SEMICONDUCTOR DEVICE AND METHOD OF MOUNTING PRE-FABRICATED SHIELDING FRAME
OVER SEMICONDUCTOR DIE Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of mounting a
pre-fabricated shielding frame over a semiconductor die for isolation from electromagnetic interference
(EMI) and radio frequency interference (RFI), or other inter-device interference. Background of the
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Semiconductor I}l}[{% e ﬁﬁ Iscrete semlconductor
devices generally contain one type of electrical component, e.g., lig temlttlng dlode (LED), 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 semiconductoFd@AceLhchle mRYSESMers, microprocessors,
charged-coupled devices (CCDs), solar cells, and digital micro-mirror devices (DMDSs).

The present invention relates in general to

semiconductor devices and, more particularly, to a semiconductor
device and method of mounting a pre-fabricated shielding frame
over a semiconductor die for isolation from electromagnetic
interference (EMI) and radio frequency interference (RFI), or

other inter-device interference.

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), transistor, resistor,
capacitor, inductor, and power metal oxide semiconductor field
effect transistor (MOSFET). Integrated semiconductor devices
typically contain hundreds to millions of electrical components.
Examples of integrated semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices
(CCDs), solar cells, and digital micro-mirror devices (DMDs).

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

visual projections for television displays. Semiconductor



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power generation, networks, computers, and consumer products.
Semiconductor devices are also found in electronic products including military, aviation, automotive,
industrial O{:,ontrollers f;md ﬁi%edeq%ipgb?nt. . So%miecgggu%tg{ devicgs exploit the electrical

. deyices a ou fields nme . . )
properties o¥ semlcondeuc or materials. %e a]tomlc structure oFsemlcongudtor material allows its electrical

conductivityto belmahiputeted ibywhe apphieationiofran elettrictiald or tmougk tise process of doping.
Doping intigeuces mpuities into the,semiconduelor majeyal o manipulaje and ganiiol fe conductivity of
the semiconductor device. A semiconductor device contains active and passive electrical
structures.JActivecstiuctiresdinciugling transistoys rcohtroh the flew bé eleetricad etirent. Byevarying levels

of dopingi%%ggglicﬁiog Oq{@poeﬁ%tpg ,figgq,l She transistor ﬁtr%?{n pramotes or restricts the flow of electrical

current. Passive structures, including resistors, diodes, and inductors, create a relationship between
voltage and current ne€egsary 16! pefform devariety of&lerical furetiens CThel passive and active

structures ae, glecirically conpngcted g ferm cirguits. which, enakig the sgmiconduciprdgvice tp perform
highspeed calculations and other useful functions.
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
semiconductor material to manipulate and control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including
transistors, control the flow of electrical current. By varying
levels of doping and application of an electric field, the
transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, 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



Semiconductor devices are generally manufactured using two complex manufacturing processes, i.e.,
front-end manufacturing, and back-end manufacturing, each involving potentially hundreds of steps.
Front-end manufacturing involves the formation of a plurality of die on the surface of a semiconductor
wafer. Each die is typically identical and contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating individual die from the finished wafer

and packaging,the die {0 provide strugiura] support and environmental,isolation. _ ., Q0 goal of
semicondUctor manuf)ac]tourlng is %6 pro&uce Smallér semiconductor devices. Smaller devices tygically
consumeiless poves havechigherperfernfances and can berpraddced miore efficientdy. dn addition, smaller
sgmicorﬁijrcét\)fr.%eevi%? G%\%eu% aspwegllgr f%o]_;[%rig#lééyhécnhvisrdoensligggke anr :%rsrglilgr %% products. A _smaller die
size may'be achieve Ey mprovemen%m the ront-endlprocess resulting in oﬁe with smaller, higher
density active and pas$ive confponehtss Backaentiprocesses mayresult irosericonductod device

packages with a.smaller:footprint by improvements inglecirical interconnection; and packaging materials.

In high frequency applications, such as radio frequency (RF) wireless communications, integrated passive
devices (FRDs)are dftchscarnained Wit thel S&micdpauétor device ExamplesofdP Darindludedesistors,

capacitorg, and inductars A typicahRF system requirgs multipleslEDs-inone-er moge semiconductor

packages to perform the necessary electrical functions. However, high frequency electrical devices
generatelthdesite§ EMIL RF| L&t Biher intelBevite Iteffeferceb SacH a8 capacitiee, ifadctive, or

conductive-eeipling, alsg known as-cross-talk, w %C%m%rﬁef@\)@&h %@9@%1@& adiacent circuit
elements. The vertical electrical interconnection between stacked semiconductor packages and

external d&\Rcdd Earr bBHECBATRSAE With tbhtetive tidGgh siiEorr DR (FSV) ot #rdtigh hole vias
(THV). The dkiMs,argderrned ima pesiphetal regiop sreund the devige by driflingthrough enpgapsulant and

result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

In 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. However, high frequency electrical devices generate
undesired EMI, RFI, and other inter-device interference, such as
capacitive, inductive, or conductive coupling, also known as
cross—talk, which can interfere with the operation of adjacent
circuit elements.

The vertical electrical interconnection between
stacked semiconductor packages and external devices can be
accomplished with conductive through silicon vias (TSV) or
through hole vias (THV). The THVs are formed in a peripheral

region around the device by drilling through encapsulant and



filling the holes with conductor. Vertical conductive pillars can also be formed in the peripheral region prior
to encapsulation. Both vertical interconnection techniques consume manufacturing time and expense.
Summary of the Invention A need exists to provide vertical electrical interconnection and further
to isolate semiconductor die from EMI, RFI, and other inter-device interference. Accordingly, in one
embodiment, the present invention is a method of making a semiconductor device comprising the steps of

providing efabricated shielding frame, prqviding a sacrificial substrate, mqunting a semiconductor die
to the sagﬁﬁ%&] %%b%%?gte}}?nﬁeusntigr’létt e %f%}a%ﬁllﬁlé %%’me %r\e/é:rtth%asf)en%ggr%lucc or giepalnﬁot?L Sacrificial
substrate; @epesiting lam encapsdlant thrbeghy ¢thel shieldirlg framecaropnd ¢lre semiconductor die, and

removing g first pottion of the shidlging fiame 16 expese ne encapsylant Remoing the first pertion of the
shielding frame leaves a second portion o the shie ding frame over the semiconductor die as shielding
from interferentecThe methodfigrtkerdnelkdes tive steps of forming a first interconnect structure over the
semiconductor die, second portion of the shielding frame, and a first side of the encapsulant, removing
the sacrificial substrate, and forming a second interconnect structure over the semiconductor die and a
second side of the encapsulant oppoSH&RrirsP §idehst tRaepeipaitant. In another embodiment,
the present invention is a method of making a semiconductor device comprising the steps of providing a
pre-fabricated shielding frame, providing a sacrificial substrate, mounting a semiconductor die to the
sacrificial substrate, méumaRFthe*sHiéldingfrahe bvee theesdrmitohdBelr tietand sacrificial substrate,

depositing an-encapsulant through the shielding frame, arpund{bg segepdustordie, and removing a first
portion of the shielding frame to expose the encapsulant. Removing the first portion of the shielding frame
leaves a S¥dondiportiod st tRé SRfeldiRdg Framedvéithe SeRfiéGRERItES - die e SHidlditg flom iRterference.

