SEMICONDUCTOR DEVICE AND METHOD OF FORMING PREFABRICATED HEAT SPREADER
FRAME WITH EMBEDDED SEMICONDUCTOR DIE Field of the Invention The present invention
relates in general to semiconductor devices and, more particularly, to a wafer level package and method
of embedding a semiconductor die in a prefabricated heat spreader frame for thermal dissipation.
Background of the Invention Semiconductor devices are commonly found in modern electronic
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(LED), small signal transistor, resistor, capacitor, inductor, and power meta emiconductor field
effect transistor (MOSFET). Integrated semiconductor devices typically contain hundreds to millions of
electrical components. Examples of infegrated semugandyctar dqviges 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 electromgggegggiggglcs, gggtéglgrﬂg)gleﬁcérpgﬁcege\%e%émgolmgr&g sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
aﬂeNamﬁ@mtconductor devices and, more particularly, to a wafer level

package and method of embedding a semiconductor die in a

prefabricated heat spreader frame for thermal dissipation.

Background of the Invention

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

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor

devices are found in the fields of entertainment,



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. 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 through the process of doping. Doping introduces impurities into the
semiconduoct%ru rIQ?tCearigi J(6) rsnarslip%ulgtg acnod (\:f%r]\ftrsoil é%e coré(%uc(;[ilyf} of }:hoe serpiecgndu%tgr device. A
semiconductor device containg active and | passive electrical strictures. Actve sfgrOctures, including bipolar
and field effesttransistors]control thedioiw ohdlectrical carvente Byasaeying seveteohdoping and

applicatiqn, af an, electric field of base current, e fransistor, gither, promotes.gr restricts the flow of
electrical current. Passive structures, inc udllng resistors, capacitors, an mdsuctors, create a relationship
between vohage ahd carreannecessapeteparfomeatvariety of electrical functions. The passive and active

structures are electr_icaélgrggggggpgggggorg%g%léigs, Mﬁ%?@a@ﬁéh% §gg@9q@éjftor device to perform

high-speed calculations and other useful functions. Semiconductor devices are generally
manufaci¥ed asingevoTomsiex praffastoring preeesses - i.e. TTrone&nd irantifactaiing, sarfback-end

manufacturing -saeh, ivolving, patentially, hundreds of steps. Frantendmagyiaciuring invalves the

formation of a plurality of die on the surface of a semiconductor wafer. Each die is typically identical and

contains Bitedirforrhed byveléétpicalfPédritdcting aefivé and ssiveccohtsditerts. Badkeend:
manufacturingdpvelves sipgulatipg irdividyaldig from the, finisbed wafer-and packaging the.die to provide
structural support and environmental isolation.

semiconductor material to manipulate and control the

conductivity of the semiconductor device.

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

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

contains circuits formed by electrically connecting active and



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 die size may be achieved by improvements in the front-end process resulting in die
with smaller, higher density active and passive components. Back-end processes may result in
semiconductor.device Backa es with 8 smaller éootgrint %y icmprovements if electrical in&er%onnection and

. assive, compon TS aC]f—?D manufac urlnlﬁ 1NV.O V@F 5111%11 n
packagln}(j materials. nother goal of semiconductor manufacturing is to produce highe
performance semicenduticr devicest A indreasken deviCe perforimaacé eane adcondulished by forming
active compone és_té‘@%%rcec%%alb'%géﬁB?ga“Q%‘Fé‘&hieﬁ SREgds Sfﬁ%%hgf@{‘a%e.rformame

0 a high fre

semiconductor evices, a large num igital circuits operate wit quency clock, e.g., a
microprocessor operatWTgeingi@dheirf_z r%ﬂgé.cnﬁdmet higmeqmylapmgaﬁmﬁ; @u@ha@u_aéio o
frequency (RF) wireless commynications, integrated passive deyices (RDs) are aften contained within

the semiconductor device. Examples of IPDs include resistors, capacitors, and inductors. A typical RF
system réquirssaukipis| ADS Rrond ar Mok SERTICHRILEIRItREge s I pedorn? theoneckssady

electrical funclionse ; - o n THese highsperiermancessemicopducior deyiges ggnerale significant heat

which must be adequately dissipated. Some semiconductor packages use the encapsulant or build-up
interconrieg®Y Stractafes b dissipatetidat tHoWever: ehtapsantdrlisuilelp fiftérebRfe€tstructures are

typically pooythermal condugtors Without effective-heat dissinatione the.genergied heatcan reduce
performance, decrease reliability, and reduce the useful lifetime of the semiconductor device. In addition,

warpage 'dtie t6diféreRtial tRERR&ISkpansibhdoeficientbetwieh thésemiconduetisF e and build-up
interconngsh structures-Gan-cause giesiress anshgirlamination. Mechanpical stressisAlso pegsent along
the die sidewalls. Summary of the Invention A need exists to dissipate heat from a semiconductor
die in a WaieEVerPackals Sy reahiee nmischnicd? $rE88 SRecdtdingly, e 8mbbdfthent: e present
inventionds aimptheoaafdnakinga seraiconductor daviee eontistngthessteps atpeayidiag a temporary
substrate, mounting a prefabricated heat spreader frame over the temporary substrate, mounting a
semicon&t?ctf(?rrdi%%t]& the heat spreader frame for thermal dissipation, depositing an encapsulant over the
semiconductor die andrheatispreager frapfe while deaving contack pads ondle sgmiconduictor die
exposed, and formingi intercopgggt structure over the se@é%on(gugtor die. . _In another

a
embodimpeﬁ?,dtﬁg %rélséjhgeiﬁvé%%on i$ Amethod of Mia rf%l A SEmicoNdEtor devile lc%r%rp(?%is’n% the steps of

providingian héatySpreaderffameamotinting acsemicondpdtos diedtoldhe heanspreasdet frame for thermal
e D e st I el gt fome, o o
some high-performance semiconductor devices, a large number of
digital circuits operate with a high frequency clock, e.g., a
microprocessor operating in gigahertz range. In other high
frequency applications, such as radio frequency (RF) wireless
communications, integrated passive devices (IPDs) are often
contained within the semiconductor device. Examples of IPDs
include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.
These high-performance semiconductor devices generate

