporu AtslurdliBL 6 sEhiieBnddctdFEVGr CBp6TReNts R24 53 Fstmed on wafer 120

separated by:a-nan-active;interdlie wafer.area or sav; stieet 126 as described above. Sawstreet 126
provides cuttlng areas to singulate semiconductor wafer 120 into individual semiconductor die 124.
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit can
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active

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

over the package for environmental protection by preventing
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FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and active surface 130 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other circuit elements formed within active
surface T3048 imbferAdnt &g etEitsTordigRAGreuits, duth R2GiRISiGRSl processor (DSP), ASIC,
memory, @5 9therisignal processing eiscuit: Semicenducterdipsk24 may alsaeontain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one
embodiment, semiconddctor die 1248 S ipERip type bBGitedetatl "RA eggcqriéaaly‘%lf'faﬁﬁﬁve layer 132
is formedcever@gtive surfaee 130rusing BY Di {&/ 3 seleetralytic: pkadings-electraless glating process, or
other suitable metal depgsition_process. Conductive layer. 132 can be one or more layers of Al, Cu, Sn,
Ni, Au, A GPGTRP SURSHIE elecirically BoPEich e ataiil>Condudiive Tay & 137 operatdtias contact
pads electtically connected toetheicireuits oncctive susface d 30n Contact pads 182twandie disposed
side-by-side %firsct distggc gognngleg dge %fog_eﬁiconductor die 124, as shownuif FIG. 6)0 Aitgrnatively,

contact p%%g 32 cdn be offsetin ml Iple rows such that'a ﬂ}lsr%(%ov?/fof%%ﬁ?a%% paaé1 1|:s isposed a first

distance flfepvthetedyecokthe ey ianchd secomd dow 0f ontadt pads!altenmating vithatherfisstirdw is
disposed %secondldigtancgj_jq:om trée ggge of the (iieisolatiln FItG. S%Iiem& q]n.ductor wafer 120 is
[ 0

singulate]a tﬁrsolu%% saw Street 196 using acé:e{:v& blade or laser coun[tinéj tool 134 into individual

semicc_)ndimu@radie ]I_Zaflds 10_2 aFﬁGédmnﬂ_ld [lfustrate, i_ﬁmeié&@ﬁ t_@FI(‘E@.Bl aad I_Zain_g_aaprocgss of
depositing, an aghesiye material over a semiconductar dig and carder o reduce die shifting during

encapsulation and handling. In FIG. 4a, a temporary substrate or carrier 140 Contains sacrifiCial base
material Sucreas siticon, qrotymén thierglitm axice’ortotherislitabienlow-EostEAgid matésial fot structural

support. Andntetface Jayer of double:sided dape 14245 iprmpchover GagierdAfasaemporary adnesive
n

bonding film or etch-stop layer. FIG. 4b, semiconductor die 124 from FIGS. 3a-3c are
positionedove? and ‘MmaéuntBdRo earrierEMaRFitH 8étive surfada e30 ARdEoRbucetagér P32 eriented

toward thegcagrers ddGg 4¢ shQws semicenductar digl24empuntedlto Interface layer 142

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flipchip 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 can include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is

deposited over semiconductor die 58 and carrier 106 to provide
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and carrier 140 as a reconstituted semiconductor wafer 143. In FIG. 4d, a non-conductive
adhesive material 144 is deposited over the semiconductor die 124 and interface layer 142 using
dispenser 146. Adhesive material 144 is deposited over a side surface of semiconductor die 124 down to
the base of the semiconductor die and across a surface of interface layer 142. Adhesive material 144 can
be an epoxy resin containing butadiene-acrylonitrile rubber with a carboxyl group as a fluxing agent, acid

anhydrid®RUARG age At RN duriMgcacet i afot CSditalie £pbxy feding indhtfle e resin'dfbisphenol-A,
epoxy resin of bisphesehk cepexy-resin akphenol peyolakeepexysiesinothisphena AD, epoxy resin of
biphenyl, epoxy resin of naphthalene, alicyclic epoxy resin, epoxy resin of glycidyl ester, epoxy resin of
glycidyl anmiie ReEratbyRid Bpdky st pbxl ré&in 6 GidifF sGiforis BhdB8%y resinbhydroquinone.
In particutar, adhesive materialalkddsisapplied at focations of a contactdniedfase hebneen the
semiconductor die 124 ar'gf, interface Iaﬁr 142. FIG. 4e shows a top.view of adhesive ma?ﬁ[erial 144