The methad-fustherinchides, theistep o fasming a fisstinterconnest steuetyre eventhr semigonductor die,

second portion of the shielding frame, and a first side of the encapsulant.
semiconductor device comprising the steps of providing a pre-

fabricated shielding frame, providing a sacrificial substrate,
mounting a semiconductor die to the sacrificial substrate,
mounting the shielding frame over the semiconductor die and
sacrificial substrate, depositing an encapsulant through the
shielding frame around the semiconductor die, and removing a
first portion of the shielding frame to expose the encapsulant.
Removing the first portion of the shielding frame leaves a
second portion of the shielding frame over the semiconductor die
as shielding from interference. The method further includes the
steps of forming a first interconnect structure over the
semiconductor die, second portion of the shielding frame, and a
first side of the encapsulant, removing the sacrificial
substrate, and forming a second interconnect structure over the
semiconductor die and a second side of the encapsulant opposite
the first side of the encapsulant.

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

providing a pre-fabricated shielding frame, providing a



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a pre-fabricated shielding frame, mounting the shielding frame over a
semiconductor die, depositing an encapsulant through the shielding frame around the semiconductor die,
and removing a first portion of the shielding frame to expose the encapsulant while leaving a second
portion of the shielding frame over the semiconductor die. In another embodiment, the present
inventions g semiconductar,devie comprising, semiconductor die. and prefabiigateq shielding frame
mounted OVer the semiconductor die. ‘An encapsu?jan@t1 IS 8eposnne around ?he semiconductor die. A first
interconneetstrddtarenis forrhed vveea firstside obthehencaipsalant, rshidldmgdrame rarndhsemiconductor

die. Brief Descrplign of e RIavings . oc. s FIG; Afllusligles a printed dlcuit bogrd [FCB) with different
types of packages mounted to its surface; FIGs. 2a-2c illustrate turther detall of the
representativersandieondudtoopatkages nsouritéd tothee PEOB; around the semiconductor

die, and removing a first portion of the shielding frame to
expose the encapsulant. Removing the first portion of the
shielding frame leaves a second portion of the shielding frame
over the semiconductor die as shielding from interference. The
method further includes the step of forming a first interconnect
structure over the semiconductor die, second portion of the
shielding frame, and a first side of the encapsulant.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a pre-fabricated shielding frame, mounting the
shielding frame over a semiconductor die, depositing an
encapsulant through the shielding frame around the semiconductor
die, and removing a first portion of the shielding frame to
expose the encapsulant while leaving a second portion of the
shielding frame over the semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and pre-
fabricated shielding frame mounted over the semiconductor die.
An encapsulant is deposited around the semiconductor die. A
first interconnect structure is formed over a first side of the

encapsulant, shielding frame, and semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (PCB) with

different types of packages mounted to its surface;



FIGs. 3a-3g illustrate a process of forming a prefabricated shielding frame over a semiconductor die;

FIG. 4 illustrates stacked FO-WLCSP with prefabricated shielding frame mounted over the semiconductor
die and interconnected with conductive pillars; FIG. 5 illustrates the FO-WLCSP having
semiconductor die with TSV to ground the shielding frame; FIG. 6 illustrates the FO-WLCSP with
bond wires connected between the semiconductor die contact pads and bottom-side interconnect

structure;, and _ 'Eﬁi’s 7 ilyst_rgtcesitf?qu -Wlt_CSEuv%/'ttP1 an aggétgoinﬁl s?iegre\g layer formed arqur_ld
the semiconductor die betweeri the topside and bottom-side interconnect structures. Detailed Description
of the Drawimgssentative semiconductor packages mounted to the PCB;
FIGs. 3a-3g illustrate a process of forming a pre-
fabricated shielding frame over a semiconductor die;
FIG. 4 illustrates stacked FO-WLCSP with pre-
fabricated shielding frame mounted over the semiconductor die
and interconnected with conductive pillars;
FIG. 5 illustrates the FO-WLCSP having semiconductor
die with TSV to ground the shielding frame;
FIG. 6 illustrates the FO-WLCSP with bond wires
connected between the semiconductor die contact pads and bottom-
side interconnect structure; and
FIG. 7 illustrates the FO-WLCSP with an additional

shielding layer formed around the semiconductor die between the

topside and bottom-side interconnect structures.

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



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 2 supported by the following disdlosure and drawings, , ., Semigonductor devices are
generally manufactured using two corﬂplex manufacﬁmng processes: front-end manufac uring and
back-endfmamnafacturingt Fromtiendhinanufactudnginvolvesdhe farfrationadt aplurality of die on the
surtace of 3 semigandycior wafer, Each dig,on Ine wafer,conipips aclive, and passive electrigal
components, which are ef’éctrlcaﬁy connected to form funcfional electrical circuits. Active electrical
componems; suich asltearisistors) havaiee ability towdontiol dveeflew of eldctddal currenti Rassive electrical

components, such as canaciiars, inductors, resistors, and fransformers, creale 2 relatianship between

voltage and current necessary to perform electrical circuit functions. Passive and active
componepdarforhed GVeE the surfacaefithesemicondigcton®waey byid Beries ePprocess steps

includingoping, Aepositiop,; phatolithography, efching and.plaparization. Doping.iniroduces, impurities
into the semiconductor material by techniques such as ion implantation or thermal diffusion. The doping
process mddifieBafé efdctrical BORGGEHARY Of SBMmicsHtuctat falefialintactiveldevicess #hfisforming the

semiconc{tggrtmggpg@gltgm@mne@iwgtgﬁ@egyggggtth@@gq ag&c}ﬁ@q;@gmlsﬂemiconductor
material conductivity in response to an electric field. Transistors contain regions of varying types and

degrees 6fG6PiRg Gfranged dsriecedBarlyitd Ehable the transistor to promote or restrict the flow of

electrical current upon the application of anielectdisdisihent s aACtiveangpassive eoaponents are
formed by layers of materials with different electrical properties. The layers can be formed by a variety of

depositiontEEATGUES dERTMTTRRY N PHIEY tHe BPETE nidtefialbéing Jepbsited ot XARTPIE, thin film
depositionaay: dnvelvesehemigal vanas depostipndCMD)1 physiealawey depesitian (PYBY, electrolytic

pIaﬁng’%g(ljanarization. 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 a permanent
insulator, permanent conductor, or changing the semiconductor
material conductivity in response to an electric field.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of an electric field.

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 may involve chemical vapor deposition (CVD),

physical vapor deposition (PVD), electrolytic plating, and



electroless plating processes. Each layer is generally patterned to form portions of active components,
passive components, or electrical connections between components. The layers can be patterned
using photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the
layer to be patterned. A pattern is transferred from a photomask to the photoresist using light. 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 t hotoresist is removed, leaving behind a patterned
ayer. ASTCTLE Eome hes Bt e B parte P eh by ety JeBOLrg hd materal it he
areas or peidsdormed by afpremviops depositionfetelr process usigntechniques ssickias electroless and

electrolic aindy. o, o.D2rasiting adhinfim.oloaterial uey, ArLexisling paligr.can exaggerate the
underlying pattern and create a non-unitormly flat surface. A uniformly flat surface iIs required to produce
smaller and more denséh paeketractiveraritbpassive componentsy Pldnatizatidir cam dehused to remove

material fram the suifage of the wafer and.prodyce a yniformiy flat surfage. Rlanarization invglves
polishing the surface of the wafer with a polishing pad. An abrasive material and corrosive chemical are
added torhe sarface of theowater dusing Potishing. Phe Rombiretbmechaniealaction dfthe abrasive and

corrosive.actionf the ghemical removes any irreqularlopggraRy. Lesultingin g unifosmly flat surface.

