SEMICONDUCTOR DEVICE AND METHOD OF FORMING EMI SHIELDING LAYER WITH
CONDUCTIVE MATERIAL AROUND SEMICONDUCTOR DIE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming an EMI and RFI shielding layer with conductive material around a semiconductor
die. Background of the Invention Semiconductor devices are commo%ound in modern

electronic PrEHGCE NS ThRIEIOT de Vit VAP R BEMINE dEMit LOHRG ddhiFShents.
Discrete semicondu@%?%&%%g%“e%ﬁﬁlf%ﬁ ﬁp&heA@Bgl‘b? eRRNFENB %nEIeE.: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 ofFileyated sehscaitkehdridayices include microcontrollers,
microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror devices (DMDs).
Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electronagaetic sigoals, cantsalting electronicdeieesydramstarning sunlight to electricity,
and crealing visual projections for television displays, Semiconducior devices are found i te fields of
entertainment,

device and method of forming an EMI and RFI shielding layer with

conductive material around a semiconductor die.
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



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 base current or through the process of doping. Doping Introduces
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device. milit#ArSeraisonductor davice Lontains active.anchpassive elacdrical structures. Active
structures, including bipolar and field effect transistors, control the flow of electrical current. By varying
levels of G6PinG Applicalion Of & e GBI base current, the transistor either promotes or
restricts the flow of elegkicateursenit Bassive strustuses, linaludingaesistars raapacitors, and inductors,
create a relationship be%/vﬁeen voltaégge O{amd current necessary to perform a varietéof electrical functions.
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Semiconductor devices are generally manufactured using two complex manufacturi rocesses, i.e.,
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andpackagn@mmé(ﬁgagconductivity of the semiconductor device.

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

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

individual die from the finished wafer and packaging the die to



provide structural support and environmental isolation. 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
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density active and passive components. Back-end processes may

result in semiconductor device packages with a smaller footprint

by improvements in electrical interconnection and packaging

materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 1In
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 or are
susceptible to undesired electromagnetic interference (EMI) and
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

their operation.



A need exists 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 a temporary carrier covered by an interface layer, mounting a plurality of
first semiconductor die over the interface layer, depositing an encapsulant over the first semiconductor die
and temporary carrier, forming a flat shielding layer over the encapsulant, forming a channel through the
flat shielding layer and encapsulant FORPRFRedfterate JEEe58s5iting conductive material in the
channel electrically connected to the flat shielding layer, removing the interface layer and temporary
carrier, forming an interconnect structure over conductive material, encapsulant, and first semiconductor
die, and singulating thé'cORGUCtvE MateribPo'Sépaitafe et EEmicthdudordie” The@ohductive
material isrelectreallyoeonnected torthedrntereonnect strueterese . Acdpanotharyembediment, the
present ino\%%?ti n is a method of making a,semiconductor device com ris[ilgr‘n é%gcsteps of providing a
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depositing conductive material in the channel electrically connected to the shielding layer, and forming a
first interétheth SEDGHUtE DYe Cevit Uctive heateriale fifst encapsidant, aag disstisemiconductor die.

In anothex smbodiment, the present invention is, a,semicandugtor. devige, compyisingca; first semiconductor
die and first encapsulant deposited over the first semiconductor die. A shielding layer is formed over the
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material is deposited intheichannel electrically corpected te the shiglding layes. A fikstdnterconnect

structure is formed over conductive material, first encapsulant, and first semiconductor die. Brief
Descﬂpﬂ@ﬁ%ﬁﬂﬁ?énnﬁﬁ@épSUla“t' and first semiconductor die, and

singulating the conductive material to separate the first
semiconductor die. The conductive material is electrically
connected to the interconnect structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting a first semiconductor die over the
carrier, depositing a first encapsulant over the first
semiconductor die and carrier, forming a shielding layer over
the first encapsulant, forming a channel through the shielding
layer and first encapsulant down to the carrier, depositing
conductive material in the channel electrically connected to the
shielding layer, removing the carrier, and forming a first
interconnect structure over conductive material, first
encapsulant, and first semiconductor die. The conductive

material is electrically connected to the first interconnect



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-3k illustrate a process of forming an EMI and RFI shielding layer with conductive material around a
semiconductor die; FIG. 4 illustrates the FO-WLCSP with shielding layer and conductive material formed
around the semiconductor die; FIG. 5 illustrates the conductive material extending down to a
horizonta E6HEUCtAE 1ayer in the interconnect structure;

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die, depositing a first
encapsulant over the first semiconductor die, forming a
shielding layer over the first encapsulant, forming a channel
through the shielding layer and first encapsulant, depositing
conductive material in the channel electrically connected to the
shielding layer, and forming a first interconnect structure over
conductive material, first encapsulant, and first semiconductor
die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die and
first encapsulant deposited over the first semiconductor die. A
shielding layer is formed over the first encapsulant. A channel
is formed through the shielding layer and first encapsulant. A
conductive material is deposited in the channel electrically
connected to the shielding layer. A first interconnect
structure is formed over conductive material, first encapsulant,

and first semiconductor die.
Brief Description of the Drawings

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

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

FIGs. 3a-3k illustrate a process of forming an EMI and
RFI shielding layer with conductive material around a
semiconductor die;

FIG. 4 illustrates the FO-WLCSP with shielding layer



FIG. 6 illustrates the conductive material terminating at and exposed from the encapsulant; FIG. 7
illustrates side-by-side semiconductor die each covered by the shielding layer and surrounded by the
conductive material; FIG. 8 illustrates another embodiment with the shielding layer and
conductive material formed around stacked semiconductor die; and FIG. 9 illustrates the
conductive material terminating around the upper semiconductor die. Detailed Description of the

Drawing$d confhe et ivention i ae8Ghedinbie dMifioRSBHBoarHENS N tHe following

description with referemcesto the figures, #a vduch like rumerals represantthe sameg oesimilay elements.
While the invention is described in terms of the best mode for achieving the invention's objectives, it will
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Semiconductor devices L generalty MAMUASAUIA uSIRO NG coRTPIGR i ot iR bREELLEs:
front-endamanufactixingsantl Macknent enanufagtaring.rferpnt-end manufacturing involves the formation of
aph"mnyOfdkaOnth%ﬁ&gac?(gfﬁustrates side-by-side semiconductor die each
covered by the shielding layer and surrounded by the conductive
material;

FIG. 8 illustrates another embodiment with the
shielding layer and conductive material formed around stacked
semiconductor die; and

FIG. 9 illustrates the conductive material terminating

around the upper 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 defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the

formation of a plurality of die on the surface of a



semiconductor wafer. Each die on the wafer contains active and passive electrical components, which are
electrically connected to form functional electrical circuits. Active electrical components, such as
transistors and diodes, have the ability to control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and transformers, create a relationship between
voltage and current necessary to perform electrical circuit functions. Passive and active

componett&afe Mt Yvel e Surfadd6fthg e mitohdictdPvater By 4 efiss 61 Prbtessetéps
includinggloping; sleposition; phatolithegrphy: ejching, @ndsplanarization: Poping ingeduees impurities
into the semiconductor material by techniques such as ion implantation or thermal diffusion. The doping
process mAdifidEthe Bttt BonGd &Rty bf 3enficdridiittst material iFa&ive deviced! transforming the
semicondugieiomateria) inio @n iasulatosneanduster, endydamially changingibe semicangduetor material
conductivity in response to_an electric field or baie current. Transistors contain regions qf varying types
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formed by%a\?asrle%f of 5es|doscf |§naFe%h%iquesacfejté3rnrr%ne8 in paHeb?/nthe?ype af materiaf ]élrnegn eposited.

For exampiethrsfilmn depgsiticiomaydnealve chemical vapartdépositioro(G\VD), physical vapor deposition

(PVD), electro!ytlc platpgS gri\g] eel%cﬁré)l%scstglgtem% Brrn%C&?%%%sE%%heIaXSE Is egfnge\;%@y [E%téerned to form
portions of active components, passive components, or electrical connections between components.