significant heat which must be adequately dissipated. Some

semiconductor packages use the encapsulant or build-up



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a wafer-shaped temporary substrate, mounting a wafer-shaped heat spreader
frame over the temporary substrate, mounting a semiconductor die to the heat spreader frame for thermal
dissipation, depositing an encapsulant over the semiconductor die and heat spreader frame, and forming
an interconnect structure over the semiconductor die. In another embodiment, the present

invention ii% aesrecrgicggg:%ctgr %\éige lggrsnptrisingia Qg)ata %%re%ggq:framgo%ndvs%micgnggctglrl Elgenmounted to
the heat Spreader frame for Fhermalfldlssipa?ion. AR e%capsu ant’is deposﬁe& oler the ?emlconauctor die
and heatspréaderdrame JAr grterconaect stiuctureus ferneeckoventhe semiconductahdiemBrief

Description of 18 BIAWINGS o FIPcLIusyates.a PCR with difigrent types of packagesmounted to
its surface; FIGs. 2a-Ec filustrate further detai otf the representative semiconductor packages
mountedhe #te PEOB;reduce RIEsf3asEniligstrate arprosess of fortming Waferdevk| hedt spreader frame

with embeqded semiconduetardie; and . ;G4 Hystrates an individua) ywaterleyel package with
semiconductor die embedded in the heat spreader frame.

warpage due to differential thermal expansion coefficient

between the semiconductor die and build-up interconnect

structures can cause die stress and delamination. Mechanical

stress is also present along the die sidewalls.
Summary of the Invention

A need exists to dissipate heat from a semiconductor
die in a wafer level package and reduce mechanical stress.
Accordingly, in one embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary substrate, mounting a prefabricated heat
spreader frame over the temporary substrate, mounting a
semiconductor die to the heat spreader frame for thermal
dissipation, depositing an encapsulant over the semiconductor
die and heat spreader frame while leaving contact pads on the
semiconductor die exposed, and forming an interconnect structure
over the semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a heat spreader frame, mounting a semiconductor die to
the heat spreader frame for thermal dissipation, depositing an
encapsulant over the semiconductor die and heat spreader frame,
and forming an interconnect structure over the semiconductor

die.



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 de_fined by the appefgeg c(l)a%imes arédmg\ggi%qeuril\éa}len s as su spoﬁtcedil?}’vtehgtf%%\”i{lg dailsclosure and_
drawings. Semiconductor devices are general?y manufactured using two complex manufacturing
processesefrontiend manufacturng and dackwendomanafacturingeFparnitsendymanefactensy imbolves the
formation.of5 pluralty of diean the,surface ala semicondyclaraler. Gach,die,on the ygfer contains
active and passive electrical components, which are electrica ly connected to for finctional electrical
circuits. Adtaesalettriedl carmponents, fsiwheastvansistoes ardudiodesy havé e albitity to control the flow
of electrical current, Passive;eleqtrical components, sych as capagitors, ngudtors, esistors, and
transformers, create a relationship between voltage and current nécessary to perform electrical circuit
functionst hermal passige rmeidttive topssone g arfopmediover #ve sarface sfthe semiconductor
wafer by aseries,pf precassteps ingluding dopings deposition,hatqlithegraphyetehing, and
planarization. Doping introduces impurities into the semiconductor material by tec?mlques such as ion
implantatidh- 6 thePmardiffasionc THE YopiR) protess fivdiastheteléctfiéal -conductivity of semiconductor
material in active devicgs, fansforping.theserrcendugter material inte andpsulator; conductor, or
dynamically changing the semiconductor material conductivity in response to an electric field or base

current. TYaR$iSEIIE ¢6Rtdin FEGIORS of PARINGSYPES anbitftlyrédd 6Fd6Hing affaRgea%s necessary to

enable thedransistatto-pronaate arsestrictitheflow ef elestricabeudrsenrt:uponsthe applicatien-pkthe electric
field or base current, Active and passive components are formed by layers of materials with

different Sietfiidaf proprtied: THNGFE S i e foinfEtRRPa Varet GrdepssitioftechmgUes 9etermined
in part bydthe typel of materss heirg-deposited. Fonaxample: thinfidmeposiienynay involve chemical
vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and electroless plating

processesCEAGH I&ET is §EfTeraf patBEd 13 ofth ortions of active components, passive components,

or electrical connections between components.

Brief Description of the Drawings

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

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

FIGs. 3a-31 illustrate a process of forming wafer
level heat spreader frame with embedded semiconductor die; and

FIG. 4 illustrates an individual wafer level package

with semiconductor die embedded in the heat spreader frame.

Detailed Description of the Drawings

The present invention is described in one or more

embodiments in the following description with reference to the



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
depositing ith% measterialnin%qlqtlh(c;:\har?a}s< or vgids rfg mec% gg Iae%reer\/gughdeepgasgigné%tcg pracess using
techniques dUch &S electroiess andlelecf}of)[}ﬁc P aﬁing. epositing a thin film of material over an
existing palttenecan exaggerate theeunderdying pattem arc created non-tmiformly flatcsigfases A uniformly
flat sur_fa%%iéseregggfreg (o) d%qfdiurg:e sCrH%IIeir na\pd more dgnsoq?lﬁ gggkedegc,:tivietar‘bd pas ige components.
Planarization can be used to remove material from the surface of the Wafer and produce a uniformly flat
surface. Plaprasizaticreihvblves!potishipl ithe sdrface ohtheawaferwith a polishing paddAd abrasive
material and gorrasive chepical are added fo tha suface. aihe aler, duriag polshing. The combined

mechanical action of the abrasive and corrosive action of the chemical removes any irregular topography,
resulting ima lipifermiyiffat surfabe. sriritBackdend arnutactififg reféptolautting of singufeding the

finished wafer jnto the individual die and then packaging the, diefor structural supped ang envionmental