Back-end manufacturing refers to cutting or singulating the finished wafer into the individual die and then
packagingthe Rife for Fruefurabsupgportait eénviforitaéitarn 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 the
material into the areas or voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

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

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

packaging the die for structural support and environmental



isolation. To singulate the die, the wafer is scored and broken along non-functional regions of the wafer
called saw streets or scribes. The wafer is singulated using a laser cutting device or saw blade. After
singulation, the individual die are mounted to a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads formed over the semiconductor die are then
connected to contact pads within the package. The electrical connections can be made with solder

bumps, stud.bumps, conductive paste, or wirebonds: Ap encapsulantor other molding matealls
deposne(iiL over the package to provide pﬁysmal support and électrical isofation: The Tinishe package is
then insestedrigtonaim elieetrical systénragd thesfunttioheality ef the semitedductor déviee ismade available

to the othe system components . FIG, %'Ilu ates.elect orli devic having a chip carrier
substratesérrprigneté?i circui%)b‘é]grdé fPCllg) 2 I\}%tﬁ élj B%galﬁﬁ %)?ger%\ico%\%ﬁgto%%l%%ﬁggeg ﬁ‘éﬁ%%ed on its
surface. Blectrenicdevdce. 10 Mdyelaviel one hpgelofrsenticenductor pacieaed oe nauttiple eypeseof

semicondugtar pagkages. degending on the aoplication. The difersnt tpes of sepiicanductor packages

are shown in FIG. 1 for purposes of illustration. Electronic device 10 may be a stand-alone
system thattises e semiconduttdr packages e perforpeaREIedtfical fuRetivm AlteRddtively, electronic

device 10 g1ayhe 8SUPCOMPODERL Of & [ATgeT-Sysien. Eorexample glaelropicdevice. 10 may be a

graphics card, network interface card, or other signal processing card that can be inserted into a

computePIhe sehiiedndicitr packerféccan ihtRide ifctoprotessotsmemoties, applicatioRapecific

integrateq} Cirguits, (ASICS)Iagic, Circuits, MIRY cirewts: i gireuits, discrets deyices,,en ather
semiconductor die or electrical components. In FIG. 1, PCB 12 provides a general substrate for

structuraPSUPOTERITY eRIREiCF intéreBRnBESHtRE sBRTIGIHREtdratkAgES RRslintdd bn the PCB.

Conductiyg sighgbtraces 14-arg forprgdsevera surfaca-er withindayers.of PGB 1241sirg gwaporation,
electrolytic plating, electroless plating, screen printing, PVD, or other suitable metal deposition process.

Signal tralde® 14 provitdior @ | BN cafici etk eh dathPdr the Sehficsiductdiiiadkages,
mounted Lempanents; rafeiethan externadt systens eempenants: dracesid-alse provide power and ground

o D B O e St RACKa0ES ponent 5.

FIG. 1 illustrates electronic device 10 having a chip
carrier substrate or printed circuit board (PCB) 12 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 10 may have one type of semiconductor package,
or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 10 may be a stand-alone system that
uses the semiconductor packages to perform an electrical
function. Alternatively, electronic device 10 may be a
subcomponent of a larger system. For example, electronic device
10 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 circuits, discrete devices, or



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 a carrier. Second level
packaging involves mechanically and electrically attaching the 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 wire bond package 16 and flip, chip 18, are shown pon PCB 12. Additionally, several
types of sgetc%% IS\?%]lp%%ﬂg%i%B?ﬁ]cﬁlj%?né) Baﬁ%ﬁg %rrrlagla(%éj&mf&%%ﬁg chip carrier (BCC) 22, dual
in-line package (DIP) 24, |ahdsgrid arag¥LGA) 6o miultechip medeleaMCM)y 28rquiad flatrnon-leaded
package (QEN) 30. 37 Qyad At packags 32.are show,mounied n PGB 12, Bepending upon the
system requirements, any mbination of semiconductor packages, configureélwith any combination of
first and secohddevelackagingkstyles, aswellas otheit lededtfdhic compdnettsyears bewahnected to
PCB 12. I some embodiments. electionic devige 10 Includes aisinglg attached semigonducior package,
while other embodiments call for multiple Interconnected packages. By combining one or more
semicondifciopackages vvera sirfglé shbstratel manbddctirers ean heorporate Pre-mdde components
into electronic devices and;systess, Becausethe semiconpductorhackages idyde sophisticated
functionality, electronic devices can be manufactured using cheaper components and a streamlined
manufacRFingPrbcess: Thedesifing eevicesrire YestSlikeRr to>fafl aheiess egpersive: fmanlfacture
resulting jp. loyer costs-for §ensuBetiami condbla-2a kUH%ﬁE%@éJQ”H%W@@&OEQ{dﬁa@f}éHQ'éf)ted on PCB

12. DIP 24 Includes semiconductor die 34 having contact pads 36. Semiconductor die 34 Includes an
active rediBf cohtiRing anaidtior digitardrctftERNPRiNiénted Hs4@ive devitesO passive davices,

conductiveslayerss aadshielesticlayers dermed withinesemicenduetor dian34 and.axe slectrically
Interconnected according to the electrical design of the die. For example, the circuit may Include one or

more trad&Stors Yiodes, inductors, capacitors, resistors, and other circuit elements formed within the
active region of die 34.1GoRtagtpads 36 are AMate with anconslugtive: materdal i sichas atminum (A1),
copper (Cu), tin (Sn), nicke%Ni), gold (Au), or silver (Ag), and are electricalléconnected to the circuit
elementsOMMad Within 8ie°34. Contattpads"36 are foried BiPPVD, TV RIBFIStic Brating, or
electroless:plating pracessa buriag assembiyl of DR 24 csemigonductoe diecdh isumountedlite aearrier 38
using a gold-silicon eutectjc I%ye(g of adhesive rﬂaterial such as_LthermaI epoxy. Tk&e package body
An SR A econ vefsﬁa AP P e S mitSS %fé%a lé an
Includes an insulative packaging materia ch aspo eror ceramic. Conductor leads
electrically attaching the carrier to the PCB. 1In other
embodiments, a semiconductor device may only have the first
level packaging where the die is mechanically and electrically
mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 28, guad flat non-leaded
package (QFN) 30, and quad flat package 32, are shown mounted on
PCB 12. 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
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40 are connected to carrier 38 and wire bonds 42 are formed between leads 40 and contact pads 36 of
die 34 as a first level packaging. Encapsulant 44 is deposited over the package for environmental
protection by preventing moisture and particles from entering the package and contaminating die 34,
contact pads 36, or wire bonds 42. DIP 24 is connected to PCB 12 by inserting leads 40 into holes formed
through PCB 12. Solder material 46 is flowed around leads 40 and into the holes to physically and
electricallé/lceoC nect IlDIP 24 1o PD%B t152 Sg(ladrgr matgriglnég ﬁgrﬁb a C@%@I or eJL;ectriScoallg conductive
material, €.g., Sn, fead (ﬁ%lfxp&u, ,&g, Cu, zInc }()fn), Bismuthini e?%l? alloys ﬁereolp, with an optional
flux matesiab &b rexatrple,dhe sotden imatédalican Be eutecticBr¥Pb, bighdéad adrieadi-diée. FIG.
2b lllustrates further detail of BCC 22 mounted on.PCB 12. Semi uctor die 47 is connected to a
carrir by ui B S TG S B & At o PCR L7 Wi B g second
level packaging cSenwcgreiictor died# haviryy comabtipadsiA® issmountedroves encarfierdusingan

underfill orepoxyzresin adhesive material 50, Semyiconduetordie A7, ncludes an:active regiop containing
analog or digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric
layers fo@ﬁéﬁmﬁﬁf\ SEImieoNuEter éiifét«ﬂ?? aﬂaéfa*ﬁéf@lét@rimyjlm%ﬁcmcﬁédsé@@ﬁding to the electrical
design offhe die. Fanexample the circuis may, include-one, on mete tapgistars diedgs, inductors,
capacitors, resistors, and other circuit elements formed within the active region of die 47. Contact pads 48
are made- With el coithictiVe nfateR&IT SHET aS AT 1CE SSKH AN, PRI, BRAGT and wre @lettricly connected to
the circuit glements fopmed within dig 42 Gentagknads48 are formed by RY D, LR electralytic plating,

or electroless plating process. Wire bonds 54 and bond pads 56 and 58 electrically connect contact pads