C

deposited bV8AHR Cothe s ot sahficond THSF dis S Wher the EhficoRBIGSFdid Cohtacts interface
layer 142c FiGudftshaws atop niew. of adhesive materiald48ideposited loverstheisidesiobsemiconductor

die 124 v%ere e semiconductar die contacts interface layer 142. FIG. 4g shows a.top view of adhesive
el L e S R T s o e et

contacts fnteface yenid2gTHe intetiace kyel 842 itself mayvredt haveksufficigntwodriding strength to

hold semilcrgj{\ductoﬁﬁfiec%Zéé%gzilrerg:er %lg.during encapsulation and handling. A sufficient quantity of

adhesive matenal 144 is deposited over a side surface of semiconductor die 124 down to the base of the
semiconductor die andfddfessS a top surfaee ofinterfackilayer 142 feprodide additiopaldsoneling strength

between sgmiconductor die 124 and;iptertagelayer 142 and garrier 140, Adhesive matgrjal 144 is cured.

In FIG. 4h, an encapsulant or molding compound 152 is deposited over semiconductor die 124, carrier
140, and aidhesivéanateridl 144 pBingca paste printing L éompressivelmelding transferahslding, liquid
encapsulgnbmolding, vaqyu lRmingtion: solncoating, of Gihey suitable-applisalox Engapsulant 152 can
be polymer composite material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer with
proper fille?rPRcapBulait A2 is AbnsorritetivslaRd ehviteameatallyprotetisSheSemitendictor device

from exterpal-elgments,and caatamingnissAdhesive matedal la4 holdg semicenduciorgdie 124 securely
in place over carrier 140 to reduce die shifting during encapsulation and handlin In FIG. 4i,

carrier 1407 aid fRErface fayer 122 376 réoved By Jcﬁ%ﬁic%%%&ﬂﬁ&,%é@ﬁaﬁiézgl%e}i%& EMP
mechanica| gringdings theymal bakedYdightslasersscanning, or wet stripping to expose active surface

130, adhesive material 144, and encapsulant 152. . . .

FIG. 3b shows a cross-sectional view of a portion of
semiconductor wafer 120. Each semiconductor die 124 has a back
surface 128 and active surface 130 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive

devices (IPDs), such as inductors, capacitors, and resistors,

for RF signal processing. In one embodiment, semiconductor die
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In FIG. 4j, a bottom-side build-up interconnect structure 154 is formed over active surface 130 of
semiconductor die 124, adhesive material 144, and encapsulant 152. The buildup interconnect structure
154 includes an electrically conductive layer 156 formed using a patterning and metal deposition process
such as sputtering, electrolytic plating, and electroless plating. Conductive layer 156 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In particular, conductive
layer 156%AgIubEs %eﬁﬂdaﬁ’ﬁh&%o?i%ﬁta%éiﬁti%ﬁs for electrical Interconnect. One portion of conductive

layer 156 is electricallyrgorsnestad-to-condiictive tayer 132. Otherportions ef gendustivelayer 156 can be
electrically common or electrically isolated d(\—:'{pendin on the design and function of semiconductor die