The layersugdrebe pattetied wsing photblithograpiaf evhicty Irvobaessithe depositionaot sight sersitive
material, &.g.: BRGpLES{El, oXeY (NeRve o he paliarped. A paigi s ansieued ffom g pliotomask fo the
photoresist using light. The portion of the photoresist pattern subjected to light is removed using a solvent,
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depositing the material into the areas or voids formed by a previous deposition/etch process using
techniqués'Stigiras eldctrofdserand eleetrelyhe pratingocess modifies the electrical

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

Active and passive components are formed by layers of
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. FEach layer is generally
patterned to form portions of active components, passive

components, or electrical connections between components.



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> THeYEIibified nhechihicat 2efion Bf tHedabYasiveldid CATEse action of the
chemicalyemeves any lkregular topagsaphy resulting in gninifeanlyflat surfacecrial, Back-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die fo? SHURIFA SUpportartd ERGirorti&TtalRolatioR 6 Sttt the 7 thé Watér is scored and
broken alongmon=ftnstional srgiwnsiod thenweakercalled saphstreets of seribes. ridhelwafer is singulated
using a laser cutting.tool or_saw blaolae. After singulation, the individual die are mounted to a package
substrate that fudee hiftd of BSntaePpads F’ojr%tepcao%%%ﬁﬂoﬁc’ WA SthEFsystem SBMparients. Contact
pads formechoverthessemicandudtoedie, aresther cognected to contatt pads withértheipackage. The
electricallcacl)nggc i%n%%an Q% trr(leq:qlee\(g/ith S %deer béjmapsﬁ gtq_ﬁd g%mggéco%do%gvg gagtCe, or wirebonds. An
encapsulanf/or other moI&ng material’is eposﬁealml/er e package t5 prowae physmél support and
electricalisolatienl, Thiesfivished patkage is then irsented intoyair electricat systemvand thesfunetionality of
the semiconductor device is.made available to the other system companents.. . . IG. 1 illustrates
elocironid Hce 50 TG A chio Shifer SUBSFAlE o iniad ScLis bonrd (FEEYES i & pluraity of
semiconducterpackages mdunited orats surfacel Efectronicedevize 50amay have one type of
semicondclarnackage. oL MUle bipes Al semicandclop packages. depending. on {hie gpplication. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electroni€ HeviceByayg bela stane-alone system that uses the semiconductor packages to perform one

or more electrical functions, Alternatively, electronigdevice 504may, be & sybcompanent of g larger
b

system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), dighalbAdeo eamer& FOVE] 26rothEF eleeBAiEYCoMMBAIcRiER dedite ARG FativelyOElectronic

device 5Q,5a% bena graphigs card saetwork interface, card, o other signal processingcarddhatcan be
inserted into a computer. The semiconductor package can include microprocessors, memories,

applicatidit §petific ittegrafed GRUIBIASICEIGGiE Cirbaitd Hhafstf difcuittPRFRGEIHY Sdiscrete devices,
or other sespisendugatar. dierarglectrical-compengnts.cl hesBuniaturization, angd dhe weightredyction are

essential for these products to be .
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 tool or

saw blade. After singulation, the individual die are mounted to



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

communitaliGrit betifeeit BT 6f-the dthicoRductor fadkdyd s motRtedEdmBBAEnts and other external

system compenepisadfacaes o4 alse previde powearand-greund senpectiansito,achweftbe semiconductor
packages. In some embodiments, a semiconductor device has two packaging levels. First level

packagin§ 3§ A%echiGhe FO maERaNCAR &P Eledirfeafly atthbRing IRE S8 MiEShduttdrdiE ¥ hn
intermediadel sakriet hSecandleyelpackagingrinvokves mechamically mndelectrisalaattaching the
intermediate carr%i&ﬁ%o th%PCB. In othe embodiments,gl semiconductor device ma‘%/ nly have the first
level pacKadifg Whete the didid mESshiCAI aHd Si8ttkally Hodntéd directly 't 85% For

the purpase efrillugtratioanseverabtypes ohfifsi level packagiag, ineludingowire dondpackage 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball grid
array (BGAY 60 Bumb cRip Sarfér (BOC) 6. dual e padkage (DIP) 62 fanc-ard airay (LGA) 66,
multi-chif rodilen (MC&) 68; guaddlat monHeadedhpackage (QFEN) 20, andequiad flatlpackageny2, are
shown moynted, on PGB 52, Repending, ppen dhe system requirements, any campingtion of
semiconductor packages, conq‘lgurea/ with any combination of first an second feve?packaglng styles, as
well as otifer eledtrbnic-corhpeneritsecars be tonnected 1o CB 52. In some embodiments, electronic
device 50 includes a single attached semiconductor package. while other.gmpadiments call for multiple
interconnected packages. By combining one or more semiconductor packages over a single substrate,
manufacttirérsicin incbrporatepreimade eomponentstinto dleeroni¢RieRicesanisysteéms. Because the
semicondictor,nackages include sphisticated functionality, glectrgnic devicescancbe manufactured
using cheaper components and a streamlined manufacturing process. The resulting devices are less
likely to f&il 8AE TESE EXpENSVEtoTHaRGAchAE Pesling P& |Wersaist fsicorstiftereackage,

or multiple types of semiconductor packages, depending on the

application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

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

and the weight reduction are essential for these products to be



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

elementsoRABH SHtHAY tHe SctieTregion of SemitdRdaCtER RS 4! XBht A PB4 8ne or more

layers of genductivermateriah sushbasaluminum{Al), Coppet (GW): tindSp). tjckel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During

assembly of DIP 64, seficohuctdr die-74 ¥ mBtRted B afintsihiddidte Canier 78 Gsihga gold-silicon

eutectic layerorraghesiveumatertal sueh asdhenmal £poxy ©F epoxy ¢esinoEhe package body includes an
insulative packaging material such as polymer or ceramic. Conductor leads 80 and wire bonds 82 provide
electrical THEIGOHHARE bEtwaRH Seiticonddctar ik 74 ahli BB &2. ECARSArt S "d8bbbited over the
package fareeradirobmental protection byprewentingr ameistire and parnticles from eriteAng the package
and contaminating die 74 qr wire borids 2. Lot FIlG.tZ.b IIIustr:?[tesgurtc?er detaii OLBCC 62 mounted
on PCB 52, Semicontuctor dié 88 is mounted over c%rr?erlgrbglﬁsiﬁg Qnh underfilr of eﬁoxlﬁ%’sin adhesive
material $2\&4dre hondst9dnprovide firsthilevekpadkaging mtérednnegtdetwéen contact pads 96 and 98.

Molding com 0L|1ndtor en%a§ylant 100&'% dgggsiteld qver.se icog%uctor die 88 an%e irmtiee%%nds 94 to

: t
provide p §/glcg sup;:p(‘jocrte and electrical isolation for the device. Contact 5533 102 are formed over a

surface of &CB 62 usiy a suitaldlednetad depesitiony process suthaselactealytic-plating @r electroless

plating toprevent.oxidaton, C%E%%%Pagén{lp%%@t@‘?Ct”‘f?-'b/cg%”'!s%t%‘i fo.one o more,condyctive signal
traces 54 in PCB 52. Bumps 104 are formed between contact pads 98 of BCC 62 and contact pads 102

of PCB 52nd groujiFIG2; seameshduetoradié 58fs Mourtted facendowit @ interpiediate-carrier 106
with a flip chip style first level packaging Activesregion; 108 of semicondugtor die. 58 coniajns analog or

digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric layers

formed aBésrdiigtothe ectfical desihtoflthEdie FFsTa@hisle Ltheccifcaft thayi|dde one or more

transistorge diodes INJUGLors,Capacitors; Fesistors, and ofhgr Ciriit elementswithinactiyedegion 108.
Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
BGA 60 idlectiedlyand irfechRanicafy conmsted fo PER52 RiRrE BEW stiyle’8dctnt level packaging

using bumpsd2: Semigonducterdie ©8iis glecfricallyconnggtedo condustive;sigpal tragesia4-in PCB
52 through bumps 110, signal lines 114, and bumps 112. A molding compound or encapsulant 116 is

deposited 9véFSemfcondudtor 9ie'58 afdeafiéterieto provifet conductor device may

only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

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

electronic components, can be connected to PCB 52. In some
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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. In 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. 3aSRANGSHARB HifrrefatoRtd F16S. ahdPa-28, a Process of forfiRg 4h EXFaAE KEI shielding