isolation. To singulate the die, the wafer is scored and broken along non-functional regions of the wafer
called sah/CSthedis BE serises. Thetwaferts SiaguiltetPusing a laser cutting tool or saw blade. After

singulation, the individdaldie areimaunted;ta,a package substrate that iﬂ%‘HQ%%@MoFQEE@%gPadS for
interconnection with other system components. Contact pads formed over the semiconductor die are then

connectet8 cortatt padeWithid tHe' padiager The Tiectricdiconhetiichd'éan bé wiade with Softer

bumps, stiid-hurps, senduciive pastey or wireheondsnAneacapswant-amethenmelding material is
deposited over the package to provide physical support and electrical isolation. The finished package is

then inseftetiifto' & efeburftal systemtand e fihGttichality 6f terdetfiitoRduétor device is made available

to the othessystenaigemppneatser . EaFHGdl dlustrataseelqetrenic eericgidshaving acchip garrier
substrate or printed circuit board (PCB) 52 with a plurality of semiconductor gackages mounted on its
surface. EREfON feVice 50 fidy ﬁ&&?aOSﬁl@ﬂ?pse’of‘”&%ﬁi}éoﬁﬁﬁctSr‘-ﬁﬁéﬁ%\b& OF FdHiBIE fypesof
semiconducta@opackagesdependirg enthe applicatioou The different types D semicarnductor packages

are shown 1 FIG. 1,for pupozes of lustiation

ors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
transformers, create a relationship between voltage and current
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,

conductor, or dynamically changing the semiconductor material

conductivity in response to an electric field or base current.



Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger
system. For example, electronic device 50 may be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The semiconductor package can include
microprocessors, memories, application specific integrated circuits (ASICS), logic circuits, analog circuits,
RF circuitlsfgrilssciestgodesvicceshg[)go%heresemoi%ondoutctc\)fr cge or ele%ctricasl components. of In FIG. 1, PCB
52 provides a generafsubs?ra & for ﬁr&%urafsuppor?aﬁé efectrical interconnect of the semiconductor
packagesimoumtecon dngyPC B Corduetive signab traced 54 aré formetheverta sutfaceoorwithia layers of
PCB 52 using.gvanaraion, electrolytic plating, electroless plafing, sgreen Rrinting, or gther suitable metal
deposition process. JSlgna traces 54 provide for electrical communication betwee% eac otf the
semiconductéhpackbges rrouhtedlcomporerits, and othiet external system components. Traces 54 also
provide power and grognd connections to.each of the spmicanductor packages,, 1 ,y../0 some
embodiments, a semiconductor device has two packaging levels. First level pacl\éaglng IS a technique for
mechanigz@lysanidrelectrically diaélsing tiie sémicontoetoriierran imérmediafe éarvier Second level
packaging involyes meghanically. and elegtrically attaching the intermediate cawier 19 the PCB. In other
embodiments, a semiconductor device may only have the first level packaging where the die is
mechani®dfytarleleeficalip fhotint&th BiRéctR totfé PCBeP o s 1 tefor thEPurpdsestliflustiation, several
types of first levelpackeging, inclydingyire,kond package 56 apd f@éﬁ@@ﬁ@i a+e shown on PCB 52.
Additionally, several types of second level packaging, including ball grid array (BGA) 60, bump chip
carrier ( = ual ifire paeYe-EIR) Gﬁwghd griccarray (GAY 68 mbitichip FRGdule (MOM) 68,

quad flatsipadeaded package: (QENH76.andguad flatpackageci2, ate shawpamoynted on PCB 52.
Depending upon the system requirements, any combination of semiconductor packages, configured with

any comBin&tiGT BFfirst 8nd SERoR® TeveP PackHging 5t1ss, 38 WaraS bitrer Rfetirohc components, can

be connegtefbtonReBH2.dr some-embedimenisnelectrenis devicetinchigesrasipgle attached
semiconductor package, while other embodiments call for multiple interconnected packages. By

combining one or more E@mﬁc%%ﬁﬁéto?%%ci?&;é’sa&?@rrapgﬂgiésﬁb%tl%l?&ttﬁéﬁﬁﬂeﬁﬁéi%hé’dn incorporate
pre-madertarsiponentslintoseleakonietlevices @andosysiegatBeeatsetthesemicenductor packages
include soRhisticated f%nctionalityﬁglec_t[ronic decvic s can tt)% manuJactuged u%i g cheager components
and a strBaRlined “F’nla{snuTa&ﬁﬁﬁg prc?ces%?“?ﬁe resu teiné;o devices are less If%ly o'fdil and less expensive
to manufactane fesutting) ifralowergost faneohstmersie phot dt6&sida-2csshow éxemplary
semiconc(%ctor quqckf\ es. I%IC—;-C.hzea ill strates furtr%er d?;ac\il of DIP 64 m%ur(ljteg on PC§t521' S:Semiconductor

die 74 includes an actve region con aining a?\%f’og & |gﬁ§lncirséﬁﬁ§ ?rﬁp emen(fe&é active devices,

passive dexitessdonductivedayersyand dietegine layere formehwitkin the elierane ate elegtrically
interconnegieg ageording fg the elecirical desion atihe die. For examale,dbe cirguit mayinclude one or
more transgtors, diodes, ]?nductors, capacitors, resistors, and other cirCuit elements formed within the
active removed, leaving behind a patterned layer. Alternatively, some
types of materials are patterned by directly depositing the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.
Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to

produce smaller and more densely packed active and passive

components. Planarization can be used to remove material from



region of semiconductor die 74. Contact pads 76 are one or more layers of conductive material, such as
aluminum (A1), 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. The package body Includes an insulative packaging material such as polymer or
ceramic. ¢ onducto Ieaedso§0 Qﬂd wigefbc%n%sn 2 d&%‘@% gleé:trlilc% %nt%@nnggta %etwegg sceemiconductor
die 74 and PCB .éficncapsulan?SX IS 8ep05|te over the package for environmentaf prg’[ection by
preventirglmoistureancopartioles froms epteringhthepackage andaontaminatiag e 4 or wire bonds 82.
FIG. 26 llystrales further detallof BEE.62 moupted on PCB 33 3emicondyctor die, 88 Js maunted over
carrier 90 using an underfill or epoxy-resin adhesive material 92. Wire bonds 94 provide first level packing
Interconriedtl bétwee - tontactgads=96 and198. Wiofding tempuouneddrieitapsulant 60 is deposited over

semicondugiar iSc?%n%%ﬂ’H%éoﬁd§c9c4it<9npr8¥id§h®y§'bq?£§9%°r£f'%|3d Slgqtricaljsolatign [y the device.