124, 2CEHRR BRGNS MtereBnHE sructdte 1585 urthtF fichuides arfindbiitihg or passivation layer
158 formed etaund asd betweameonductive dayers 156Her elegtricabiselationa Thednsidatinglayer 158
contains one or more layers of silicon dioxidegéog, silicon nitride éSIBI;Ii%, ilicon oxynitride (SION),
tantalum PeRtOXide (1a208), Simitum oXide (Al203)7Br Sther Wathialls 'négi}ﬁ%ﬁﬁi stlulﬁt g and
structuratpropertiesN T hednsulating layen1h8is tonmedhising PYE, £S\H 1 prynting, $pintdoating, spray

coating, %gtceélpgaolr therén%lé)x' ation. f\aé)y%rgoqg)glnosulatmg layer 158 |strgg]coved an etching process

through a photoresist Iayéjr not sﬁéfv(\e/n) to’expose con%%gﬁveercéy%? 158" PRAG. 4k, an electrically

conductivel bunpimatetial iscdeposited over bbid-up tateiconnect sirtidture $54 dadelécifically connected

to the expased conductive Jayer 156 using;an evapgration, electrolytic plating, electroless plating, ball
drop, or éec?gztr? (E)Qﬁn w?éjf [S)ro?é/ss.c ‘?F?el%ﬁrr?%lr%%?esréa cgrl]%% IE,/S%, ﬁ“e A?u, AgﬁDJEb,dBlls,eC@u,cs%lder, and
combinatfonstthereofeditk apfoptionatfiuxisoltition. FEer eXafple stheltamp hmat&hél .caibe eutectic

Sn/Pb, high-lead solder, or leadfree solder, The bump maerial is bonded tq conductive Jayer 156 using a

suitable attachment or bonding process. In one embodiment, the bump material is reflowed by heating the
material &hyove it afeltihgtpaiattoformdialls Ot buripLe6E. |h somiesapplcdtions uihps 160 are

reflowed a;seconddime fo,Improve electrical qontact fo canductive Jayer 156, Bumps. 160 can also be

compression bonded to conductive layer 156. Bumps 160 represent one type of Interconnect structure
that can Bé fornied-6veradohdtictive fayer 56 1T IntéftonReistRIGR cans&lsé3e stud bump, micro

bump, or ptherelectricablntercenpecte of the die.

In FIG. 3c, semiconductor wafer 120 is singulated
through saw street 126 using a saw blade or laser cutting tool
134 into individual semiconductor die 124.

FIGs. 4a-4k illustrate, in relation to FIGs. 1 and 2a-
2c, a process of depositing an adhesive material over a
semiconductor die and carrier to reduce die shifting during
encapsulation and handling. In FIG. 4a, a temporary substrate
or carrier 140 contains sacrificial base material such as
silicon, polymer, beryllium oxide, or other suitable low-cost,
rigid material for structural support. An interface layer or
double-sided tape 142 is formed over carrier 140 as a temporary
adhesive bonding film or etch-stop layer.

In FIG. 4b, semiconductor die 124 from FIGs. 3a-3c are
positioned over and mounted to carrier 140 with active surface
130 and conductive layer 132 oriented toward the carrier. FIG.

4c shows semiconductor die 124 mounted to interface layer 142
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Semiconductor die 124 are singulated through the encapsulant 152 and build-up interconnect structure
154 with saw blade or laser cutting tool 162 into individual Fo-WLCSP 164. FIG. 5 shows Fo-WLCSP 164
after singulation. Semiconductor die 124 is electrically connected to build-up Interconnect structure 154
and bumps 160. The non-conductive adhesive material 144 securely holds semiconductor die in place to

reduce die shifting during encapsulation and handling. Adhesive layer 144 remains during formation of
build-up fErcEARECtStrutiite B4 T ECONFIGE 4Be IMTstEE AH TeRTioN 36 FIGS “F and 2a-2c,

another process of depasitingzan adhesive satedalareund a semisonductar diertoseduae; diesshifting
during encapsulation and handling. Continuing from FIG. 4c, a non-conductive adhesive material 170 is