layer withseandugtive iateripbanosd a semicenduetor dignhd flae3a,aA temporapy-cariier op substrate
120 contains sacrificial base material such as silicon, polymer, polymer composite, metal, ceramic, glass,

glass epdi- BERTITUM Okitie, BF Gl h itableL W BBt Hofd Maferfll ofBhfk SEHitGRAGAGE faterial for

structurabsiupposte Ancepiional kitedaee kyer 122 can besfornedvee carriesd 20rasca ternperary
adhesive bonding film or etch-stop layer. FIG. 3b shows agortigéq of carrier 120 with a plurality of

semicondiictor dieor COMPORents’ 124 hio Ut td iMtéfadeTayer 122 U8ing s picksind place operation.
Contact padsa126formedsever active sudace 4 28 of semicondudtor i A 24 are orieated toward carrier
120. A(:ti\ﬁ1 rslur'tfa%erl 1%% tconta@ig[s gn%logior dé%i'g]al ggcszuiésalm%emgn%eudfgs ch_jvedde\éic%s passive
devices, con&uc]tlveafayerg,’ an %letfec?rlc Fayers formed Within the die and e}lec?rlcalﬁyjint%rconnected
according teethecelectricabdesigis andduactionrefatheé die d-oraexaniple uthércircoit maays kcludehene or

more tran5|st85 diode andeother CII‘C#II elelp%gtglforrpgd(%\%%)n actlvelsurface 128 to Implggnent analog

. . res 1INg.dévl S are less €5s expensive
clrcults or (eilglta Clr&uts, Suéi’] as %Iglta sigha proceyssmg %\% C, memory, or other Slgnal

propessim@uivcﬁﬂp@emca;m@i@i@ 124 maﬂ@d&rc@mam I_f-@fs, suoh@{sdm@uqtors, _capacitors, and
resistors, for RF signaljorocessing.Jn ong embodiment, seroicanductor, die 124,15 a fipehip type

semiconductor die. FIG. 3c shows all semiconductor die 124 with active surface 128 mounted to interface
layer 12X dver carriérli2gstrates |§ RGhed, aleeaddpsufaitidt mdlding esmpoand 238 isdeposited

over semiconductor die 124 and cagrier, 130, 4sing a,paste prnting ,cIpPessivemeolding, fransier
molding, liquid encapsulant molding, vacuum lamination, spin coating, or other suitable applicator.
EncapsuRnt 430 €an becpalgmet orposiE phdatefall SuS s epoRy Yesif wvithPfes 1éfsoxy acrylate with

filler, or polymer.with proper diller, Encapsulant 130 is;penconductive apd.envirgpmenta|lyprotects the

semiconductor device from external elements and contaminants.
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

over the package for environmental protection by preventing

-11-



Semiconductor die 124 may contain baseband circuits that generate EMI, RFI, or other inter-device
interference, such as capacitive, inductive, or conductive coupling. In other embodiments, semiconductor
die 124 contain IPDs that are susceptible to EMI, RFI, and inter-device interference. For example, the
IPDs contained within semiconductor die 124 provide the electrical characteristics needed for high
frequency applications, such as resonators, high-pass filters, low-pass filters, band-pass filters, symmetric

Hi-Q resdifant transfothfers rid-ehiity Gpaiters: ThelP D CarPBE £1_E8 ad¥rbnt-end wireless RF

components, wihich gan e positionedhetwees the aaterga.and transceiver. The IPD inductor can be a
hi-Q balun, transformer, or coil operatin% up to 100 Gigﬁlhertz. In some apg&cations, multiple baluns are

formed on a same sub&trSte, ?ﬁﬁO\fVIJI’]b% it SperatiGn. F6éxam@E, fd of MOFRBHIGHs are used in
a quad-band faEmebile phenrasonathet glohal systemi for mahiled& My eomarunieations, each balun is

dedicated for a freguenc(%/ bafncéL f operation of the (%uad- nd device. A t&fpicﬁl RE sys%gem requires
multiple IPDs @nd bthéY high fr Euéjﬁcyecﬁf%ﬁﬁ 7T BRE of thore SEmiCondUctsr packagel 16 perform the
necessanyelectriedl funetionse first Toaeduce theeffects of EMiranthREL & shieldingnlayer 132 is
conformall dET: osited gver_ a to urﬁ cel f.encapsulant 130 opposite carrier 120, as shown in FIG.
o, ShiokiTb Ay 19578 SLbstanialt ot Hoois e MG T oF o asaet0. B optonal seec
layer 133iswonidratllydeposited overtoptsurfatiedl ASofaentapsukanbd8a0 privd ta forping shielding
layer 132, Shielgigg layer 13 Caggeﬁ@fg rite or carbo y?!ljtroghst gjnrle%%seteglé\pickel silver, low-carbon

PNy sl or r1ic 150 1C .
steel, siliéon-iron steeﬁ, i%]ﬁ conductive resin, and other metals an composites capable of blocking or

absorping?@MI@RtFlp@r@oﬂ@Z irﬂesdé_wiceldmermfem@. Shiefding layeril32 cah alsobe &non-metal
material gych ag, ¢aronchlack op aluminum %?%/@JQJ gduce the effects of EMI.and RE, Seqd Jayer 133

can be made with Cu, Ni, nickel vanadium (NiV), Au, or Al. Shielding layer 132 and seed layer 133 are
patternecPan@ enformatly depdsitaddsing anrelgerdlytic:prating oglectroless pidtinga dputtérihg, PVD,

CVD, or gther syitable metah deposition.progess. Fornan-metalmatsyals. shiplding layer 132 can be
applied by lamination, spraying, or painting.

traces 54 in PCB 52. Bumps 104 are formed between contact pads

98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c¢, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

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

deposited over semiconductor die 58 and carrier 106 to provide
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In FIG. 3f, a channel 134 is cut through shielding layer 132 and encapsulant 130 between semiconductor
die 124 using saw blade or laser cutting tool 136. Channel 134 extends down only as far as a top surface
of interface layer 122 (boundary between encapsulant 130 and interface structure 150) or partially into
interface layer 122. Channel 134 is formed completely around semiconductor die 124, as shown in FIG.
30. In FIG. 3h, conductive material 138 is deposited into channel 134 up to a level of shielding

layer 132 E6htuetive Hidterdl 138 6 Molteh soldét! 85ppet, 6P Eofdiietive hotimer. Ethductive

material £38 gonstitutes-ansideportion of theEME shiekding extending-campletely areund semiconductor
die 124. Conductive material 138 is electrically connected to shielding layer 132. _In FIG. 31,

temporar§ CATHET 120 aRd itefac8dyRT 135 atd Femoved By chRmical stemifg ShathaHialseel-off,

CMP, mechasicatiganding, thesmrkbake, daser seanningy aewet stripping= A parion 0f conductive
material 138 is exposed from or extends beyond encar[esulant 130. , In FIG. 3%, a |t.li]L]JLiId-up
Interconriet Bftdethre 150 1S totiet o ?%%Eaﬁ%gﬁ 130'5Ra a2fide SURACY 28 BF E8miconductor die
124. Thedudldxuip: Interconnectrstreicturerl Sonlocludes anceladtricalty, canductive layerdr cedistribution
layer (RDA_. 15g8formedkgjsinngeaC atternirlqand me?zltde&ositiorwrocess sucr% as s uttering, electrolytic

plating, an l8Ctroless pl%tlng. 3H&§€tlveyla%1rdl an be Ghe or rﬁgrnenl%tfle% 0 ,&I?&%,t , Ni, Au, Ag,

or other suitablEBelettrically: gormiduigtivelmatesial Conductive layes 152aa% efectrically donnécted to
contact paﬁ; e:LIZIQ fgri rotueting sriglmlael% q%gductive layer 152b is electrically connected to conductive
material 138 as'a owalmped%nce ground point. Other portions of conductive layer 152 can be electrically
common or electricallyfi$élated3depending on the desighrand=fuattiom of sedicondudtordie 124,

The build;up Inferconnect stryctyrs, 130, further dagludgs;an insulating or;passivatiop layer154 formed
between conductive layers 152 for electrical isolation. The insulating layer 154 contains one or more
layers of siticgi eioxide (6102 isilicarrpitide (SISRY), Silivdncdxamitdde (SION), kdftalum pedtoxide

(12205), alymipum oxide (A1203), ar athey.material haying similar jnsulating and structral properties. The

insulating layer 154 is formed using PVD, CVD, printing, spin coating, spray coating, sintering or thermal

oxidationMAGsSHieR of HllatihgIayercrsy istemaVed hyPar Bfthing proeess e expedeidonductive layer
152 for bump.fermation 9k addifienalpackage INGESQMELhn oxide, or other suitable

low—-cost, rigid material or bulk semiconductor material for
structural support. An optional interface layer 122 can be
formed over carrier 120 as a temporary adhesive bonding film or
etch-stop layer.