Contact pads 102 are formed over a surface of PCB 52 using a suitable metal deposition such as
electrolytitfplating oh elettrdlessiatiiftoeprevehteddation. Comastarans, 102 arelélestically eonnected
to one or,morecondycive 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 Canf&r FOB Wit atfig ehiprstiie firstievél packaging! AEtiv& region 108 of

semicondugtey digo8-contains ranaleg o digital sirgujtsimplemented asiagtivedevices; passiye devices,
conductive layers, and dielectric layers formed according to the electrical design of the die. For example,
the circuiPAfaARcHide dhe SHirRofefrandistors; Hiddess WtRittdrs2Bapacitors, 18Ei_tHre land other circuit

elements;within active regign 408qSemiconducteridie 58Hs electically andumechanigallyeQnacted to
carrier 106 through bumps 110. BGA 60 is electrically and mechanically connected to PCB 52
with a BGA Sffe S88ord Vel PackaghiPuSiig b £15 S&hiconductdr 858 i aistFicafly

connecteglde oeaductiviesignalitacesss4 B G Ba52 thraygh §umpsalld; signat lines $14,1and-bumps
112. A moldinggcom ound or encapsulant 116 is deposited over. semiconductor die 58 and carrier 106 to
provide phySic F@lﬂ%’ort A e ctridhi sotdtion Yor IS device T fip chis s8frfcdhaiitcsr tevite
provides a shotkelgetrisabeanductionipath from thecactive e vicesamsertcopddetor die 58 to conduction
tracks on,ngrSZ in order. to reduc sigcr%aéfro agcaéign distance, Igwer c%pa(;cig;lgge, %%% improve overall

circuit peﬁ%rmaﬁgerl.qﬁ%%%ﬁ%lerwelrﬁ odiment, thé ‘Semiconductor die 58 can be mech%nlcally and

electricallyccomnecteckdiredtly todGB &2cusing flipdchip shyde fitst teved packaging withoohinsermediate
Ca”mrl%%ds within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or printed circuit board (PCB) 52 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 50 may have one type of semiconductor package,

or multiple types of semiconductor packages, depending on the

application. The different types of semiconductor packages are



FIGs. 3a-31 illustrate a process of forming a prefabricated heat spreader frame for thermally enhancing
an embedded semiconductor die in a wafer level chip scale package (WLCSP). In FIG. 3a, a sacrificial or
temporary wafer level substrate or carrier 120 contains a base material such as silicon, polymer, polymer
composite, metal foil, ceramic, glass, glass epoxy, beryllium oxide, tape, or other suitable low-cost, rigid
material for structural support. Carrier 120 is wafer- shaped or circular with a diameter of 15-30
centimeterﬁ, (%rIp).ién ﬁ_a{jgesi%e J,}fi(ljn]_j orllla er51252 IS orr%%j gver. alrrier 120. Adhesive layer 122 can be a
flexible pﬁ’:\SﬂC base film, such as po@v%?cﬁloriae (IE’ Ljlor po yo?er}i'n, with a synthetic acrylic adhesive
or ultraviolet (UV)-sengitiveadbesive, dervdevice naattingeaand rensovatsAdhesivey lelyem122 ég releasable
by light, klllesaet,slaggré of gr%elcchgr%paé Prerssggec.kél eergaté\ée% arqughesi\rllee moarte%%l such as thermal epoxy,
polymer composite or inorganic onging compounds, can be applﬂe {6 carrier 120. A
prefabricatedHeat spltedderdtane $24 i iriotmted tovedrvier €26 withcadhesievlager 222 rasyshown in
FiGs. 3bgd.Sc, Healspreader feame 124 fias,a siplac walershans.arfor faglpt 5, cayrier 120, as
shown in FIG. 3d. Head spreader 124 can be prefabricated using a leadframe manufacturing process to
reduce niEmviEgudy BostsPHeat spreabechameri4 inelkideska flattstateal?s with & plarality of bodies
128 extending vegtically fram plate 126, The bedies. 128 fosm cavities qregessgad.openings 129. Cavities
129 serve as semiconductor die mounting sites. The center portion of heat spreader frame 124 can be
punched $6FEHE FREUNting HeatBprearier frafie P24 kaAdech, ARALUAY, or other metals and
composites capghleof dissipating-heat; Eeat spreader frame mayialsq geatain thexmal fillers such as
alumina (Al203), zinc oxide (Zn0), Ag, or aluminum nitride (A1N). ~ In FIG. 3e, a plurality of
semicondiictérdie L 307wty edntatPPads 37 Grichfed dpviareds placediihfo cavitics 129 4hd secured
with die aitachradhesive 134 sUchasa pea-cutaghesie il dispensed epoxythernal gelease, thermal
grease, or other suitable adhesive. Each semiconductor die 130 includes an active surface 135 containing
analog o 8igRarGuits implemented as active devices, passive devices, conductive Layers, and
dielectric layers formed withinctheidie mod edectfieallyiintescenngated accerding tosthe efestrical design
and function of the die. For example, the circuit may include one or more transistors, diodes, and other
circuit elethEMS ¥8ffed Wit Adtiva Strface 135 0 impterh e BASEEandAnaldg circuits or digital circuits,
such as digital signal processec ASRP} Al taemory, O otrersignal gpridcessing:Cikcuitn Semiconductor
die 130 may, also coptain [P, such s inductors, canaciiors, and tesistars, for RF:sianal progessing. A
typical RF System requires muI]flpf%ele?)s h SheOF more sémicbhddictor pa%ﬁages 0 perform the
necessary=leciriealdfpnetionson, eleSemitonducterldie 39, patteutarlylkigls peifetmance digital
circuits agg II;DhinhPrentI%/n%eneg%teor%%aé durigg n rrinal Ig%rafiogewhigh must be ro egy dissipated.
Heat spreadrerefrarﬁe J1551, including plate 126 anEIabo les §l servé {0 aissmatéo eat from semiconductor
die 130. kiomaémbodireent, Aeatrspréddertframe k24thas-a thermmatcondactivity rangimgdrom 90-430
W/m-K.

each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of 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.