48 of serieSHdUICtBF dRA 7 to°Coratt paifsss2 6FBEC 22 fdrning Heifirst fevel FRESYING. NMiblding

compoung-erencapsulant 683 depesited avefsemieerducter-die s wikedaonds 54, contact pads 48,
and contact pads 52 to provide physical support and electrical isolation for the device. Contact pads 64

are formed over a surfacé€ of BEB 12 HSihgEvapofation efectrohic pl&tih g Hlectiol B BIARAg, screen

printing, BMDrop other suiablesnetalh depasition pracessanctare typisaty plated toypreyeatexidation.
Contact pads 64 electrically connect to one or mare, conductive signal traces 14. Solder material is

deposite® BEfveth comatt Fads s bPBCT 52 Ahd dontad padd B4 PER 12 Thesolder material is
reflowed t@ fara bumgs H6avbigh dermi agneehanical @nt-electricakeeninestion bebaweeryBCC 22 and PCB
12. In FIG. 2c, semicon%#ctor die 18 is naour%ted faie down to carrie ,76lwitr% a.flip chip style first
level pacﬁgéfiﬁﬁ?éGAp 50 is ditached to PCB 12 Withh a BEA s%;}ll%rssé’coﬁ& evel %a%l%agﬁﬁﬁ . Active region
70 contaihing=analog onelyital cinduitsslenplementedtas adtive ddviees] passive ldevioese edaguctive layers,
and dieleftrjccelgggrs fordr]:?egngithin §%micongggthg dit%e }é iscelecgr&ca(lj{génterconpegg—:'d %ccording to the

electrical cﬂaagn of the éarcecx%mﬁkral,gthe circuit may include one or more ?ranss?ors,l gibdes,

inductors; capacitong, lresistdrs, and othier oireyit efements formed withincactiveaegiont 0 ef

e e S e 10 el resgel ptesied acarer o
elements formed within the active region of die 34. Contact
pads 36 are made with a 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 die 34. Contact pads 36 are formed by PVD, CVD,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a carrier
38 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. Conductor leads
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Solder bumps 78 are formed over bump pads or interconnect sites 80, which are disposed on active
region 70. Bump pads 80 are made with a conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed in active region 70. Bump pads 80 are formed by
PVD, CVD, electrolytic plating, or electroless plating process. Solder bumps 78 are electrically and
mechanically connected to contact pads or interconnect sites 82 on carrier 76 by a solder reflow process.

BGA 20 iz (?I%crtricall and megh%nicall ttach toa%nglz by 84%[95 Q&mber offigg%/iedéjal conductive

a
solder bumps or bal sn§§CFhee solder urﬁﬁgrére ormed o&é:rebump pads or fnterconnect sites 84. The

bump pats B4erre elecircally(conme ctedhtodntercomirect Sites 82 tkrosighxonauctiveslinds=9@ touted

through ca r'%r 76. Contagt p ds 88 ar fomled over a surface of PCB.12 usin org ion, electrolytic
plating, e]?é{lc%rozfléjlslsn|c(53iélting,nsccz%?1 en p?lﬁ?lcng, P\/lli (%?éé)tﬁgrl %i?ab?g ?ﬁ:etg (?eﬁjo%%%lggrocégs and are
typically platad-topreventloxidaticr: Comadtpads88electrically cohmect te ohersrmhoreleonductive

signal traf?%#el’é%é?@f@ﬁ‘é“%%@ AR elegl iC&'JX@Qﬂi’H%‘E‘l@QjC%{%C%“E‘,e‘%e&t@a%o{“%%&éds or

bonding pads 88 on PCB 12 by asolder reflow process. Molding compound or encapsulant 92 is
deposited bversericondactod diett8 anB Hardet 76stoproviietsiysical BGPpart ahd electrical isolation for

the device, The fli,chip semicondugierdeyice. provides-a shait slegtrical conduction,path,from the active
devices on semiconductor die 18 to conduction tracks on PCB 12 in order to reduce signal propagation
distance Méwer édpacifanté, ar@RproveBefall Eirctit petfaritantet mh &AGthePémbotiiment, the

semicongygiar; dig 18 can, be mechanically 1and glectrically attached direetty to,PCBgl2 using flip chip
style first level packaging without carrier 76. FIGs. 3a-3g illustrate a process of forming a

semiconditittSrpdckage it a pfe-FabridaRed Shieldifd Riyef pRckover Rehfidoritfuctor die in a fan-out

wafer levghehip sgale packagedFO-WAESP) ) Gy 3a, Asactifigial substrgie pr carrier 100 contains
dummy or sacrificial base material such as silicon, polymer, polymer composite, metal, ceramic, glass,

glass epdkySBeRHidh Bxidel b otfdtSuftabRYISW St SRfid niatehaldr Utk S8Rficondtittor material for

structurakSupoitl . For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free.

FIG. 2b illustrates further detail of BCC 22 mounted
on PCB 12. Semiconductor die 47 is connected to a carrier by
wire bond style first level packaging. BCC 22 is mounted to PCB
12 with a BCC style second level packaging. Semiconductor die
47 having contact pads 48 is mounted over a carrier using an
underfill or epoxy-resin adhesive material 50. Semiconductor
die 47 includes an active region containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 47 and are electrically interconnected
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements formed within
the active region of die 47. Contact pads 48 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are

electrically connected to the circuit elements formed within die

-12-



An interface layer 102 is applied to carrier 100 with heat or light releasable temporary bonding film. The
interface layer 102 can be one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitride (SiON), organic film, or metal film with wet etching selectivity. The interface layer 102 is
deposited using lamination, PVD, CVD, printing, spin coating, spray coating, sintering, or thermal
oxidation. The interface layer 102 can be a temporary bonding film or etch-stop layer.

Semiconductor die, 104.are mounted to intetace Javer 102, Fachsemicqnducton die 104 includes analog
or digital circuits’imp emented as active an passive devices, conductive ?_ayers, And dielectric layers
formed ovértopsige active strface 196sarmd electrivally interconnedtedeadeording fal threnelettrical design

of the die oL e§gmgrlled t@% Cg%ig@ray igglydeggg Qr more tr résci%tor%cgé'och%s, %]d other circuit elements
formed vv]?t In active surface 106 to imp ement baseband cﬁglta circuits, such as digital signal processor
(DSP), meanorycodothep sighakprocessing @ircait.tSemitonddctof di- €02 mdicalss wontdie integrated
passive deyjags (2D) sushaspduelors. canadiars. apddesistars. (of adio reguengy (RE) signal
processing. Contact pads 108 electrically connectto active and passive devices and signal traces within
active suffape 1069t serfcorditioradidyopor die Fhe IPDsGN Benficondtictordic 104 previde the

electrical gharactgristics,needed fat high frequency applications, such as resonators, high-pass filters,

low-pass filters, band-pass filters, symmetric Hi-Q resonant transformers, matching networks, and tuning

capacitor31 FRE TPD3 tah el asedPas froht-eR viRTESEERF domipcteht®aftfick tan e posisted
between the antenpa.and teanseeives. The IRR indusiorcanbe a-hi-Q balun, rapsiasmer, or coil,

operating up to 100 Gigahertz. In some applications, multiple baluns are formed on a same substrate,
allowing RtftbaAd operitioh® FBF éxarmhple: ifo of FiGre batins are"sed it qGad-pahaFor mobile

phones ogethenglebalsystera ygnebile (GEM) cosynunigations, ©ash halun,dedigated fora frequency
band of operation of the quad-band device. ,

prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is
deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
which form a mechanical and electrical connection between BCC 22
and PCB 12.