FIG. 3b shows a portion of carrier 120 with a
plurality of semiconductor die or components 124 mounted to
interface layer 122 using a pick and place operation. Contact
pads 126 formed over active surface 128 of semiconductor die 124
are oriented toward carrier 120. Active surface 128 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
within the die and electrically interconnected according to the
electrical design and function of the die. For example, the
circuit may include one or more transistors, diodes, and other
circuit elements formed within active surface 128 to implement

analog circuits or digital circuits, such as digital signal
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In FIG. 3k, an electrically conductive bump material is deposited over build-up interconnect structure 150
and electrically connected to conductive layer 152 using an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu,
solder, and combinations thereof, with an optional flux solution. For example, the bump material can be
eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is bonded to conductive layer

152 using a¥tab Gtadhrient gt bondiny piotéss. 9k dnelémhbadirisht, REBGS Miterial is reflowed
by heatingithe imateriakakgvesitsinetting prist toformspherical hallswr humps156.dnsemesapplications,
bumps 156 are reflowed a secaond time to Improve electrical contact to conductive layer 152. An under
bump met&ftZ&tic @BNFRAR beTormed thdEFBdmpSa%6. THE Hiimds GaF alsBH5E Edmipression bonded
to condudtivedayekiis Buteps 156 sppreseatiene typeief intescannect struettre that was be formed over
conductive layer 152. The inéerconnect structure can alsqQ use bond wi(rjes, studﬁ(ump |cro bump, or
other cle SR PR BSHTECt T Hie SEmiCORAURGT devicd SHOMIT RCEIE, dhci8 ShEUIASA through
conductivecmateriad 138ausing sawrbtade: el asericutting took 158 e separate individual rsesiconductor
die 124. 120 FIG. 4 shows FO-WLCSP 160 after singulation. Semiconductor die 124 is electrically
connected2to ‘conductive layer 152a of Interconnect structures 150 and bumps 156. The flat shielding
layer 132 is readily formedioMer eBdapsulartrit3fotoudleck opabsurbdEMY Rfetnand otherdfterslevice

Interferergze. Condulgtive mat%rei%!ilgﬁn%{ovides %\{II@cq\ﬂ'a%% ground theersifitézj of semiconductor die 124

G
and routesegm,ll-rél% ) and other inter erlnlécsﬁr{als through con uctive ayer b gﬁé%%rr?ps 156 to an

external [@Wihﬂoeﬁah@‘e@%nd:p@ﬂg&@_dordin@%dh@ﬂat ﬁﬁ@ldhi‘gelay@om and cb_hqmtﬁ/e material
138 provide effective ML and; RE, ,Sh'\%déﬂ%o_rfgﬁi%%@%r?'deé?%fnseé%'g‘eﬁ%‘%t%?'eolt%ﬁer FIG.

5 shows an embodiment of FO-WLCSP 162, similar to FIG. 4, with conductive material 138 protruding or
extending int6 diskiatiiRPlayentss of INtercenAgetEstiuchie 150toRsorivactdnsybstantizliyHotizontal

conductiye layes 1520 Gonductive materipLLg, condyctive layer 132, and,0umps 456,pute EMI, RF!
and other interfering signals from shielding layer 132 to an external low-impedance ground point.
filler, or polymer with proper filler. Encapsulant 130 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

Semiconductor die 124 may contain baseband circuits
that generate EMI, RFI, or other inter-device interference, such
as capacitive, inductive, or conductive coupling. In other
embodiments, semiconductor die 124 contain IPDs that are
susceptible to EMI, RFI, and inter-device interference. For
example, the IPDs contained within semiconductor die 124 provide
the electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, and tuning capacitors. The IPDs can be used as
front—-end wireless RF components, which can be positioned
between the antenna and transceiver. The IPD inductor can be a
hi-Q balun, transformer, or coil, operating up to 100 Gigahertz.
In some applications, multiple baluns are formed on a same

substrate, allowing multi-band operation. For example, two or
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FIG. 6 shows an embodiment of FO-WLCSP 164, similar to FIG. 4, with conductive material 138
terminating at but exposed from the boundary of encapsulant 130 and Interconnect structure 150, i.e., no
protrusion or extension of conductive material 138 into Interconnect structure 150. A vertical portion of
conductive layer 152b extends to a top surface of Interconnect structure 150 to contact conductive
material 138. Conductive material 138, conductive layer 152b, and bumps 156 route EMI, RFI, and other

interfering SignafS froResHERinGPRYer 132 tSTHA SxtEtRa I6REimTddahRe RFFGUTE point. F1ES7 shows an
embodiment phEOs\WAL2P 466, sipnlar &0 k314, wihsideikyssidersemieenrdugtendig 124 each covered
by shielding layer 132 and surrounded by conductive material 138. FIG. 8 shows another
embodimEnt with SehitGAdattdr S8 A Having CofitacPBadE 172 Tortfed Bferadive ¥tifice 174 which
contains asalbgeor digital gicuits inplementeshas agtive- deviges,iassiverdeices; conduetive layers, and
dielectric layers %ormed within the die and electrically interconnected according to the electrical design

and funcidry 8f thie"die SRV exampia the diftuittfiay indiide o0& B Hite trandist&rativdies, &%d other

circuit elgraermtsformed withireactieysurfacetkid-tolimplernenbaralog circuits or digital circuits, such as

DSP, ASIC, memory, ofootrr}%rd%gnalt%roc%sfs%ré%girc%il;f S%%niicgggu%%dieaﬂs%m&/ dﬁl%o contain IPDs,
such as inductors, capacitors, and res§tors, SrRE signal processing. Tri one embo |meﬁt, semiconductor
die 170 is ayhkpchi® gypessemiconductodn gdied Seoscarduciorcdie d 70dp nsourited o anintefface layer
formed over a femparary fglaier. An encagsrulfi\%(?r rgoldgr}%%%%mgfgugq(%mése ('jeposited over

. . ite . . X
semiconductor die 170 using aoﬁjfs?es ﬁrlﬁtlﬁga}rc%%npresswe moﬁdlng, transfer molding, liquid encapsulant

molding_, S’hé@dmjlamirﬂatm,r s@iﬁ%o'aﬁ_ngp_@sqthet saitdhte @b@ﬁc@tgm CE_Em:apsplaﬁtlIfa can kalpolyr_ner
composite material, syeh as epaxy resin with fller, epwxy acrylage with filler, or nolymer with proper filer.