In FIG. 3f, carrier 120, with heat spreader frame 124 and embedded semiconductor die 130, is disposed
between bottom chase 136 and top chase 138 for wafer level encapsulation. In a direct/top gate molding
process, center plate 140 injects molding compound or encapsulant 142 over heat spreader frame 124
and around embedded semiconductor die 130. Encapsulant 142 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. The direct gate
molding process provic%gsrg%%deen%a sglaetiogfco.Vﬂa%ngg eng dieS g\r}g Ieaiveés coenga%t ads 132
exposed post encapsulation for efec rical Cormnection 16 a su seqlient bwﬁﬁup ihterconnect structure,
without furthertetdking. lAlternativelyga pastelprititing, eompréssive potdingdrarisfemmofding, liquid

encapsulant molding. yAcuu, [amingtion. erother suiable, apalicalor canag ued (o disspse
encapsulant 142. Encapsulant 142 is non-conductive an environménta y protects the semiconductor
device fremaxternatelemaerns aad contaminahtsling baFlGg3gdhawsan diterAateoWafepievel film
assist encapsylation process with eastierd2q. wilh heatspieader jiamg 424 and embgdded. o
semiconductor die 130, disposed between bottom chase 144 and top chase 146. A molding compound or
encapsulaht 249 igipfectéd througl pors 148svér heatMetéadepfrafieat24 aad arcundlembedded

semiconduclgrdie 189 Encagsulantil4f,can be-polymel coopgsite materialosienas ooy (sin with
filler, epoxy acrylate with filler, or polymer with proper filler. Top chase 146 physically contacts active
surface 135Fantfisoldi€PEaRtaREp IS T3Z BB riAy eheRpSiaatio. S water d6Ve| ARRasSisE Adilding

process prpvides goodencapsulation coverageorr egeh die and leaygs coptact pads d32exposed post
encapsulation for electrical connection to a subsequent build-up Interconnect structure, without further

etching. F1Tst MEG BROAdopSiHE buRdtpPintdidontect Struciite %4 s fGnidd 6ver semiconductor

die 130. The buildwpdntesepiyiact siyictuse 154 lngludes anelectrieally conductive ayee 156 formed in
sections or Eortipns using patterning and PVD, CVD, electrolytic plating, electroless plating process, or

other sui et teposiibR Process” condtichive thyelr 158 €an 15 6 8rmdté Taydts Of Al, Cu, Sn,
Ni, Au, Ageorelher suitaliie gleatrdcally candustiva materiadpblae perions«wf conduetive layepi1s6
electrically connect to contact pads 132 and can be electrically common or electrically isolate% rdepending

on the deSigFand Rlctibh Ot §8MTcondutior digi>tning ‘one or more semiconduct

packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.
Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using
cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

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 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
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In FIG. 3i, an insulating or passivation layer 158 is formed over conductive layer 156. The insulating layer
158 can be one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SiON),
tantalum pentoxide (1a205), aluminum oxide (Al203), or other material having similar insulating and
structural properties. The insulating layer 158 is deposited using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. A portion of insulating layer 158 is removed by an etching process
to expose (elon%lfllctiélf Ig)éer.l%esﬁ ductor Acpigle?tlicalI%ggr%%%qftivea!g%er%ﬁo foermed over insg}aéting layer
158 and conductive ayerrTS% In secﬁons Of portions using pat erﬁlng an P%, CO\?S, éjlectrPontlc plating,
electrolessplating pfocessdorothes suidlle métal depdsition plotessu@oriduotivedayersk60 can be one
or more I%%r)s of Al Clﬂs§5" NE Al A, o gher sg'itgblg %I§ctri'§ally cqqfdeurctiyg rr)late([jigl Oanreeportion of
conductive layér ) electrically connects to conductive ﬁéyer’ 156. Other portion% of conductive layer 160
can be eletgically comhyorr onelkectrivdlly fsotdted dependingedretiendeside and dumctioniof the
semicondugtardevice.. o, 4 Jn pne embodiment, conductive layer 169 s aninder bump metallization
(UBM) layer made with multi-metal stack including an adhesSion layer, barrier layer, and seed or wetting
Layer. THEL&dhsiors |ayerean deth, ttaniun altiae {FiN, BrRahiUhe fJungsters (Mw)a A @kEhromium (Cr).
The barrigy layey,is fomed-over the aghesion layer apd cande madeof yj, pickehyanagium (Niv),
platinum (Pt), palladium (Pd), Tiw, or chromium copper (CrCu). The barrier layer inhibits the diffusion of
Cu into aeh@Erea I35 oPSETHREAJEERY dic' E30:Ffe Séed aSet ean ve CF i MV IAU, or Al. The seed

layer is foymed-qver the barder layar, HIBM 160 uoyides a lowggsistive Interconnest aswell as a barrier
to solder diffusion and seed layer for solder wettability. In FIG. 3], carrier 120 and adhesive layer

122 are réhidvelroht hdat Bpreader frahfects4d 6§ ight heat 93 Cor PieblaRical pressure. For

example,carhie 120 apd adhesive Jayeldl 22-garsbe remavag by 1LVHighy theymal gstach: ghemical
etching, mechanical peel-off, CMP, mechanical grinding, wet stripping, or other suitable detachment

process. °Ver T FRE CHic Hh diettrically EoRdLtive bummp hitérialis BEpBsSitatEavertdnductive layer