deposited 8VE° it ondGttor e £54 ARATMRMRERE 14T 142U disPERSEALR, H5¥sHowr'ih FIG. 6a.
Adhesiveamaterial 1£04% depositedl. overahsigde wuriage ©f semiconductordhe d24 dewntedthe base of the
semiconductor die and across a surface of Interface laye %3% Adhesive material 170_can be an
Lltra.violGT{LR/) Fele nREBIecB. St SO LT TNt hiReRe ratehsl 76 ak be dbplied at
locationsdithe cantact hterdidee betwveernrthe semieanducter die 124tand interfdce/layen 242, similar to
FIGs. 4e-A4(95(;I'Q§VIgterfa,ggrl@éelr ]1434itseallfnmg¥ né)}l hav% }s{uﬁi{;ieni rtl)o(rggirrll s.trneln th to hold semiconductor
die 124 to carrier 140mc‘iaur|ng encapsulacfion and hancﬁi%g. A sufficient quan%%y of adhesive material 170 is
depositedoveda side-surfacecofisemitenduttoredievli2dhdewi tor thexlyaseyotthie sesnieonductor die and

across afgrface of mten?fce Iaayle({ 1§§ 0 provide additional b ing stren th between semiconductor die

{ n
124 and mtélr%c%gla?/gre Y47 and carriel T40- Ad e(sjll\lljélr%gte?i%%f 0is (:ureg}lrlng In FIG. 6b, an

encap_sulant:@rlﬁﬂo&ﬁ@g cpm‘b@mhduﬂﬂ_ is_ld@pmsir@ﬁcbw s*emibt_)ddu@tppdife I%mrm 140, and
adnesive,patefla) 110 ysing, A pasterningcamprsssiye mplding, Jransferyplding, fauid gncapsulant

molding, vacuum lamination, spin coating, or other suitable applicator."Encapsulant 174 can be polymer
compositeqratesial, seehag epokyresih Wills fillnepoXyPacryaes withsfitler, sripdhirmeewith proper filler.

Encapsulagt, 174 is. non-conductive and environmentally protegts.the semiconductor device from external

elements and contaminants. Adhesive material 170 holds semiconductor die 124 securely in place over

carrier 140°toredaé8 e SHiftig dARFEncapsimation shdfdstiihgamine, heterocyclic

epoxy resin, epoxy resin of diallyl sulfone, and epoxy resin of
hydroguinone.

In particular, adhesive material 144 is applied at
locations of a contact interface between the semiconductor die
124 and interface layer 142. FIG. 4e shows a top view of
adhesive material 144 deposited over the corners of
semiconductor die 124 where the semiconductor die contacts
interface layer 142. FIG. 4f shows a top view of adhesive
material 148 deposited over the sides of semiconductor die 124
where the semiconductor die contacts interface layer 142. FIG.
4g shows a top view of adhesive material 150 deposited around a
perimeter of semiconductor die 124 where the semiconductor die
contacts interface layer 142. The interface layer 142 itself
may not have sufficient bonding strength to hold semiconductor
die 124 to carrier 140 during encapsulation and handling. A
sufficient quantity of adhesive material 144 is deposited over a

side surface of semiconductor die 124 down to the base of the
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In FIG. 6¢, carrier 140 and interface layer 142 are removed by chemical etching, mechanical peeling,
CMP, mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose active
surface 130 and encapsulant 152. Adhesive material 170 is also removed by exposure to UV, wet etching
process, or application of heat, leaving cavities 175 in encapsulant 174. In FIG. 6d, a bottom-side
build-up interconnect structure 176 is formed over active surface 130 of semiconductor die 124 and

encapsul3ft't P2 FHEbaTd-tp tnteREOrPeELSFuGuie®L76 Ichithed & efechrically c6nddetive layer 178
formed using a pattersingiand metalidepositionRroeess sUehas sputienng electrolicplatrg and
electroless, plating. Conductive layer 178 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable Sl&ctritaly EONdUCHvE MatERar Y Bartittrar 286hdifttive Hyet 178 inGI0AES vERical and
horizontah pedionsifon electricatlntergonnect. One portion of conductive layer 178 is electrically connected