Encapsulant 176 is non-conductive and environmentally protects the semiconductor device from external
elementsc@nPedritathivaits. tor susphaalityof vids isrfornéed twotigh @hcapsylant76 around a

periphery-of semiconductor die 170, ysing yaechanical drilling,laser, drilling cor.deep,ceaciive ion etching
(DRIE). The vias are filled with ‘Al, Cu, Sn, Ni, Au, Ag, Ti, tungsten (W), poly-silicon, or other suitable
electricalhédndiRtiges carbonyl iron, stainless steel, nickel silver, low-
carbon steel, silicon-iron steel, foil, conductive resin, and
other metals and composites capable of blocking or absorbing
EMI, RFI, and other inter-device interference. Shielding layer
132 can also be a non-metal material such as carbon-black or
aluminum flake to reduce the effects of EMI and RFI. Seed layer
133 can be made with Cu, Ni, nickel wvanadium (NiV), Au, or Al.
Shielding layer 132 and seed layer 133 are patterned and
conformally deposited using an electrolytic plating, electroless
plating, sputtering, PVD, CVD, or other suitable metal
deposition process. For non-metal materials, shielding layer
132 can be applied by lamination, spraying, or painting.
In FIG. 3f, a channel 134 is cut through shielding
layer 132 and encapsulant 130 between semiconductor die 124
using saw blade or laser cutting tool 136. Channel 134 extends
down only as far as a top surface of interface layer 122
(boundary between encapsulant 130 and interface structure 150)

or partially into interface layer 122. Channel 134 is formed
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material using electrolytic plating, electroless plating process, or other suitable metal deposition process
to form conductive pillars or vias 178. Alternatively, a plurality of stud bumps or solder balls can be formed
within the vias. A build-up interconnect structure 180 is formed over encapsulant 176. The
build-up interconnect structure 180 includes an electrically conductive layer or RDL 182 formed using a
patterning and metal deposition process such as sputt,erin%, electrolytic plating, and electroless plating.
Conductiv&Ta/e? 182 ¥cair15e BHe D7 MGTaTAYETs of AT iCu,18i /NP AuS AYYBr othef Stitable electrically
conductive material. A pertionsof condugtiveliayer 182ns eleetrically tonnectedde condyctiverpillars or
vias 178 for routing signals. Other partions of conductive layer 182 can be electrically common or
electrically/ i85t (]quéeﬁjd?nﬁBnathé%‘é?ijgno%osfbh%ﬁigﬁ895%1‘?1?’0%?1%81% di¢ 22441V The build-up
interconnegt structurel 380 furthesdneludes an énswating eopassivation layerdle4 formed between
conducti\%llfgers 182 for e ectrtical isolation. ,Tr[]ae ig glating Ia%/,etr 184 contains one or more Iagers of 5i02,
Si3N4, SIINYFS305, A1285 Srhotiier Ratéal havi %sir%ﬂ PinsbiAiRG ahd stiictdial propertids. The
insulating: layeE 184 i formedrusirg P CVD cprinting; spin coatingd Sprayicoatingcsinteringeor thermal
oxidation, A portign of insulating layer 184 is_removed by an etchi rocess to expose conductive layer
o P Gy Rad comthct fade 10k T e RANE Conrac 104 which
contains ahakgdirrdigital wircuitsS inplemented as active devices, passive devices, conductive layers, and
dielectric layers formed within-the.die and electrically interconn d according to.the electrical design
and function of the die(ill—lotrpe%a'mgljé,’ th%egpc%]ftarﬁgy fnacﬁdleegneel%? m(‘jogrtccal tﬁa%?cﬁ%?gio%%g,e and other
circuit eleréntzsformedwithih activehsurfacell Ftohimplemeatanalogzirceitsor-digital €ituits, such as
DSP, AS|G, iemory, or pthersignal Rrpcessing glreuit. Semicpnductor, di 190 may glso contain IPDs,
such as inductors, capacitors, and resistors, for RF signal processing. In one embodiment, semiconductor
die 190 is arflipahipeype dermiebhdactopr diec Anplurdlityef Barnps 196 id formiedl evercoptact pars 192.
Semiconductor, die 190 isopaunted fa intergonnect stsucture 180 and electrically connected to conductive
layer 182 with bumps 196. An encapsulant or molding compound 198 is deposited over
semiconductor die 190%&nd itercéAnec shitchste UB0USHEG aPasts prifitiig! CompressiVe hfolding,

transfer mglding; ligyid encapsylant malding ovacuum laminatian, spin coatng, O other suitable
applicator. Encapsulant 198 can be polymer composite material, such as epoxy resin with filler, epoxy

acrylate WRAiFEX1F pbRMet With proper Tillér. Entapsiant 168 KoeHtvntustive and BRvitartmentally

protects thesemisandycten device from extepnal elemeatsiangdeoiaminants.« r i but i3@Miconductor die
170 and/or semiconductor die 190 may contain baseband circuits that generate EMI, RFI, or other

inter-devit@YfterfEfetce, Suéh S apacifive Mdactias; bt tonddctitdtiphing. MEstRerEhbBdiments,
semicongiicierdie 10andiar 190 eestaimtbPD that are suseeaptibla ta EMY, REh@nd inter-device
interference. For example, the IPDs contained within semiconductor die 170 and/or 190 provide the
electrical TharAd8ri&its Aested¥ar highTrediiEnty apphi¢tions. subh BsPesHifors Mgt Fass filters,
low-pass filtges; band-pass fiters, symmetricadi;Qaesonantdransformers aandtusirg-capacitors: The IPDs
can be used as ontend wireless, RF cempenents,avhich an pe positioned between e antenna and

connected to contact pads 126 for routing signals. Conductive

layer 152b is electrically connected to conductive material 138

as a low impedance ground point. Other portions of conductive

layer 152 can be electrically common or electrically isolated

depending on the design and function of semiconductor die 124.

The build-up interconnect structure 150 further
includes an insulating or passivation layer 154 formed between

conductive layers 152 for electrical isolation. The insulating

layer 154 contains one or more layers of silicon dioxide (Si02),
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transceiver. The IPD inductor can be a hi-Q balun, transformer, or coil, operating up to 100 Gigahertz. In
some applications, multiple baluns are formed on a same substrate, allowing multi-band operation. For
example, two or more baluns are used in a quad-band for mobile phones or other GSM communications,
each balun is 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 thé hece8sary eldétfcdiFanttibirs. 5111 o oT8dtdd iciEffdcts OF EMITRHIREE™ shielding layer
200 is coptormadly glepositedeyer encapsulant d98and tap susface 202x0frsemigarductan die 190.
Shielding layer 200 is substantially flat across encapsulant 198 and top surface 202 of semiconductor die
190. An OBtibhRPsEed iayRF 262?él&Sﬁﬁ%aﬁﬁaeﬁgﬁ%ﬂt&@%rﬁﬁﬁgﬁﬁﬁﬁ% and6p surface 202 of
semiconduciondie 29 priorde farming shielding dayes i209. Shisldiogdayesr200:-carybe Ab iferrite or

carbonyl iron, stainless steel, nickel silver, low-carbon steel iIicon-'ig)n steel, foil, conductive resin, and

other metals &l Loniposités CapanieHr biocking of SoSorbing ENT REE AAd ot intét-device
interferenger Shielding layen200:daryalserera honmetalrpateviabsiich as cathamniblgck obakuminum flake

to reduce the effects of EM| and RFI. feed Ia;ii;frzzof4 ca%be ma%de Wit@ .Curi Ni Ni\(/jofiuq or AIIShieIding
ctro

layer ZOOtéDnc? s&ed ?ay%?% H%tré %%ttera ed an conf%Fmaif)I/n @epgsrlf%% ulscfng %Fl ele ﬁt?cnﬁlating,

electrolessaplating, sputteringnRYEX, CVD, or other suitable metal deposition process. For non-metal

materials, shielding Iayfr 29 anpe a %Iiedlb aminaggn sprayin orvpai ting. A hanneli's cut through
shielding layer 200, encgpsu gcﬁt 8, ir%terceoneny%l%%ét?&ctu e fgé%{éln%cr eln(:eapgs%ﬁrgjntrig] eurs}r?g a saw blade
or laser cuttirtptoot Mivedchkarmel bxtehds dowimsoely asrfaras astbpsufface of e mterface layer

(boundary hetyrgen. eneapsulanLIG.And intertase, Stygiure 1@ onaptialy flp the interface layer. The

channel is formed completely around semiconductor die 170 and 190. A conductive material 208
is deposifsthinty tHelshannel 8p te allgtdl of shidlding layer200r Cohgsictve mbterial 2081can be molten

solder, copper, or,conductive polymer; Gondugtive material 208 consfitutes a side.nortign of the EMI

shielding extending completely around semiconductor die 170 and 190. Conductive material 208 is

electricalfcortfectd’to Stileldiey lafér 2601, soldethe @iporaiPeartier ang irtbrace fayer are
removed py.ghemicalgtehing; mechanicah peel-off, CMB-mechapical grinding, thermalhake, jaser
scanning, or wet stripping. A portion of conductive material 208 is exposed from or extends beyond
encapsméﬁﬁlﬁE eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive layer 152 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 156. In some
applications, bumps 156 are reflowed a second time to improve
electrical contact to conductive layer 152. An under bump
metallization (UBM) can be formed under bumps 156. The bumps
can also be compression bonded to conductive layer 152. Bumps
156 represent one type of interconnect structure that can be
formed over conductive layer 152. The interconnect structure
can also use bond wires, stud bump, micro bump, or other
electrical interconnect.
The semiconductor device shown in FIG. 3k is
singulated through conductive material 138 using saw blade or

laser cutting tool 158 to separate individual semiconductor die
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A build-up interconnect structure 210 is formed over encapsulant 176 and active surface 174 of
semiconductor die 170. The build-up interconnect structure 210 includes an electrically conductive layer
or RDL 212 formed using a patterning and metal deposition process such as sputtering, electrolytic
plating, and electroless plating. Conductive layer 212 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive layer 212a is electrically connected to
contact p%l%lé 172 for routing signals. Conductive layer 212b is electrically connected to conductive

material 208 as a low-impedancegsaund-point.Qther portions«af condyctive:layar, 212 can be electrically
common or electrically isolated depending on the design and function of semiconductor die 170 and 190.