160 usingan evaperation, plectrolytie platingy electrolassoplating, hatidigp, emscreen printing process.
The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an

optional fiRPSSITHOR Fotexaniple, the bulip Matéfidl Tahbe eutectic Sn/Pb, high-lead solder, or
lead-free solder. The buntp. material is:berded:to conductve dayes 1604SiImT a stitablewattachiment or

bonding process. Ip.one embodiment, the bump erjal is reflowed by heating the material above its
melting p%?nt§§%or$n2 éphgsze]c%} ﬁgﬁléjp or tﬁﬁr%pé?l%g% n §5’mlgoélprbtﬁ%gti§r¥se,%u?nagsrf§f a?r(‘se% reflowed a
second tinel toginaprove étecfridal contasp tokgonduciive dayer 160= Thethimps c&r alsoie-eompression
bonded to é:gggu five Ia¥%ri (13[%106 ’CJ)BlumES }Q?, Jepresent one tmeeg:f Intercc():r%n%ct structure that can be

.pr a I cponne crween .
formed over con uctl}\?e ayer Ji_ﬁe Interconnpecfstru&ure can aPso use bond wires, conductive paste,

stud bumpe miierotburmpg sorPéthenelettrical Mitértongectompound or encapsulant 100 is

deposited over semiconductor die 88 and wire bonds 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 deposition 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
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In FIG. 31, dicing tape 166 is applied to heat spreader frame 124 for structural support during singulation.
Semiconductor die 130 are then singulated with saw blade or Laser cutting tool 168 into individual
semiconductor devices 170, as shown in FIG. 4. Semiconductor device 170 is a WLCSP with heat
spreader frame 124 for thermally enhancing embedded semiconductor die 130 which is electrically
connected to buildup interconnect structure 154 for further package integration. Heat spreader frame 124

provides for cyssm%t%on of h%%tlgecnlepctgd tbé/.siemgorqg%cctgédtaesl?éo. tBo\gleles(,le8 of heat spreader frame

124 proté"lc?Zf'hé)gidewa(f]lé%i‘L semiconductor die 130 From mechanical Stress aﬁgrltﬁgi%g/singulation as well
as duringrrustber devies integrationn ey tRE€8 meurting. Heat spieddertfrance 124 afso sermes@s a wafer

stiffener o (egyas wiate weipage during,the manuAgtiing Ripeess, particulry during the ghcapsulation
process. While one or more embodiments ofthe present invention have beer illudtrated in detail,
the skilled ariisartwitiaappreciatedthap nodifications andadaptations todhoskeembodifnentsmay be made

‘\’/"V‘Lha‘il:; i%%%ﬁgé&% the scoRe githe presentinyentian as set fort,in the following, claims., Claims
regioﬁ 108. Semiconductor die 58 is electrically and

mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. 1In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flip chip style first level packaging without
intermediate carrier 106.

FIGs. 3a-31 illustrate a process of forming a
prefabricated heat spreader frame for thermally enhancing an
embedded semiconductor die in a wafer level chip scale package
(WLCSP). 1In FIG. 3a, a sacrificial or temporary wafer level
substrate or carrier 120 contains a base material such as
silicon, polymer, polymer composite, metal foil, ceramic, glass,
glass epoxy, beryllium oxide, tape, or other suitable low-cost,

rigid material for structural support. Carrier 120 is wafer-
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1. A method of manufacturing a semiconductor device, comprising: providing a temporary substrate;
mounting a prefabricated heat spreader frame over the temporary substrate; mounting a
semiconductor die to the heat spreader frame for thermal dissipation; depositing an encapsulant over
the semiconductor die and heat spreader frame while leaving contact pads on the semiconductor die
exposed; and forming an interconnect structure over the semiconductor die.

shaped or circular with a diameter of 15-30 centimeters (cm).

An adhesive film or layer 122 is formed over carrier 120.
Adhesive layer 122 can be a flexible plastic base film, such as
polyvinyl chloride (PVC) or polyolefin, with a synthetic acrylic
adhesive or ultraviolet (UV)-sensitive adhesive, for device
mounting and removal. Adhesive layer 122 is releasable by
light, heat, laser, or mechanical pressure. Alternatively, an
adhesive material such as thermal epoxy, polymer composite or
inorganic bonding compounds, can be applied to carrier 120.

A prefabricated heat spreader frame 124 is mounted to
carrier 120 with adhesive layer 122, as shown in FIGs. 3b and
3c. Heat spreader frame 124 has a similar wafer-shape or form
factor as carrier 120, as shown in FIG. 3d. Head spreader 124
can be prefabricated using a leadframe manufacturing process to
reduce manufacturing costs. Heat spreader frame 124 includes a
flat plate 126 with a plurality of bodies 128 extending
vertically from plate 126. The bodies 128 form cavities or
recessed openings 129. Cavities 129 serve as semiconductor die
mounting sites. The center portion of heat spreader frame 124
can be punched for die mounting. Heat spreader frame 124 can be
Cu, Al, Au, Ag, or other metals and composites capable of
dissipating heat. Heat spreader frame 124 may also contain
thermal fillers such as alumina (A1203), zinc oxide (Z2n0O), Ag,
or aluminum nitride (ALN).

In FIG. 3e, a plurality of semiconductor die 130 with
contact pads 132 oriented upward is placed into cavities 129 and
secured with die attach adhesive 134, such as a pre-cut adhesive
film, dispensed epoxy, thermal gelease, thermal grease, or other
suitable adhesive. Each semiconductor die 130 includes an

active surface 135 containing analog or digital circuits

-13-



2. The method of claim 1, wherein the heat spreader frame includes vertical bodies over a flat plate. 3.
The method of claim 1, further including depositing the encapsulant using a wafer level direct/top gate

molding process. 4. The method of claim 1, further including depositing the encapsulant using a wafer
level film assist molding process. 5. The method of claim 1, further including: removing the temporary

substrate; applying dicing tape to the heat spreader frame; and singulating the semiconductor die.