In FIG. 2c, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging. BGA
20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is 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 active
region 70 of semiconductor die 18. Semiconductor die 18 1is
electrically and mechanically attached to carrier 76 through a

large number of individual conductive solder bumps or balls 78.
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A typical RF system requires multiple IPDs and other high frequency circuits in one or more
semiconductor packages to perform the necessary electrical functions. The high frequency electrical
devices generate or are susceptible to undesired electromagnetic interference (EMI), radio frequency
interference (RFI), or other inter-device interference, such as capacitive, inductive, or conductive
coupling, also known as cross-talk, which can interfere with the operation of adjacent or nearby circuit
elements To reduce inter-device interference, a pre-fapricated shielding frame 110 is mounted
over semSa AR T 104 e Ak ayoh 102, B thoRtem st Jacis SHiading HARE 110
includes aGlat platel 14 weithia plurality of hodiesi VilasttdiantegvatedBiitipplatel $1 8 @ndrseparated by
cavities a6d§09‘1ec3nl]a4af flr}ﬁﬁb 1%% ?pagﬁ 1r4if gre sgglcgllenatlé/ ttA] ktg ue,xt nd d%\gn t%lnteréace layer
4 and:L W e

102. Bodies 114a, 114c, 114 ecome conductive pillars, as described beldw. Bodies 114b

and 1_14e3sar»e t@i}ihe@ltl@arfb@@i‘es J'lqalh,lm&l:@,meﬂ@;aﬁdtlQ41f?]t_t§iaGdommt_fdat_ﬁel§emitbﬁductor die 104. A
plurality of apenings Lz fedormed drgoh platednio, cavities 116 Shielding rgmey4Lo can be Cu, Al

ferrite or carbonyl iron, stainless steel, nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy,
conductive/fesire ehetatheér etals kb icomposites kapablelsitlocking onabsadifPEMI, RFI, and other

interference; Sbjelding frame 110.can,alsq be ananymetal matetial such ?%_C@S?Q{E@l@&!ﬁ of @luminum
flake to reduce the effects of EMI and RFI. The bod>|/es 114b and 114e of shielding frame 110 contact a

back surfa@e ot senficshtuetoridié 202 Upposite athve strfacs 106541 DptidRal@dhesie stthermal
interface Faateral canbe applied to the back surface of semiconductor die 104 prior to mounting shielding
frame 110. FIG. 3c shows an encapsulant or molding compound 118 deposited over

semiconductor die 10455d itertateflaFer T6Z BsihYg £ pastesrinting Cedmpressha hsing transfer
molding, tiggidiencapstlant maldingyaRcUUSE laminatiar, Rf 10thensuitable,applicater: Thergnsapsulation
process disperses encapsulant 118 through openings 112 into cavities 116 below shielding frame 110.

Encapsuf@ht 228 tan e polyiier S8 Tposite Waterial Sudly BB EPoRY Fésif With flRf-Seidxy acrylate with
filler, or pohtaecwith prapers fitles Bcapsulaat AiHis paa-copductive andeavitenimertally protects the

semiconductor device from external elements and contamjinants. , ,
connected to interconnect sites 82 through conductive lines 90
routed through carrier 76. Contact pads 88 are formed over a
surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable
metal deposition process and are typically plated to prevent
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 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 18 to conduction tracks on PCB 12
in order to reduce signal propagation distance, lower
capacitance, and improve overall circuit performance. 1In

another embodiment, the semiconductor die 18 can be mechanically
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In FIG. 3d, grinder 120 removes a portion of shielding frame 110, including plate 111, down to openings
112 to expose encapsulant 118 in cavities 116. The bodies 114b and 114e of shielding fame 110 remain
over the back surface of semiconductor die 104 to provide the desired EMI and RFI isolation for the die.
The remaining portion of shielding frame 110 between semiconductor die 104 becomes conductive pillars
or posts 114a, 114c, 114d, and 114f for vertical z-direction interconnection. In FIG. 3e, a topside

build-up interconnect structure 124 is formed.over encapsul 18, bodies 114h and 114e of shielding
fame 110, nd GORCc e A 1106 THS ST bl el BUlt o iehnneit Sructure 124
includes an electricallytcoheluefiver layer 426 Jonmedchover shieldingrfraife 110 and conductive pillars 114a,

114c, 114d, and 114f ipf, tions or orti9 S using, a patterning and epQ iti%ng ocess. Conductive layer
126 is formed using PVD,8 \'/D%,saele3c ro yt%up gt]frla%t,%elegct oﬁéljs% EI%tir%g prc?é:es%, ér Gther suitable metal
depositioagiocessl Gonductive ke 126 idandecore 6p mote dayets o A 1CU,18n, INiy A, Ag, or other

suitable electiicglly canductiye matarjal. Qe partion of conductiye Iauer 126 electricafly gonnects to
conductive pillars 114a, 114c, 114d, and 114f. Other portions of conductive layer 126 can be electrically

common 9¢f @lectiteatlydsslatdddefending on e HéSign 3hd faneisi oftheisemisohdiictet die.
An insulatipg or passivation layer 128.4s formed ovsr encapsulant 118, 0adieg 114h and 114g0f shielding

layer 110, and conductive layer 126. The insulating layer 128 can be one or more layers of 5i02, Si3N4,
SION, tarftaluit peffdkidé>CLazbsy,  alBRiniif BxERAIZ0D S or Btler MatERaFTaving Sikfiaf insulating

and structurak propesties. Theripsulating layesd 28,is dapasited wsing 2 ¥D; GYD, Jurinting; spig coating,
spray coating, sintering or thermal oxidation. A portion of insulating layer 128 is removed by an etching
process 058 tonbubivelayeri2erductoraRaiceticatly ‘cohdacielayer 136 fornidd-over

insulating layer 128 angconguetive; layen 126 in sections Qrportiens using a-pattarningoang deposition
process. Conductive layer 130 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electricalfFéondictive Hdteriall Bndg5orfior %WBGﬁ&\féﬁvQ?%%Of&éaricaﬁ)}‘ﬁoﬁﬁ&% & €6nductive
layer 1261 Sther paortions ©f senductivedayerl30 eanr:be elgctrcallycommon:or @tectdcally)isolated

dependinsgiolnitchgnd%sii%r} ?chi flJ(r%c:itgohrTlélcgf thg isiariné%%ndougtor,devjce. , ,

, ynitride (SiON), organic
film, or metal film with wet etching selectivity. The interface
layer 102 is deposited using lamination, PVD, CVD, printing,
spin coating, spray coating, sintering, or thermal oxidation.
The interface layer 102 can be a temporary bonding film or etch-
stop layer.

Semiconductor die 104 are mounted to interface layer
102. Each semiconductor die 104 includes analog or digital
circuits implemented as active and passive devices, conductive
layers, and dielectric layers formed over topside active surface
106 and electrically interconnected according to the electrical
design of the die. For example, the circuit may include one or
more transistors, diodes, and other circuit elements formed
within active surface 106 to implement baseband digital
circuits, such as digital signal processor (DSP), memory, Or
other signal processing circuit. Semiconductor die 102 may also

contain integrated passive devices (IPD), such as inductors,
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An insulating or passivation layer 132 is formed over insulating layer 128 and conductive layer 130. The
insulating layer 132 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. The insulating layer 132 is deposited using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. A portion of insulating layer 132 is
removed by an etching process to expose conductive layer 130. In FIG. 3f, substrate 100 and

interface éa%%eaq 1logoarrg regnggegebyicskkforp:igal eftchin a@f“gh Qié:ahg%ecl-off<ﬁl\£Psrinecg?nical grinding,
thermal bake, faser scanning, or wet strippihg. R'bottom-side buoﬂd-up interconnect structure 134 is
formed operercapsufant 148nsemicapeldetor die 04 candicenductive pilkars 114aatidic;d 14ddand 114f.