The build>GB EROARECE sticure’ 210 furfhet Thididdes &y ISRty 6 pdssivationiayer14 formed
between tapductivedayers 2k2-for electical isplation: dhednsulating tayen?g4 coptains one or more

layers of 5102, SI3N4, SION, Ta205, AJ]203, or other material having similar insulating and structural
properich e Rl By drd o s (S0, A8 S Ee soH B Bagdhras tating
sintering oo thelrmnaik oxidatibs oAlportian, oRinsylating layet 24 4iia remeded by«an etching process to
expose conductive layer 212 for bump formation or additional package Int nnect. An
electricalﬁ/négoenrd%/%ﬁ\% %ﬁr’np n&o%?e&rjllé |sléféepoms?tg rol\/aefb%ﬁ]g- ﬁ%%%ﬁné%{:@%trﬁ%% 2106 and electrically
connectedrtowondtubttiveslayes 202 usigiarevapdration) ieledtealyticiplating telectdléss prating, ball drop,
or screen ritng process. Thebump material can pe Al an i A A, B0y B o1y solder, and
combinations thereo , with an optional ux solution. For ampﬁe,t e bump material can be eutectic
Sn/Pb, highwiead Sbfdet cordead-freersoider] The bupap! araterialis bodded tatenductive layer 212 using a
suitable attachment pr bonding progess, I one embadiment,the bump material s yeflowed by heating the
material above its melting point to form spherical balls or bumps 216. In some applications, bumps 216
are reflowed aseednd dithecrrimigrove efectiical cohthkt tGomductive 1ayet 212, PoyBMeark be formed
under bumps 216, The Jumps can also-he compressign bonded to conductive layer 212. Bumps 216

represent one type of Interconnect structure that can be formed over conductive layer 212. The

Interconnect structure Eaff also FSEHENG WireBPsttdmritp, Thick® blifips Br bftrer eldétricalinfePconnect.
In FO-WEGSP 220, sepiconduetor:die 1 7Qds electrically copngeted 49, conductive: layegr 212a of

Interconnect structures 210 and bumps 216. Semiconductor die 190 is electrically connected through
bumps 196 fContiitive lalep 182 y&dndutfive pillis 8F Giak 178t apl contiteR eliafer212 to

semicondugterdie 170andsbumps 216, The flat shielding layer 200js readjly-formed over semiconductor

die 170 and 190 to block or absorb EMI, RFI, and other inter-device interference. Conductive material 208

provides EMICAdFREF sRigldifd arouhtfthe SideR 6fSetficondGctor diePr 7R aAd 298RMd rotites EMI, RFI,

and other-interferingrsignals theoughgconductive: layee 212 anddumps 21640 an externablow-impedance
ground point. Accordingly, the flat shielding_layer 200 and conductive material 208 provides effective EMI
and RFI SHigfding fof the 16 ard 5idel bf stlconBictorig 1709H™ 180 2t FIG. 9 shows an
embodiment similar to FiG.. 7 svidheandustive maierials208 tormed-onlyamunelsncapstlaat 198 and
semiconductor die 190. Conductive material 208 termipates at interconnect structure 180. Shielding layer
200 and dggrédugi(/evgﬁatttkérigpfgé’ 5rtel§%u%%8€ﬁr%ug£%%)n%ﬁg |vlen%yép?.8§6, ééolhtdu%ﬁ%j 5ﬁl§rs or vias
178, conductivetdayen2it @dndybumps2t6psulantWhile cnedorimorerembodimernts of theipresent

invention_have ble.een.lllustrated in detail, the skllledcartlsan WI|(|3 9pggec(5ate tkllat modlglcatlorls "1“3,%

adaptations t6 those ém%%d?rﬁéjr?tgun%alf be ?ﬁ:afexwﬁﬂgﬁtoélepartlng ﬂolrlrlcﬁ]evs?co%ae of the present

inventioniascsetfottk i therfollowmgeclainvs:e 150. A vertical portion of
conductive layer 152b extends to a top surface of interconnect
structure 150 to contact conductive material 138. Conductive
material 138, conductive layer 152b, and bumps 156 route EMI,
RFI, and other interfering signals from shielding layer 132 to

an external low-impedance ground point.

FIG. 7 shows an embodiment of FO-WLCSP 166, similar to
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a
temporary carrier covered by an interface layer; mounting a plurality of first semiconductor die over
the interface layer; depositing an encapsulant over the first semiconductor die and temporary carrier;
forming a flat shielding layer over the encapsulant;

FIG. 4, with side-by-side semiconductor die 124 each covered by
shielding layer 132 and surrounded by conductive material 138.

FIG. 8 shows another embodiment with semiconductor die
170 having contact pads 172 formed over active surface 174 which
contains analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
174 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 170 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing. In one
embodiment, semiconductor die 170 is a flipchip type
semiconductor die. Semiconductor die 170 is mounted to an
interface layer formed over a temporary carrier.

An encapsulant or molding compound 176 is deposited
over semiconductor die 170 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator.
Encapsulant 176 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 176 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

A plurality of vias is formed through encapsulant 176
around a periphery of semiconductor die 170 using mechanical
drilling, laser drilling, or deep reactive ion etching (DRIE).
The vias are filled with Al, Cu, Sn, Ni, Au, Ag, Ti, tungsten

(W), poly-silicon, or other suitable electrically conductive
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forming a channel through the flat shielding layer and encapsulant down to the interface layer;

depositing conductive material in the channel electrically connected to the flat shielding layer; removing
the interface layer and temporary carrier; forming an interconnect structure over conductive material,
encapsulant, and first semiconductor die, the conductive material being electrically connected to the
interconnect structure; and singulating the conductive material to separate the first semiconductor die.

2. The mBHOREORtlailT  \RFhErEiT e doRdEtive PiatBfal StEndE MG fiie iftérkoRect structure. 3. The

method of ekaimsk Whereintherconguetiva material termaipatestatanboundary between the encapsulant

and interconnect structure. . .
conductive pillars or vias 178. Alternatively, a plurality of

stud bumps or solder balls can be formed within the vias.

A build-up interconnect structure 180 is formed over
encapsulant 176. The build-up interconnect structure 180
includes an electrically conductive layer or RDL 182 formed
using a patterning and metal deposition process such as
sputtering, electrolytic plating, and electroless plating.
Conductive layer 182 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
A portion of conductive layer 182 is electrically connected to
conductive pillars or vias 178 for routing signals. Other
portions of conductive layer 182 can be electrically common or
electrically isolated depending on the design and function of
semiconductor die 124.

The build-up interconnect structure 180 further
includes an insulating or passivation layer 184 formed between
conductive layers 182 for electrical isolation. The insulating
layer 184 contains one or more layers of Si0O2, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. The insulating layer 184 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. A portion of insulating layer 184 is removed
by an etching process to expose conductive layer 182.