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 135 to implement baseband analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 130 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. A typical
RF system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

Semiconductor die 130, particularly high performance
digital circuits and IPD, inherently generate heat during normal
operation which must be properly dissipated. Heat spreader
frame 124, including plate 126 and bodies 128, serve to
dissipate heat from semiconductor die 130. In one embodiment,
heat spreader frame 124 has a thermal conductivity ranging from
90-430 W/m-K.

In FIG. 3f, carrier 120, with heat spreader frame 124
and embedded semiconductor die 130, is disposed between bottom
chase 136 and top chase 138 for wafer level encapsulation. In a
direct/top gate molding process, center plate 140 injects
molding compound or encapsulant 142 over heat spreader frame 124
and around embedded semiconductor die 130. Encapsulant 142 can
be polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler. The
direct gate molding process provides good encapsulation coverage
on each die and leaves contact pads 132 exposed post

encapsulation for electrical connection to a subsequent build-up
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6. The method of claim 1, wherein forming the interconnect structure includes: forming a first conductive
layer over the semiconductor die; forming an insulating layer over the first conductive Layer; and
forming a second conductive layer over the first conductive Layer. 7. The method of claim 6, wherein
forming the interconnect structure further includes forming a bump over the second conductive layer. 8. A
method of manufacturing a semiconductor device, comprising:

interconnect structure, without further etching. Alternatively,
a paste printing, compressive molding, transfer molding, ligquid
encapsulant molding, vacuum lamination, or other suitable
applicator can be used to dispense encapsulant 142. Encapsulant
142 is non-conductive and environmentally protects the
semiconductor device from external elements and contaminants.

FIG. 3g shows an alternate wafer level film assist
encapsulation process with carrier 120, with heat spreader frame
124 and embedded semiconductor die 130, disposed between bottom
chase 144 and top chase 146. A molding compound or encapsulant
149 is injected through ports 148 over heat spreader frame 124
and around embedded semiconductor die 130. Encapsulant 149 can
be polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler. Top
chase 146 physically contacts active surface 135 and isolates
contact pads 132 during encapsulation. The wafer level film
assist molding process provides good encapsulation coverage on
each die and leaves contact pads 132 exposed post encapsulation
for electrical connection to a subsequent build-up interconnect
structure, without further etching.

In FIG. 3h, a topside build-up interconnect structure
154 is formed over semiconductor die 130. The build-up
interconnect structure 154 includes an electrically conductive
layer 156 formed in sections or portions using patterning and
PVD, CVD, electrolytic plating, electroless plating process, or
other suitable metal deposition process. Conductive layer 156
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. The portions of
conductive layer 156 electrically connect to contact pads 132

and can be electrically common or electrically isolated

-15-



providing a heat spreader frame; mounting a semiconductor die to the heat spreader frame for
thermal dissipation; depositing an encapsulant over the semiconductor die and heat spreader frame;
and forming an interconnect structure over the semiconductor die. 9. The method of claim 8, wherein the
heat spreader frame includes vertical bodies over a flat plate. 10. The method of claim 9, further including
depositing the encapsulant around the vertical bodies and semiconductor die while leaving contact pads
Onthesqggggg$¥g%rgﬁ(?%QSS%SigD and function of the semiconductor die.
In FIG. 31, an insulating or passivation layer 158 is
formed over conductive layer 156. The insulating layer 158 can
be one or more layers of silicon dioxide (Si02), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1203), or other material having similar
insulating and structural properties. The insulating layer 158
is deposited using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. A portion of
insulating layer 158 is removed by an etching process to expose
conductive layer 156.
An electrically conductive layer 160 formed over
insulating layer 158 and conductive layer 156 in sections or
portions using patterning and PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 160 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. One portion of conductive layer 160 electrically
connects to conductive layer 156. Other portions of conductive
layer 160 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device.
In one embodiment, conductive layer 160 is an under
bump metallization (UBM) layer made with multi-metal stack
including an adhesion layer, barrier layer, and seed or wetting
layer. The adhesion layer can be Ti, titanium nitride (TiN),
titanium tungsten (TiW), Al, or chromium (Cr). The barrier
layer is formed over the adhesion layer and can be made of Ni,
nickel vanadium (NiV), platinum (Pt), palladium (Pd), TiW, or

chromium copper (CrCu). The barrier layer inhibits the
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11. The method of claim 8, further including depositing the encapsulant using a wafer level direct/top gate
molding process. 12. The method of claim 8, further including depositing the encapsulant using a wafer
level film assist molding process. 13. The method of claim 8, wherein forming the interconnect structure
includes: forming a first conductive layer over the semiconductor die; forming an insulating layer over
the first conductive Layer; and

diffusion of Cu into active area 135 of semiconductor die 130.
The seed layer can be Cu, Ni, NiV, Au, or Al. The seed layer is
formed over the barrier layer. UBM 160 provides a low resistive
interconnect, as well as a barrier to solder diffusion and seed
layer for solder wettability.

In FIG. 3j, carrier 120 and adhesive layer 122 are
removed from heat spreader frame 124 by light, heat, laser, or
mechanical pressure. For example, carrier 120 and adhesive
layer 122 can be removed by UV-light, thermal detach, chemical
etching, mechanical peel-off, CMP, mechanical grinding, wet
stripping, or other suitable detachment process.

In FIG. 3k, an electrically conductive bump material
is deposited over conductive layer 160 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 160 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 162. In some applications, bumps 162
are reflowed a second time to improve electrical contact to
conductive layer 160. The bumps can also be compression bonded
to conductive layer 160. Bumps 162 represent one type of
interconnect structure that can be formed over conductive layer
160. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect.