The buidyup inferconnet stuetye 134 lncludes an.elegticall, canduive Jayer 136 fppped over

encapsul%ﬁt 18 and con ive pillars™114a, 114 114t in sections or portions using a

patterning @nddepdsitionpracess. Conductive layer 136 is formed using PVD, CVD, electrolytic plating,
electroless plating procgss, %B@e[ﬁu-g%m? é’g%t@hg%%(%sim% p.ﬁqggsgrggnig%ctie/géayer 136 can be one

or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. One portion of
conductivelRger 136 elettically tconhetts1s conddetive pitalsibidal 1a46e114d, and 114f. Other portions

of condueliyelayer 36, can be. slecticallycammondr sledricallisolatad depending apdthe design and
function of the semiconductor die. An insulating or passivation layer 138 is formed over
encapsulant 1 £8 SserhiebRdRR6Edie 10E Bhd corffiielive fayer 196 TR hsfating layer 138 can be one

or more layersof 5102, S13NASION,TaR05,A1203, or ather material having sipilar inswlating and
structural properties. The insulating layer 138 is deposited using PVD, CVD, printing, spin coating, spray
coating, SiRteFingBt thermiaSkidstioh” APoreidA of instilfiing 18Yerc L3 R 8Roved efching process

to exposg eopductivedayel k3G ween tH¥ elgetically sanductivedayeri40 formed omen insulating layer
138 and conductive layer 136 in sections or portions using a patterning and deposition process.

Conductive Tfer AA0Gh B ofte of TrorBddyets of A3 NEDG OSSN, AUE AT of ot SERABR%IEE rically
conductivesmateyiat.iQaaertion ofieondustive fayer 440 eleciricallyl eansesttoieondugtive layer 136.
Other portions of conductive layer 140 can be eIectricaIII%/ common or electricallyalésolated dgginding on

the desigh%AmitFfingtiort of HE séiRohAACDr davicg™ 119 multi-band operation.

example, two or more baluns are used in a quad-band for mobile
phones or other global system for mobile (GSM) communications,
each balun dedicated for a frequency band of operation of the
quad-band device.

A typical RF system requires multiple IPDs and other
high frequency circuits in one or more semiconductor packages to
perform the necessary electrical functions. The high frequency
electrical devices generate or are susceptible to undesired
electromagnetic interference (EMI), radio frequency interference
(RFI), or other inter-device interference, such as capacitive,
inductive, or conductive coupling, also known as cross-talk,
which can interfere with the operation of adjacent or nearby
circuit elements.

To reduce inter-device interference, a pre-fabricated
shielding frame 110 is mounted over semiconductor die 104 and

interface layer 102, as shown in FIGs. 3a-3b. Shielding frame

-16-



An insulating or passivation layer 142 is formed over insulating layer 138 and conductive layer 140. The
insulating layer 142 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. The insulating layer 142 is deposited using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. A portion of insulating layer 142 is
removed by an etching process to expose conductive layer 140. An electrically conductive solder

material i dgnosited gyer conductive Jayer 1pusing an evaporation, slectrolyli plating, lectroless
plating, ball drop, or screen printing Brocess. he Solder material tan be any metal or electrically
conductiviel rhaterial egiga tSn NijlAb, AgaPb, Bil andralloys tirereot; avithyarr eptignad $lux waterial. For

example, the so delrquateriﬁlﬁ n b?f&‘ ctic S /lf‘t't)4 igh-lea c%rfle d-fr & Th /S0 ql{er material is
reflowed%?/%le%%ing the ’mate%%l’aboveéﬁ’s r%g%]ng po?lntglt]cf)%orgr’rtl1 sp gﬁceﬂ alls %r Jbémptsol44. In some
applicaticrst solded bumpscl 4 arerrefloweday secorltime Bo dmprovelelectricalicontadt4d conductive

layer 142, .5 114 §%’Hi‘£(i”%%%%%ieé%d%rgtsﬂ%ugrfﬂl"é’% saw blade af lasey cuting, device 146 into

individual semiconductor devices 150, as shown in FIG. 3g. After singulation, the individual
semicondiftidiedeviced150:¢an besstacked; assmewntinF1Go4d Condhétid pillarscl14al 4d 4c, 114d, and

1141 provigey znteFconnect hepyeen topside iniercennact build-up layer 124 and boitomgside interconnect

build-up layer 134. Conductive layer 126 and 132 electrically connect through conductive pillars 114a and
114c to coRBiéfmESlayérs 136 ARATA0 dnercoHtactparisS108 8f Sethitofdictbr-8ie 104 The bodies 114b

and 114esef;shielding framed 10;provide iselatign for;semicondyctopdie 104-frommEMLRFI, and other
inter-device interference. The bodies 114b and
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, epoxy, conductive resin, and other metals and
composites capable of blocking or absorbing EMI, RFI, and other
interference. Shielding frame 110 can also be a non-metal
material such as carbon-black or aluminum flake to reduce the
effects of EMI and RFI. The bodies 114b and 11l4e of shielding
frame 110 contact a back surface of semiconductor die 104
opposite active surface 106. An optional adhesive or thermal
interface material can be applied to the back surface of
semiconductor die 104 prior to mounting shielding frame 110.
FIG. 3c shows an encapsulant or molding compound 118
deposited over semiconductor die 104 and interface layer 102
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator. The encapsulation process disperses encapsulant 118
through openings 112 into cavities 116 below shielding frame
110. Encapsulant 118 can be polymer composite material, such as
epoxy resin with filler, epoxy acrylate with filler, or polymer
with proper filler. Encapsulant 118 is non-conductive and
environmentally protects the semiconductor device from external

elements and contaminants.
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114e of shielding frame 110 can be connected to a low-impedance ground point through interconnect
structure 124 or 134 or conductive pillars 114a, 114c, 114d, and 114f. The bodies 114b and 114e of
shielding frame 110 eliminate the need for separate EMI shielding, as found in the prior art, which adds
time and cost to the manufacturing process. The bodies 114b and 114e of shielding frame 110 also
provide for dissipation of heat generated by semiconductor die 104. The bodies 114a, 114c, 114d, and
114f of shielding framel%l(%:iuéa c%rgjuctive IE)(i}{lears ??hrdn%%[%d between in%%rfgnne:ﬁ SéEPfMg% n124 and

134. FIG. 5 shows another émggd‘lmeﬁ of the semﬁ:\é%augtogaewce.nlno iS case, sen%conductor

device 152 mciudesGhroughlsiicomovias §£8V) 154 formed incsemieondyctol die 104he¥8W¥sd54 are
formed bg I@é%hir%% %ggllim a vii% tlgr?()\lsjg\l%/fg% syifgn mqiﬁgag%fgleggiceq%ctgggielll%earg) filling the via
] W . . : :

with Al, Cu, Srﬁ u, Ag, titanium or other suitable electrically conductive material. The bodies
114b ancshi4e dfi shieldingeframe TEnarenelevkically:eoftmatted tirbagh 1SVs 152 ito coAtact pads 108

and intergonnedt strugture. 134 ,aceqrdingly, 13y 1ad.proxidesa-condyction path from badies 114b and

114e of shielding frame 110 through contact pads 108 and interconnect structure 134 to an external
low-impedafce giditdgsiatning PEIGI eshoivsSemitdnddctdirdévice 180hsitivactive surface 106

and contaglpads,108-efsemicandycior,die 14 orienigd fage, Up Gontact pads 108 ace elegtrically

connected to interconnect structure 134 through bond wires 162. Bond wires 162 can be one or more

layers of Al,ACu, Si,4i; AR Agl 6 bther Suitable ietectriéalfiicoitiutfiVe hiEtEHAICENRGCE SREws

semiconductor device 14 mith additional+ 5pside build-up interconnect structure
124 is formed over encapsulant 118, bodies 114b and 114e of
shielding frame 110, and conductive pillars 114a, 114c, 114d,
and 114f. The build-up interconnect structure 124 includes an
electrically conductive layer 126 formed over shielding frame
110 and conductive pillars 114a, 114c, 114d, and 114f in
sections or portions using a patterning and deposition process.
Conductive layer 126 is formed using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 126 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. One portion of conductive layer 126
electrically connects to conductive pillars 114a, 114c, 114d,
and 114f. Other portions of conductive layer 126 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor die.