to conductive layer 132. Other portjons of conductive layer 178 can be electrically co or electrically
isolated depending on the géggn d fﬁﬁct%h%%?é?%%%Edﬁgto?lai]e%f@ Compg%h{gg%-ﬁﬁ
Interconngéep steticttite &v6 furtkerinelndes anrnsulating oy, passivatan layer, 180 foraidearouad and
between co duct%ﬁq@rs 178 for electri%%l isolatiqcn. The insulatin% Ia%/er 1801c ntains one or more
layers of 51 %,ré ) IOW,LP&O%,%?E ) &?%Jtﬁlerlr%gfer%?ﬁg\gi%g Simitarinsa éﬂﬁg and structural
properties r Eine insulatimgdayer, 180 isdfdorimed aspguR ¥ DT OMD, qorindingyspinwoating,ispray coating,

sintering or ther[:noal E»l(idation. Th 'nsulatinggg%eirel%o filhs.in (;Cavities 175 left bl}/ remo?égf ag%esive

material 170 to reduce thé chance of delamination between semiconductor tie fzafgn uild-up

Interconnieet structuee 176MAR poktich okinsulating |ayer!188ds e@mvyed by an etchingiprodess through a
pho“”eS§£EQ$r5%?§%§%%“%¥%§“¥%f¥@¥}7§r polymer with proper filler.
Encapsulant 152 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Adhesive material 144 holds semiconductor die 124
securely in place over carrier 140 to reduce die shifting during
encapsulation and handling.

In FIG. 4i, carrier 140 and interface layer 142 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose active surface 130, adhesive material 144,
and encapsulant 152.

In FIG. 47, a bottom-side build-up interconnect
structure 154 is formed over active surface 130 of semiconductor
die 124, adhesive material 144, and encapsulant 152. The build-
up interconnect structure 154 includes an electrically
conductive layer 156 formed using a patterning and metal
deposition process such as sputtering, electrolytic plating, and
electroless plating. Conductive layer 156 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In particular, conductive layer 156

includes vertical and horizontal portions for electrical
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In FIG. 6e, an electrically conductive bump material is deposited over build-up Interconnect structure 176
and electrically connected to the exposed conductive layer 178 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb,
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 178 0<iRg aXtitable attdtHmEM dr Bohdiy Froeess inthelémboditméhtthe bump material is
reflowed by heating dhe materialabove itsameltingpeintie fouy dalls opbumpsls?. yp semerapplications,
bumps 182 are reflowed a second time to Improve electrical contact to conductive layer 178. Bumps 182
can also B& COM5TRSESiON Hohdéa o toRdGéivelaysr £78- Bufips 185 PEBI2ReRt one type of interconnect
structure dhatgani be fargnedsover condaeteanlayar 1 68. theinjercopnectrsiructurecanals@ use stud
bump, micro bump, or other electrical interconnect. Semiconductor die 124 are singulated
through the'ehca %Sﬁf}ﬁ;éﬁd Jb ild-up interconnect structure 176 with saw blade or laser cutting tool
184 into individual Fo-WHh€ 3R 186 -kl . iH shaws FoaWt CSR 186 after singulkationhSemiconductor die

124 is electri %Iy connected tolbuclld-u interconnect tructurtlle 176 aré%tgurpé)s 18?2ﬁiTh8 nog-conductlve

adhesive material 170 rsleélﬂlrst’aﬁly Rolds Semicdrductor die in' p ace1o redice die's ﬁé dlferlng

encapsulation laadvaadlingrAdiesives|layery £ 76 i femdved aftercencapsllation landipnior to Torming
build-up interc?nnect structure ].17 While one aor more emlbodim nts fthei present invention
have beeﬁﬁ&st?a%& h gg%é?l::the%kilfeodn g'r%:égrsl Wi gpgfeci%jté ?hatar%géi%cgtfgnsslamf 88aptations to
those embodimelsts aybe made withoutdgparting fronsihe) scopelafthe present invieltion as set forth in

thefmkwﬂ@qgﬁﬂmstantalum pentoxide (Ta205), aluminum oxide (A1203), or
other material having similar insulating and structural
properties. The insulating layer 158 is formed using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 158 is removed by an
etching process through a photoresist layer (not shown) to
expose conductive layer 156.