A semiconductor die 190 has contact pads 192 formed
over active surface 194 which contains analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical

design and function of the die. For example, the circuit may
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4. The method of claim 1, further including electrically connecting the conductive material through the
interconnect structure to a ground point. 5. The method of claim 1, further including providing side-byside
first semiconductor die each covered by the flat shielding layer and surrounded by the conductive
material. 6. The method of claim 1, further including mounting a second semiconductor die over the first
semiconductor die, wherein the shielding layer covers the second semiconductor die and the conductive

material SGHUHts (ARSirStamtPSécdncP<emicbRdGetor dRISA T Metidtfar daimt i Hurther including
mounting-a sgeend semicandugtor kie, overthedirst serisenductor die; wheegiathe shigldiag layer covers

the second semiconductor die and the conductive material surrounds only the second semiconductor die.
8. A method 6FmhaRing a Semidontuttor device: comphisig: BrovidiAg RcarfiéM° " Moufiting a first
semicondugaterrdie nyes theearties deppsiiingafitst encapsutaniaver dhe first sepucenductardie and
carrier, contain IPDs, such as inductors, capacitors, and resistors, for

RF signal processing. In one embodiment, semiconductor die 190

is a flipchip type semiconductor die. A plurality of bumps 196

is formed over contact pads 192. Semiconductor die 190 is

mounted to interconnect structure 180 and electrically connected

to conductive layer 182 with bumps 196.

An encapsulant or molding compound 198 is deposited
over semiconductor die 190 and interconnect structure 180 using
a paste printing, compressive molding, transfer molding, ligquid
encapsulant molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 198 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 198 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants.

Semiconductor die 170 and/or semiconductor die 190 may
contain baseband circuits that generate EMI, RFI, or other
inter—-device interference, such as capacitive, inductive, or
conductive coupling. In other embodiments, semiconductor die
170 and/or 190 contain IPD that are susceptible to EMI, RFI, and
inter-device interference. For example, the IPDs contained
within semiconductor die 170 and/or 190 provide the electrical
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, and tuning

capacitors. The IPDs can be used as front-end wireless RF

components, which can be positioned between the antenna and
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forming a shielding layer over the first encapsulant; forming a channel through the shielding layer and
first encapsulant down to the carrier; depositing conductive material in the channel electrically
connected to the shielding layer; removing the carrier; and forming a first interconnect structure over
conductive material, first encapsulant, and first semiconductor die, the conductive material being

electrically connected to the first interconnect structure. 9. The method of claim 8, wherein the conductive
material EXBRAS itd The first Mterdonnébdtfittarecan be a hi-Q balun, transformer,

or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other GSM communications, each
balun is 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.

To reduce the effects of EMI and RFI, a shielding
layer 200 is conformally deposited over encapsulant 198 and top
surface 202 of semiconductor die 190. Shielding layer 200 is
substantially flat across encapsulant 198 and top surface 202 of
semiconductor die 190. An optional seed layer 204 is
conformally deposited over encapsulant 198 and top surface 202
of semiconductor die 190 prior to forming shielding layer 200.
Shielding layer 200 can be Al, ferrite or carbonyl iron,
stainless steel, nickel silver, low-carbon steel, silicon-iron
steel, foil, conductive resin, and other metals and composites
capable of blocking or absorbing EMI, RFI, and other inter-
device interference. Shielding layer 200 can also be a non-
metal material such as carbon-black or aluminum flake to reduce
the effects of EMI and RFI. Seed layer 204 can be made with Cu,
Ni, NiV, Au, or Al. Shielding layer 200 and seed layer 204 are
patterned and conformally deposited using an electrolytic
plating, electroless plating, sputtering, PVD, CVD, or other
suitable metal deposition process. For non-metal materials,
shielding layer 200 can be applied by lamination, spraying, or
painting.

A channel is cut through shielding layer 200,

encapsulant 198, interconnect structure 180, and encapsulant 176
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10. The method of claim 8, wherein the conductive material terminates at a boundary between the first
encapsulant and first interconnect structure. 11. The method of claim 8, further including electrically
connecting the conductive material through the first interconnect structure to a ground point. 12. The
method of claim 8, further including: forming a plurality of conductive vias through the first
encapsulant; forming a second interconnect structure over the first encapsulant; mounting a

second sBREShdUCEGTHiB bYBFtIHEF sedffintercdninett shGéture; Te depdERiRg d£Sechdencapsulant
over the seeandosemicepduycter dig; andop surface of the interface layer

(boundary between encapsulant 176 and interface structure 210)
or partially into the interface layer. The channel is formed
completely around semiconductor die 170 and 190.

A conductive material 208 is deposited into the
channel up to a level of shielding layer 200. Conductive
material 208 can be molten solder, copper, or conductive
polymer. Conductive material 208 constitutes a side portion of
the EMI shielding extending completely around semiconductor die
170 and 190. Conductive material 208 is electrically connected
to shielding layer 200.

The temporary carrier and interface layer are removed
by chemical etching, mechanical peel-off, CMP, mechanical
grinding, thermal bake, laser scanning, or wet stripping. A
portion of conductive material 208 is exposed from or extends
beyond encapsulant 176.

A build-up interconnect structure 210 is formed over
encapsulant 176 and active surface 174 of semiconductor die 170.
The build-up interconnect structure 210 includes an electrically
conductive layer or RDL 212 formed using a patterning and metal
deposition process such as sputtering, electrolytic plating, and
electroless plating. Conductive layer 212 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 212a is electrically
connected to contact pads 172 for routing signals. Conductive
layer 212b is electrically connected to conductive material 208
as a low—impedance ground point. Other portions of conductive
layer 212 can be electrically common or electrically isolated
depending on the design and function of semiconductor die 170

and 190.
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forming the shielding layer over the second encapsulant, wherein the conductive material surrounds the
first and second semiconductor die. 13. The method of claim 8, further including forming a plurality of
conductive vias through the first encapsulant; forming a second interconnect structure over the first
encapsulant; mounting a second semiconductor die over the first semiconductor die; depositing a

second encapsulant over the second semiconductor die; and
The build-up interconnect structure 210 further

includes an insulating or passivation layer 214 formed between
conductive layers 212 for electrical isolation. The insulating
layer 214 contains one or more layers of Si0O2, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. The insulating layer 214 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. A portion of insulating layer 214 is removed
by an etching process to expose conductive layer 212 for bump
formation or additional package interconnect.

An electrically conductive bump material is deposited
over build-up interconnect structure 210 and electrically
connected to conductive layer 212 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 212 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 216. In some applications, bumps 216
are reflowed a second time to improve electrical contact to
conductive layer 212. A UBM can be formed under bumps 216. The
bumps can also be compression bonded to conductive layer 212.
Bumps 216 represent one type of interconnect structure that can
be formed over conductive layer 212. The interconnect structure
can also use bond wires, stud bump, micro bump, or other
electrical interconnect.

In FO-WLCSP 220, semiconductor die 170 is electrically

connected to conductive layer 212a of interconnect structures
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forming the shielding layer over the second encapsulant, wherein the conductive material surrounds only
the second semiconductor die. 14. A method of making a semiconductor device, comprising: providing a
first semiconductor die; depositing a first encapsulant over the first semiconductor die; forming a shielding
layer over the first encapsulant; forming a channel through the shielding layer and first encapsulant;

depositing conductive material in the channel electrically connected to the shie!din% layer; and
10 and bumps 216. Semiconductor die 190 1is electrically

connected through bumps 196, conductive layer 182, conductive
pillars or vias 178, and conductive layer 212 to semiconductor
die 170 and bumps 216. The flat shielding layer 200 is readily
formed over semiconductor die 170 and 190 to block or absorb
EMI, RFI, and other inter-device interference. Conductive
material 208 provides EMI and RFI shielding around the sides of
semiconductor die 170 and 190 and routes EMI, RFI, and other
interfering signals through conductive layer 212b and bumps 216
to an external low-impedance ground point. Accordingly, the
flat shielding layer 200 and conductive material 208 provides
effective EMI and RFI shielding for the top and sides of
semiconductor die 170 and 190.

FIG. 9 shows an embodiment similar to FIG. 7 with
conductive material 208 formed only around encapsulant 198 and
semiconductor die 190. Conductive material 208 terminates at
interconnect structure 180. Shielding layer 200 and conductive
material 208 are grounded through conductive layer 182D,
conductive pillars or vias 178, conductive layer 212, and bumps
216.