An insulating or passivation layer 128 is formed over
encapsulant 118, bodies 114b and 1l4e of shielding layer 110,
and conductive layer 126. The insulating layer 128 can be one
or more layers of Si0O2, Si3N4, SiON, tantalum pentoxide (Ta205),
aluminum oxide (Al1l203), or other material having similar

insulating and structural properties. The insulating layer 128
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shielding layer 166 formed between interconnect structures 124 and 134. Shielding layer 166 can be Cu,
Al, stainless steel, nickel silver, low-carbon steel, silicon-iron steel, foil, epoxy, conductive resin, and other
metals and composites capable of blocking EMI, RFI, and other inter-device interference. 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 presentinyention as et farth in the fallowing claims,, Slaims What Is claimed:
coating, sintering or thermal oxidation. A portion of
insulating layer 128 is removed by an etching process to expose
conductive layer 126.
An electrically conductive layer 130 formed over
insulating layer 128 and conductive layer 126 in sections or
portions using a patterning and deposition process. Conductive
layer 130 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. One portion
of conductive layer 130 electrically connects to conductive
layer 126. Other portions of conductive layer 130 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device.
An insulating or passivation layer 132 is formed over
insulating layer 128 and conductive layer 130. The insulating
layer 132 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and
structural properties. The insulating layer 132 is deposited
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. A portion of insulating layer 132 is
removed by an etching process to expose conductive layer 130.
In FIG. 3f, substrate 100 and interface layer 102 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. A bottom-side build-up interconnect structure 134 is
formed over encapsulant 118, semiconductor die 104, and
conductive pillars 114a, 114c, 114d, and 114f. The build-up
interconnect structure 134 includes an electrically conductive

layer 136 formed over encapsulant 118 and conductive pillars

114a, 114c, 114d, and 114f in sections or portions using a
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1. A method of manufacturing a semiconductor device, comprising: providing a pre-fabricated shielding
frame; providing a sacrificial substrate; mounting a semiconductor die to the sacrificial substrate;
mounting the shielding frame over the semiconductor die and sacrificial substrate; depositing an
encapsulant through the shielding frame around the semiconductor die; removing a first portion of the
shielding frame to expose the encapsulant, wherein removing the first portion of the shielding frame
leaves a gg%%ned ggrg{gn of éh% ggloeldlnq frgmperg\éer the segncc()iq1 CLJCCRred@ as shlﬁlgiéngifgom interference;

formed using PVD, CVD, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive

layer 136 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material. One portion

of conductive layer 136 electrically connects to conductive

pillars 114a, 114c, 114d, and 114f. Other portions of

conductive layer 136 can be electrically common or electrically

isolated depending on the design and function of the

semiconductor die.

An insulating or passivation layer 138 is formed over
encapsulant 118, semiconductor die 104, and conductive layer
136. The insulating layer 138 can be one or more layers of
Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating and structural properties. The insulating
layer 138 is deposited using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 138 is removed by an etching process to expose
conductive layer 136.

An electrically conductive layer 140 formed over
insulating layer 138 and conductive layer 136 in sections or
portions using a patterning and deposition process. Conductive
layer 140 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. One portion
of conductive layer 140 electrically connects to conductive
layer 136. Other portions of conductive layer 140 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device.

An insulating or passivation layer 142 is formed over

insulating layer 138 and conductive layer 140. The insulating
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forming a first interconnect structure over the semiconductor die, second portion of the shielding frame,
and a first side of the encapsulant; removing the sacrificial substrate; and forming a second
interconnect structure over the semiconductor die and a second side of the encapsulant opposite the first
side of the encapsulant. 2. The method of claim 1, wherein removing the first portion of the shielding
frame leaves a third portion of the shielding frame around the semiconductor die which provides a

conductiye pllar slestrically gonnegted betyieen the first and secand interegnnetyotyes, o3 The
method of ciaim ,urtﬁer mcleudlng:

Al1203, or other material having similar insulating and

structural properties. The insulating layer 142 is deposited

using PVD, CVD, printing, spin coating, spray coating, sintering

or thermal oxidation. A portion of insulating layer 142 is

removed by an etching process to expose conductive layer 140.

An electrically conductive solder material is
deposited over conductive layer 140 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 144. 1In some applications, solder bumps 144 are reflowed
a second time to improve electrical contact to conductive layer
142.

Semiconductor die 104 are singulated with saw blade or
laser cutting device 146 into individual semiconductor devices
150, as shown in FIG. 3g. After singulation, the individual
semiconductor devices 150 can be stacked, as shown in FIG. 4.
Conductive pillars 114a, 114c, 114d, and 114f provide z-
interconnect between topside interconnect build-up layer 124 and
bottom-side interconnect build-up layer 134. Conductive layer
126 and 132 electrically connect through conductive pillars 114a
and 114c to conductive layers 136 and 140 and contact pads 108
of semiconductor die 104. The bodies 114b and 11l4e of shielding
frame 110 provide isolation for semiconductor die 104 from EMI,

RFI, and other inter-device interference. The bodies 114b and
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stacking a plurality of the semiconductor devices; and electrically connecting the stacked semiconductor
devices through the conductive pillar. 4. The method of claim 1, further including providing an opening
through the shielding frame to disperse the encapsulant into cavities below the shielding frame. 5. The
method of claim 1, further forming a through silicon via in the semiconductor die to ground the shielding
frame. 6. The method of claim 1, further including forming a bond wire between contacts pads of the
semiconcil.ici%r %i% antgiitg? Secon }rggr@cqp{lgct stru(r?ture. 7.Th rengtq:od of cllgiwrrll fur@erqicrécluding

. can e connec . a 1 a
forming a shielding I%yer around the semiconducior die between the first and secong‘]?n?erconnect

structuregr 8uAdnethodtof rhamufabturinger semiconductor devicegcdprisngl 34 or
conductive pillars 114a, 114c, 114d, and 114f. The bodies 114b
and 1l4e of shielding frame 110 eliminate the need for separate
EMI shielding, as found in the prior art, which adds time and
cost to the manufacturing process. The bodies 114b and 114e of
shielding frame 110 also provide for dissipation of heat
generated by semiconductor die 104. The bodies 114a, 114c,
114d, and 114f of shielding frame 110 are conductive pillars
connected between interconnect structures 124 and 134.