In FIG. 4k, an electrically conductive bump material
is deposited over build-up interconnect structure 154 and
electrically connected to the exposed conductive layer 156 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 156 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form balls or bumps 160. In some applications,
bumps 160 are reflowed a second time to improve electrical

contact to conductive layer 156. Bumps 160 can also be
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a carrier;
mounting a plurality of semiconductor die to the carrier; depositing an adhesive material over a portion
of the semiconductor die and carrier to secure the semiconductor die to the carrier; depositing an
encapsulant over the semiconductor die and carrier, wherein the adhesive material reduces shifting of the

semiconductor die with respect to the carrier during encapsulation;
compression bonded to conductive layer 156. Bumps 160 represent

one type of interconnect structure that can be formed over
conductive layer 156. The interconnect structure can also use
stud bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated through the
encapsulant 152 and build-up interconnect structure 154 with saw
blade or laser cutting tool 162 into individual Fo-WLCSP 164.
FIG. 5 shows Fo-WLCSP 164 after singulation. Semiconductor die
124 is electrically connected to build-up interconnect structure
154 and bumps 160. The non-conductive adhesive material 144
securely holds semiconductor die in place to reduce die shifting
during encapsulation and handling. Adhesive layer 144 remains
during formation of build-up interconnect structure 154.

FIGs. 6a-6e illustrate, in relation to FIGs. 1 and 2a-
2c, another process of depositing an adhesive material around a
semiconductor die to reduce die shifting during encapsulation
and handling. Continuing from FIG. 4c, a non-conductive
adhesive material 170 is deposited over semiconductor die 124
and interface layer 142 using dispenser 172, as shown in FIG.
6ba. Adhesive material 170 is deposited over a side surface of
semiconductor die 124 down to the base of the semiconductor die
and across a surface of interface layer 142. Adhesive material
170 can be an ultra-violet (UV) releasable B-stage polymer. In
particular, adhesive material 170 can be applied at locations of
the contact interface between the semiconductor die 124 and
interface layer 142, similar to FIGs. 4e-4g. The interface
layer 142 itself may not have sufficient bonding strength to
hold semiconductor die 124 to carrier 140 during encapsulation
and handling. A sufficient quantity of adhesive material 170 is
deposited over a side surface of semiconductor die 124 down to

the base of the semiconductor die and across a surface of
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removing the carrier; and forming an interconnect structure over the semiconductor die and
encapsulant. 2. The method of claim 1, further including removing the adhesive material. 3. The method
of claim 1, further including depositing the adhesive material over a side of the semiconductor die and
over a surface of the carrier. 4. The method of claim 1, further including depositing the adhesive material

over a corner of the semiconductor die. 5. The method of claim 1, further including deposmng the
adhesive MafFiaR6Ger@ ¥R of the SBnficohttiforafie.i tional bonding strength

between semiconductor die 124 and interface layer 142 and
carrier 140. Adhesive material 170 is cured.

In FIG. 6b, an encapsulant or molding compound 174 is
deposited over semiconductor die 124, carrier 140, and adhesive
material 170 using a paste printing, compressive molding,
transfer molding, liguid encapsulant molding, vacuum lamination,
spin coating, or other suitable applicator. FEncapsulant 174 can
be polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 174 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants. Adhesive material 170 holds semiconductor die 124
securely in place over carrier 140 to reduce die shifting during
encapsulation and handling.

In FIG. 6¢c, carrier 140 and interface layer 142 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose active surface 130 and encapsulant 152.
Adhesive material 170 is also removed by exposure to UV, wet
etching process, or application of heat, leaving cavities 175 in
encapsulant 174.

In FIG. 6d, a bottom-side build-up interconnect
structure 176 is formed over active surface 130 of semiconductor
die 124 and encapsulant 174. The build-up interconnect
structure 176 includes an electrically conductive layer 178
formed using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 178 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.