In FIG. 31, dicing tape 166 is applied to heat
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forming a second conductive layer over the first conductive Layer. 14. A method of manufacturing a
semiconductor device, comprising: providing a wafer-shaped temporary substrate; mounting a
wafer-shaped heat spreader frame over the temporary substrate; mounting a semiconductor die to the
heat spreader frame for thermal dissipation; depositing an encapsulant over the semiconductor die
and heat spreader frame; and forming an interconnect structure over the semiconductor

spreader frame 124 for structural support during singulation.
Semiconductor die 130 are then singulated with saw blade or
laser cutting tool 168 into individual semiconductor devices
170, as shown in FIG. 4. Semiconductor device 170 is a WLCSP
with heat spreader frame 124 for thermally enhancing embedded
semiconductor die 130 which is electrically connected to build-
up interconnect structure 154 for further package integration.
Heat spreader frame 124 provides for dissipation of heat
generated by semiconductor die 130. Bodies 128 of heat spreader
frame 124 protect the sidewalls of semiconductor die 130 from
mechanical stress after dicing/singulation as well as during
further device integration, e.g., PCB mounting. Heat spreader
frame 124 also serves as a wafer stiffener to reduce wafer
warpage during the manufacturing process, particularly during
the encapsulation process.

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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die. 15. The method of claim 14, wherein the heat spreader frame includes vertical bodies over a flat
plate. 16. The method of claim 15, further including depositing the encapsulant around the vertical
bodies and semiconductor die while leaving contact pads on the semiconductor die exposed. 17. The
method of claim 14, further including depositing the encapsulant using a wafer level direct/top gate
molding process. 18. The method of claim 14, further including depositing the encapsulant using a wafer
level film assist molding process. 19. The methogfgﬂ%m 14, further including:

What is claimed:

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

providing a temporary substrate;

mounting a prefabricated heat spreader frame over the
temporary substrate;

mounting a semiconductor die to the heat spreader frame for
thermal dissipation;

depositing an encapsulant over the semiconductor die and
heat spreader frame while leaving contact pads on the
semiconductor die exposed; and

forming an interconnect structure over the semiconductor

die.

2. The method of claim 1, wherein the heat spreader frame

includes vertical bodies over a flat plate.

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

encapsulant using a wafer level direct/top gate molding process.

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

encapsulant using a wafer level film assist molding process.

5. The method of claim 1, further including:
removing the temporary substrate;
applying dicing tape to the heat spreader frame; and

singulating the semiconductor die.
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removing the temporary substrate; applying dicing tape to the heat spreader frame; and singulating the
semiconductor die. 20. The method of claim 14, wherein forming the interconnect structure includes:
forming a first conductive layer over the semiconductor die; forming an insulating layer over the first
conductive Layer; and forming a second conductive layer over the first conductive Layer.

6. The method of claim 1, wherein forming the interconnect
structure includes:

forming a first conductive layer over the semiconductor
die;

forming an insulating layer over the first conductive
layer; and

forming a second conductive layer over the first conductive

layer.

7. The method of claim 6, wherein forming the interconnect
structure further includes forming a bump over the second

conductive layer.

8. A method of manufacturing a semiconductor device,
comprising:

providing a heat spreader frame;

mounting a semiconductor die to the heat spreader frame for
thermal dissipation;

depositing an encapsulant over the semiconductor die and
heat spreader frame; and

forming an interconnect structure over the semiconductor

die.

9. The method of claim 8, wherein the heat spreader frame

includes vertical bodies over a flat plate.
10. The method of claim 9, further including depositing the

encapsulant around the vertical bodies and semiconductor die

while leaving contact pads on the semiconductor die exposed.
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21. A semiconductor device, comprising: a heat spreader frame; a semiconductor die mounted to the
heat spreader frame for thermal dissipation; an encapsulant deposited over the semiconductor die and
heat spreader frame; and an interconnect structure formed over the semiconductor

11. The method of claim 8, further including depositing the

encapsulant using a wafer level direct/top gate molding process.

12. The method of claim 8, further including depositing the

encapsulant using a wafer level film assist molding process.

13. The method of claim 8, wherein forming the interconnect
structure includes:

forming a first conductive layer over the semiconductor
die;

forming an insulating layer over the first conductive
layer; and

forming a second conductive layer over the first conductive

layer.

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

providing a wafer-shaped temporary substrate;

mounting a wafer-shaped heat spreader frame over the
temporary substrate;

mounting a semiconductor die to the heat spreader frame for
thermal dissipation;

depositing an encapsulant over the semiconductor die and
heat spreader frame; and

forming an interconnect structure over the semiconductor

die.

15. The method of claim 14, wherein the heat spreader frame

includes vertical bodies over a flat plate.
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die. 22. The semiconductor device of claim 21, wherein the heat spreader frame includes vertical bodies
over a flat plate. 23. The semiconductor device of claim 22, wherein the encapsulant is deposited around
the vertical bodies and semiconductor die while leaving contact pads on the semiconductor die exposed.
24. The semiconductor device of claim 21, wherein the interconnect structure includes: a first conductive
layer formed over the semiconductor die; an insulating layer formed over the first conductive layer; and
a second conductive layer formed over the first conductive layer.
16. The method of claim 15, further including depositing the
encapsulant around the vertical bodies and semiconductor die

while leaving contact pads on the semiconductor die exposed.

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

encapsulant using a wafer level direct/top gate molding process.

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

encapsulant using a wafer level film assist molding process.

19. The method of claim 14, further including:
removing the temporary substrate;
applying dicing tape to the heat spreader frame; and

singulating the semiconductor die.

20. The method of claim 14, wherein forming the interconnect
structure includes:

forming a first conductive layer over the semiconductor
die;

forming an insulating layer over the first conductive
layer; and

forming a second conductive layer over the first conductive

layer.

21. A semiconductor device, comprising:

a heat spreader frame;

a semiconductor die mounted to the heat spreader frame for
thermal dissipation;

an encapsulant deposited over the semiconductor die and
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heat spreader frame; and
an interconnect structure formed over the semiconductor

die.

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

spreader frame includes vertical bodies over a flat plate.

23. The semiconductor device of claim 22, wherein the
encapsulant is deposited around the vertical bodies and
semiconductor die while leaving contact pads on the

semiconductor die exposed.

24. The semiconductor device of claim 21, wherein the
interconnect structure includes:

a first conductive layer formed over the semiconductor die;

an insulating layer formed over the first conductive layer;
and

a second conductive layer formed over the first conductive

layer.
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