FIG. 5 shows another embodiment of the semiconductor
device. In this case, semiconductor device 152 includes through
silicon vias (TSV) 154 formed in semiconductor die 104h. TSVs
154 are formed by etching or drilling a via through the silicon
material of semiconductor die 104 and filling the via with Al,
Cu, Sn, Ni, Au, Ag, titanium (Ti), W, or other suitable
electrically conductive material. The bodies 114b and 11l4e of
shielding frame 110 are electrically connected through TSVs 154
to contact pads 108 and interconnect structure 134.
Accordingly, TSVs 154 provide a conduction path from bodies 114Db
and 114e of shielding frame 110 through contact pads 108 and
interconnect structure 134 to an external low-impedance ground
point.

FIG. 6 shows semiconductor device 160 with active
surface 106 and contact pads 108 of semiconductor die 104
oriented face up. Contact pads 108 are electrically connected
to interconnect structure 134 through bond wires 162. Bond
wires 162 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material.

FIG. 7 shows semiconductor device 164 with additional
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providing a pre-fabricated shielding frame; providing a sacrificial substrate; mounting a semiconductor
die to the sacrificial substrate; mounting the shielding frame over the semiconductor die and sacrificial
substrate; depositing an encapsulant through the shielding frame around the semiconductor die;
removing a first portion of the shielding frame to expose the encapsulant, wherein removing the first
portion of the shielding frame leaves a second portion of the shielding frame over the semiconductor die

aSSmem%ﬁh@%ﬁﬂ@g”?§¥§§;?88 formed between interconnect structures 124
and 134. Shielding layer 166 can be Cu, Al, stainless steel,
nickel silver, low-carbon steel, silicon-iron steel, foil,
epoxy, conductive resin, and other metals and composites capable
of blocking EMI, RFI, and other inter-device interference.

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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forming a first interconnect structure over the semiconductor die, second portion of the shielding frame,
and a first side of the encapsulant. 9. The method of claim 8, further including forming a second
interconnect structure over the semiconductor die and a second side of the encapsulant opposite the first
side of the encapsulant. 10. The method of claim 9, further including forming a shielding layer around the
semiconductor die between the first and second interconnect structures. 11. The method of claim 9,
wherein removing the first portion of the shieldingd‘iame leaves a third portion of the shielding frame

. . . . 1ms . i
around the semiconductor die which provides a conductive pillar connected between the first and second
interconnect structures. 12. The method of claim 11, further including: stacking a plurality of the
semlcon%cé%r qeswca::elsa'1 f}ﬁg OF:Iectrlcally connecting the stacked semiconductor devices through the
conductive pillar.

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

providing a pre-fabricated shielding frame;

providing a sacrificial substrate;

mounting a semiconductor die to the sacrificial substrate;

mounting the shielding frame over the semiconductor die and
sacrificial substrate;

depositing an encapsulant through the shielding frame
around the semiconductor die;

removing a first portion of the shielding frame to expose
the encapsulant, wherein removing the first portion of the
shielding frame leaves a second portion of the shielding frame
over the semiconductor die as shielding from interference;

forming a first interconnect structure over the
semiconductor die, second portion of the shielding frame, and a
first side of the encapsulant;

removing the sacrificial substrate; and

forming a second interconnect structure over the
semiconductor die and a second side of the encapsulant opposite

the first side of the encapsulant.

2. The method of claim 1, wherein removing the first portion
of the shielding frame leaves a third portion of the shielding
frame around the semiconductor die which provides a conductive
pillar electrically connected between the first and second

interconnect structures.
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13. The method of claim 8, further including providing an opening through the shielding frame to disperse
the encapsulant Into cavities below the shielding frame. 14. The method of claim 8, further forming a
through silicon via in the semiconductor die to ground the shielding frame. 15. A method of
manufacturing a semiconductor device, comprising: providing a pre-fabricated shielding frame;

3. The method of claim 2, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the stacked semiconductor devices

through the conductive pillar.

4. The method of claim 1, further including providing an
opening through the shielding frame to disperse the encapsulant

into cavities below the shielding frame.

5. The method of claim 1, further forming a through silicon

via in the semiconductor die to ground the shielding frame.

6. The method of claim 1, further including forming a bond
wire between contacts pads of the semiconductor die and the

second interconnect structure.

7. The method of claim 1, further including forming a
shielding layer around the semiconductor die between the first

and second interconnect structures.

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

providing a pre-fabricated shielding frame;

providing a sacrificial substrate;

mounting a semiconductor die to the sacrificial substrate;

mounting the shielding frame over the semiconductor die and
sacrificial substrate;

depositing an encapsulant through the shielding frame

around the semiconductor die;
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mounting the shielding frame over a semiconductor die; depositing an encapsulant through the shielding

frame around the semiconductor die; and removing a first portion of the shielding frame to expose the

encapsulant while leaving a second portion of the shielding frame over the semiconductor die. 16. The

method of claim 15, further including: forming a first interconnect structure over the semiconductor

die, second portion of the shielding frame, and a first side of the encapsulant; and forming a second

interconnect structure over the tsemi onductar die dt%ge%%nideiigg 19“ enca;%s(ylant opposite the first
W

side of the enca]f)%rﬁl%\ﬁfn%.aTheanse h&?BFéI%Pm?L , Wherein removing t efirst portigﬁ(% e shielding

frame leavies eethirdigporfiom of thehshieldingrfearme iargundh ¢hef sermicopductor dieowhicheprovides a
Conmﬂm%ﬁﬂgﬁﬁing frame leaves a second portion of the shielding frame
over the semiconductor die as shielding from interference; and
forming a first interconnect structure over the
semiconductor die, second portion of the shielding frame, and a

first side of the encapsulant.

9. The method of claim 8, further including forming a second
interconnect structure over the semiconductor die and a second
side of the encapsulant opposite the first side of the

encapsulant.

10. The method of claim 9, further including forming a
shielding layer around the semiconductor die between the first

and second interconnect structures.

11. The method of claim 9, wherein removing the first portion
of the shielding frame leaves a third portion of the shielding
frame around the semiconductor die which provides a conductive
pillar connected between the first and second interconnect

structures.

12. The method of claim 11, further including:
stacking a plurality of the semiconductor devices; and
electrically connecting the stacked semiconductor devices

through the conductive pillar.

13. The method of claim 8, further including providing an

opening through the shielding frame to disperse the encapsulant
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18. The method of claim 17, further including: stacking a plurality of the semiconductor devices; and
electrically connecting the stacked semiconductor devices through the conductive pillar. 19. The method
of claim 15, further including providing an opening through the shielding frame to disperse the
encapsulant into cavities below the shielding frame. 20. The method of claim 15, further forming a
through silicon via in the semiconductor die to ground the shielding frame.

into cavities below the shielding frame.

14. The method of claim 8, further forming a through silicon

via in the semiconductor die to ground the shielding frame.

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

providing a pre-fabricated shielding frame;

mounting the shielding frame over a semiconductor die;

depositing an encapsulant through the shielding frame
around the semiconductor die; and

removing a first portion of the shielding frame to expose
the encapsulant while leaving a second portion of the shielding

frame over the semiconductor die.

16. The method of claim 15, further including:

forming a first interconnect structure over the
semiconductor die, second portion of the shielding frame, and a
first side of the encapsulant; and

forming a second interconnect structure over the
semiconductor die and a second side of the encapsulant opposite

the first side of the encapsulant.

17. The method of claim 15, wherein removing the first portion
of the shielding frame leaves a third portion of the shielding
frame around the semiconductor die which provides a conductive

pillar.

18. The method of claim 17, further including:

stacking a plurality of the semiconductor devices; and
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electrically connecting the stacked semiconductor devices

through the conductive pillar.
19. The method of claim 15, further including providing an
opening through the shielding frame to disperse the encapsulant

into cavities below the shielding frame.

20. The method of claim 15, further forming a through silicon

via in the semiconductor die to ground the shielding frame.

—-28—