In particular, conductive layer 178 includes vertical and
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6. The method of claim 1, further including depositing the adhesive material around a perimeter of the
semiconductor die. 7. A method of making a semiconductor device, comprising: providing a carrier;
mounting a semiconductor die to the carrier; depositing an adhesive material over a portion of the
semiconductor die and carrier to secure the semiconductor die to the carrier; depositing an

encapsulant over the semiconductor die and carrier; , |
horizontal portions for electrical interconnect. One portion of

conductive layer 178 is electrically connected to conductive
layer 132. Other portions of conductive layer 178 can be
electrically common or electrically isolated depending on the
design and function of semiconductor die 124.

The build-up interconnect structure 176 further
includes an insulating or passivation layer 180 formed around
and between conductive layers 178 for electrical isolation. The
insulating layer 180 contains one or more layers of Si02, Si3N4,
SiON, Ta205, Al203, or other material having similar insulating
and structural properties. The insulating layer 180 is formed
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. The insulating layer 180 fills in
cavities 175 left by removal of adhesive material 170 to reduce
the chance of delamination between semiconductor die 124 and
build-up interconnect structure 176. A portion of insulating
layer 180 is removed by an etching process through a photoresist
layer to expose conductive layer 178.

In FIG. 6e, an electrically conductive bump material
is deposited over build-up interconnect structure 176 and
electrically connected to the exposed conductive layer 178 using
an evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,
with an optional flux solution. For example, the bump material
can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 178 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form balls or bumps 182. In some applications,

bumps 182 are reflowed a second time to improve electrical
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removing the carrier; and forming an interconnect structure over the semiconductor die and
encapsulant. 8. The method of claim 7, wherein the adhesive material reduces shifting of the
semiconductor die with respect to the carrier during encapsulation. 9. The method of claim 7, further
including removing the adhesive material. 10. The method of claim 7, further including depositing the
adhesive material over a side of the semiconductor die and over a surface of the carrier. 11. The method

of claim EIUHREHINERIAFRY deEdstiify tHevadhesie mateliat dvera cofterdiiRe S8miconductor die.

compression bonded to conductive layer 178. Bumps 182 represent
one type of interconnect structure that can be formed over
conductive layer 178. The interconnect structure can also use
stud bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated through the
encapsulant 174 and build-up interconnect structure 176 with saw
blade or laser cutting tool 184 into individual Fo-WLCSP 186.
FIG. 7 shows Fo-WLCSP 186 after singulation. Semiconductor die
124 is electrically connected to build-up interconnect structure
176 and bumps 182. The non-conductive adhesive material 170
securely holds semiconductor die in place to reduce die shifting
during encapsulation and handling. Adhesive layer 170 1is
removed after encapsulation and prior to forming build-up
interconnect structure 176.

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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12. The method of claim 7, further including depositing the adhesive material over a side of the
semiconductor die. 13. The method of claim 7, further including depositing the adhesive material around
a perimeter of the semiconductor die. 14. A method of making a semiconductor device, comprising:
providing a carrier; mounting a semiconductor die to the carrier; depositing an adhesive material over

the semiconductor die and carrier; and )
Claims

What is claimed:

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

providing a carrier;

mounting a plurality of semiconductor die to the carrier;

depositing an adhesive material over a portion of the
semiconductor die and carrier to secure the semiconductor die to
the carrier;

depositing an encapsulant over the semiconductor die and
carrier, wherein the adhesive material reduces shifting of the
semiconductor die with respect to the carrier during
encapsulation;

removing the carrier; and

forming an interconnect structure over the semiconductor

die and encapsulant.

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

adhesive material.
3. The method of claim 1, further including depositing the
adhesive material over a side of the semiconductor die and over

a surface of the carrier.

4. The method of claim 1, further including depositing the

adhesive material over a corner of the semiconductor die.