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 conductive material, first encapsulant, and first semiconductor
die. 15. The method of claim 14, wherein the conductive material is electrically connected to the first
interconnect structure. 16. The method of claim 14, wherein the conductive material extends into the first
interconnect structure. 17. The method of claim 14, wherein the conductive material terminates at a
boundary between the first encapsulant and first interconnect structure. 18. The method of claim 14,
further including electrically connecting the condcli®éRtaterial through the first interconnect structure to a
ground point. 19. The method of claim 14, further including: forming a plurality of conductive vias

through the flrst encaEsuIant
1s C alme

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

providing a temporary carrier covered by an interface
layer;

mounting a plurality of first semiconductor die over the
interface layer;

depositing an encapsulant over the first semiconductor die
and temporary carrier;

forming a flat shielding layer over the encapsulant;

forming a channel through the flat shielding layer and
encapsulant down to the interface layer;

depositing conductive material in the channel electrically
connected to the flat shielding layer;

removing the interface layer and temporary carrier;

forming an interconnect structure over conductive material,
encapsulant, and first semiconductor die, the conductive
material being electrically connected to the interconnect
structure; and

singulating the conductive material to separate the first

semiconductor die.

2. The method of claim 1, wherein the conductive material

extends into the interconnect structure.
3. The method of claim 1, wherein the conductive material

terminates at a boundary between the encapsulant and

interconnect structure.
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forming a second interconnect structure over the first encapsulant; mounting a second semiconductor
die over the second interconnect structure; depositing a second encapsulant over the second
semiconductor die; and forming the shielding layer over the second encapsulant, wherein the
conductive material surrounds the first and second semiconductor die. 20. The method of claim 14,
further including forming a plurality of conductive vias through the first encapsulant; forming a

second irfterconhB8t &Fictare SVerthé firstenchpsiiaR +nctuding electrically

connecting the conductive material through the interconnect

structure to a ground point.

5. The method of claim 1, further including providing side-by-
side first semiconductor die each covered by the flat shielding

layer and surrounded by the conductive material.

6. The method of claim 1, further including mounting a second
semiconductor die over the first semiconductor die, wherein the
shielding layer covers the second semiconductor die and the

conductive material surrounds the first and second semiconductor

die.

7. The method of claim 1, further including mounting a second
semiconductor die over the first semiconductor die, wherein the
shielding layer covers the second semiconductor die and the

conductive material surrounds only the second semiconductor die.

8. A method of making a semiconductor device, comprising:
providing a carrier;
mounting a first semiconductor die over the carrier;
depositing a first encapsulant over the first semiconductor
die and carrier;
forming a shielding layer over the first encapsulant;
forming a channel through the shielding layer and first
encapsulant down to the carrier;
depositing conductive material in the channel electrically
connected to the shielding layer;

removing the carrier; and
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mounting a second semiconductor die over the first semiconductor die; depositing a second
encapsulant over the second semiconductor die; and forming the shielding layer over the second
encapsulant, wherein the conductive material surrounds only the second semiconductor die. 21. A
semiconductor device, comprising: a first semiconductor die; a first encapsulant deposited over the first

semiconductor die; , , ,
forming a first interconnect structure over conductive

material, first encapsulant, and first semiconductor die, the
conductive material being electrically connected to the first

interconnect structure.

9. The method of claim 8, wherein the conductive material

extends into the first interconnect structure.

10. The method of claim 8, wherein the conductive material
terminates at a boundary between the first encapsulant and first

interconnect structure.

11. The method of claim 8, further including electrically
connecting the conductive material through the first

interconnect structure to a ground point.

12. The method of claim 8, further including:

forming a plurality of conductive vias through the first
encapsulant;

forming a second interconnect structure over the first
encapsulant;

mounting a second semiconductor die over the second
interconnect structure;

depositing a second encapsulant over the second
semiconductor die; and

forming the shielding layer over the second encapsulant,
wherein the conductive material surrounds the first and second

semiconductor die.
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a shielding layer formed over the first encapsulant; a channel formed through the shielding layer and
first encapsulant; a conductive material deposited in the channel electrically connected to the
shielding layer; and a first interconnect structure formed over conductive material, first encapsulant,
and first semiconductor die. 22. The semiconductor device of claim 21, wherein the conductive material

is electrically connected to the first interconnect structure. 23. The semiconductor device of claim 21,
wherein the conbgtivs ifaterial is etetritafly chHREGRE thretighthe Jirst interconnect structure to a

ground point. 24cFhe semicanduetor deyicerofclainn 21 ifugther cludif@ugh the first

encapsulant;

forming a second interconnect structure over the first
encapsulant;

mounting a second semiconductor die over the first
semiconductor die;

depositing a second encapsulant over the second
semiconductor die; and

forming the shielding layer over the second encapsulant,
wherein the conductive material surrounds only the second

semiconductor die.

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

providing a first semiconductor die;

depositing a first encapsulant over the first semiconductor
die;

forming a shielding layer over the first encapsulant;

forming a channel through the shielding layer and first
encapsulant;

depositing conductive material in the channel electrically
connected to the shielding layer; and

forming a first interconnect structure over conductive

material, first encapsulant, and first semiconductor die.

15. The method of claim 14, wherein the conductive material is

electrically connected to the first interconnect structure.

16. The method of claim 14, wherein the conductive material

extends into the first interconnect structure.
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a plurality of conductive vias formed through the first encapsulant; a second interconnect structure
formed over the first encapsulant; a second semiconductor die mounted over the second interconnect
structure; and a second encapsulant deposited over the second semiconductor die, wherein the
shielding layer is formed over the second encapsulant and the conductive material surrounds the first and
second semiconductor die. 25. The semiconductor device of claim 21, further including, _ a plurality of

conductive'vias Torm@EiadgR the Rt BnddsufAiR: © 1 Na 5BEorPRLIEORNECt S LRiurE Yormed over the

first encapsulantiates at a boundary between the first encapsulant and first

interconnect structure.

18. The method of claim 14, further including electrically
connecting the conductive material through the first

interconnect structure to a ground point.

19. The method of claim 14, further including:

forming a plurality of conductive vias through the first
encapsulant;

forming a second interconnect structure over the first
encapsulant;

mounting a second semiconductor die over the second
interconnect structure;

depositing a second encapsulant over the second
semiconductor die; and

forming the shielding layer over the second encapsulant,
wherein the conductive material surrounds the first and second

semiconductor die.

20. The method of claim 14, further including

forming a plurality of conductive vias through the first
encapsulant;

forming a second interconnect structure over the first
encapsulant;

mounting a second semiconductor die over the first
semiconductor die;

depositing a second encapsulant over the second

semiconductor die; and
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a second semiconductor die mounted over the first semiconductor die; and a second encapsulant
deposited over the second semiconductor die, wherein the shielding layer is formed over the second
encapsulant and the conductive material surrounds only the second semiconductor die.

forming the shielding layer over the second encapsulant,

wherein the conductive

semiconductor die.

material surrounds only the second

21. A semiconductor device, comprising:

a first semiconductor die;

a first encapsulant deposited over the first semiconductor

die;

a shielding layer

formed over the first encapsulant;

a channel formed through the shielding layer and first

encapsulant;

a conductive material deposited in the channel electrically

connected to the shielding layer; and

a first interconnect structure formed over conductive

material, first encapsulant, and first semiconductor die.

22 The semiconductor

conductive material is

interconnect structure.

23. The semiconductor
conductive material is

interconnect structure

24. The semiconductor

device of claim 21, wherein the

electrically connected to the first

device of claim 21, wherein the
electrically connected through the first

to a ground point.

device of claim 21, further including:

a plurality of conductive vias formed through the first

encapsulant;

a second interconnect structure formed over the first

encapsulant;

a second semiconductor die mounted over the second

interconnect structure;

and
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a second encapsulant deposited over the second

semiconductor die, wherein the shielding layer is formed over

the second encapsulant and the conductive material surrounds the

first and second semiconductor die.

25. The semiconductor device of claim 21, further including

a plurality of conductive vias formed through the first

encapsulant;
a second

encapsulant;
a second

semiconductor
a second

semiconductor

interconnect structure formed over the first

semiconductor die mounted over the first
die; and
encapsulant deposited over the second

die, wherein the shielding layer is formed over

the second encapsulant and the conductive material surrounds

only the second semiconductor die.
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