5. The method of claim 1, further including depositing the

adhesive material over a side of the semiconductor die.
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depositing an encapsulant over the semiconductor die and carrier, wherein the adhesive material reduces
shifting of the semiconductor die with respect to the carrier while depositing the encapsulant. 15. The
method of claim 14, further including: removing the carrier; and forming an interconnect structure over
the semiconductor die and encapsulant. 16. The method of claim 14, further including removing the
adhesive material. 17. The method of claim 14, further including depositing the adhesive material over a

side of the semiCBRINGEFRER &id 6vérdisdradd'ofthecatfisri tding depositing the

adhesive material around a perimeter of the semiconductor die.

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

providing a carrier;

mounting a semiconductor die to the carrier;

depositing an adhesive material over a portion of the
semiconductor die and carrier to secure the semiconductor die to
the carrier;

depositing an encapsulant over the semiconductor die and
carrier;

removing the carrier; and

forming an interconnect structure over the semiconductor

die and encapsulant.

8. The method of claim 7, wherein the adhesive material
reduces shifting of the semiconductor die with respect to the

carrier during encapsulation.

9. The method of claim 7, further including removing the

adhesive material.
10. The method of claim 7, further including depositing the
adhesive material over a side of the semiconductor die and over

a surface of the carrier.

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

adhesive material over a corner of the semiconductor die.

12. The method of claim 7, further including depositing the

adhesive material over a side of the semiconductor die.
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18. The method of claim 14, further including depositing the adhesive material over a corner of the
semiconductor die. 19. The method of claim 14, further including depositing the adhesive material over a
side of the semiconductor die. 20. The method of claim 14, further including depositing the adhesive
material around a perimeter of the semiconductor die. 21. A semiconductor device, comprising: a
semiconductor die; an adhesive material contacting the semiconductor die; an encapsulant deposited
over the semiconductor die and carrier; and

13. The method of claim 7, further including depositing the

adhesive material around a perimeter of the semiconductor die.

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

providing a carrier;

mounting a semiconductor die to the carrier;

depositing an adhesive material over the semiconductor die
and carrier; and

depositing an encapsulant over the semiconductor die and
carrier, wherein the adhesive material reduces shifting of the
semiconductor die with respect to the carrier while depositing

the encapsulant.

15. The method of claim 14, further including:
removing the carrier; and
forming an interconnect structure over the semiconductor

die and encapsulant.

16. The method of claim 14, further including removing the

adhesive material.
17. The method of claim 14, further including depositing the
adhesive material over a side of the semiconductor die and over

a surface of the carrier.

18. The method of claim 14, further including depositing the

adhesive material over a corner of the semiconductor die.

19. The method of claim 14, further including depositing the

adhesive material over a side of the semiconductor die.
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an interconnect structure formed over the semiconductor die and encapsulant. 22. The semiconductor
device of claim 21, wherein the adhesive material reduces shifting of the semiconductor die. 23. The
semiconductor device of claim 21, wherein the adhesive material is deposited over a corner of the
semiconductor die. 24. The semiconductor device of claim 21, wherein the adhesive material is
deposited over a side of the semiconductor die. 25. The semiconductor device of claim 21, wherein the
adhesive material is deposited around a perimeter of the semiconductor die.

20. The method of claim 14, further including depositing the

adhesive material around a perimeter of the semiconductor die.
21. A semiconductor device, comprising:

a semiconductor die;

an adhesive material contacting the semiconductor die;

an encapsulant deposited over the semiconductor die and
carrier; and

an interconnect structure formed over the semiconductor die

and encapsulant.

22. The semiconductor device of claim 21, wherein the adhesive
material reduces shifting of the semiconductor die.

23. The semiconductor device of claim 21, wherein the adhesive
material is deposited over a corner of the semiconductor die.
24. The semiconductor device of claim 21, wherein the adhesive
material is deposited over a side of the semiconductor die.

25. The semiconductor device of claim 21, wherein the adhesive
material is deposited around a perimeter of the semiconductor
die.
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