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
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Background of the Tnvention Semiconductor devices are commonly found in
modern electronic products. Semiconductor devices vary in the number and
density of electrical components. Discrete semiconductor devices generally
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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



consumer products. Semiconductor devices are also found in electronic
products including military, 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
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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



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
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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



region around the device by drilling through encapsulant and -3 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
e1117her o isplate semigondugtor die from EMI RF, and other inter dexice,
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semiconductor die to the sacriticial substrate, mounting the shie Hlng frame

manudverthe setitonductorddieapensacrificial 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 portfoHreREE Pfelthg Ve 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
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.method of making a semiconductor device comprising the steps of
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



providing a pre-fabricated shielding frame, providing a -4 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
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uctor die as

n
eaves a secon portloerf of the' s J|L(-§3inag frame “over the semicon
sacrsHiélding frombinterterencendihet method ¢urtierddcludes theastepofdarntihg
.a first interconnect structure over the semiconductor die, secon rtion of
e g Tanes M Pt CteLoF e SoLChaehy T aahernd
encagmbobdimeriththeugreseheingentioifistey niethiod of neaking alsensieondystdructor
aie, d8Yice fompdising the siens of, providing a:preqfabigated shielding frame.,
mounting the shielding frame over a semiconductor die, depositing an
expoggrcdpstlait daptighané shickding frante Aroundithe sepsiedriductort dierand

shieRMAVNG Afirst partion of thesshilding ffame e e¥PasetherBncaRSHIANE + ame
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the Drawings FIG. 1 illustrates a printed circuit board (PCB) with ,

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;



different types of packages mounted to its surface; -5 FIGs. 2a-2c illustrate

further detail of the representative semiconductor packages mounted to the
PCB; FIGs. 3a-3q 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

intercon ed with conductive s FIG. |Ilustr st F WLCSP
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die andgauivalents gs maybe Hacluded within thespidt.and scope of the
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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



two complex manufacturing processes: front-end manufacturing and -6
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

comgonents sucth as transistEors, have the abilit¥ to gontrol the ﬂOVY of
back=en .m?nufac Brln%. %onﬁ—end man¥ ac Hrlng involves the
electrical current. Passive electrical components, such as capacitors,

formmductors, resistorsrand transformérs, credtba selatiaaship between voltage
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active components are formed over the surface of the semiconductor wafer
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semiconductor material by techniques such as ion implantation or thermal
compgiffgsion, The dopirfy Hroeess ficdiffes theveledtiicalabéndictivity ofontrol the
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material into a permanent insulator, permanent conductor, or changing the
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eleceefieal Edrfémtidponithetadpiigation of an electric field. Active and passive

components are formed By-layess ebrmaledalswith-differenielecitieal the

properties. The layers can be formed by a variety of deposition techniques
surf&a%”ﬂEéBQﬁ semiconductor wafer by a series of process steps

including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into 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



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 -7 electroless plating processes.
Each layer is generally patterned to form portions of active components,
passive components, or electrical connections between components. The

layers can b tterned using photolithography, which involves t
oo Bt Caneos TGl e otorekit Dvar et Byeo be
pat tpatterdet oA patterpis: trapsfered faorniavphotomeskdotlse phetosesist using

compgflty, e Rartion of the, phgtoresist battern §“?J8E%qeé’et8 Ight I5, rempyed
using a solvent, exposing portions of the underlying layer to be patterned.
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depositing the material’into the areas or voids formed by a previous
photgesasiticn/etehiptotdss Usikg fedidieLsicras efkctrofessainde elect@lytic
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exaggerate the underlying pattern and create a non- uniformly flat surface. A

The BRifdrify flafsirieeiB YEquirsd- - predicersmae ot foré gendapt is
remoRackedsacliye andpassive components. Planarizatiop camhe usediol ying

remove material from the surface of the wafer and produce a uniformly flat

layegykstdPPRARAZERSFinvolvBs poRiging tRe sGfald 6f Newafe? fithta 15
remoRelishing:-pad..An sbrasive material andLcorrosiverchemicakares added 10 thesme

surface of the wafer during polishing. The combined mechanical action of the

type&m%gw%%%ﬁf&5H6§@§gcﬁﬁ¥terned 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



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 -8 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 sin ulateﬁi usin laser cutting device or.
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packageto provide physical support and electrical isolation. The finished
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FIG. 1 illustrates electronic device 10 having a chip carrier substrate or
padspfiited Erctit BoBAFPCB) 12 With & fiGialify ot serhicBRdictorfadiaye’e made

withmoyntedon it surface., Elggironic deviee 10:may have ppe type gf reponds .
semiconductor package, or multiple types of semiconductor packages,

An egesaiingbh the Aplieatior The aiffrdiiijpes ofsetiBrdbadr over the
packBackagesare shawn i EIG: 2l fos purposes-ofdllusteation; Electropisidavics, .

the 3 maybea stand alone system that uses the semiconducior packages o
and the functionality of the semiconductor device is made
available to the other system components.

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



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,
otneEnalog cirauits, RE cirguts, diserete devices, or. 9 gher semiconductor die or
electrlcaFcomponents. h FIG. 1 12 provucies% general substrate for
structural support ahd etédiridal ipteccortest of thensemicondoustor packdges
seropUPted Qn1e,BCB, Gonductive sianal Liaces 14 -aredormed pyer a surtace

or within layers o B 12 using evaporation, electrolytic p?ating, electroless
semiglatidgy.c screapaprirtings PO of etherrsuitableetal deposition iprocessinal

tracaignghtraces 14 provids for, electigal.commypication ; petyween, gach.ofghg
semiconductor packages, mounted components, and other external system
usingopperemst Trateslealss provide povidriarit grobmdiconhestonms féacth

scre8hihg semicanducion pagkages, n some-embadimants, semicandygtor

device has two packaging levels. First level packaging is a technique for
Procegghanicalyland elctafcally atlaeRing the Semitdrdilictecdié t6 AR dfigEat1on

betweFORd leyebpackaging invelyesreechanically ands electiically attachingbgr s,
carrier to the PCB. In other embodiments, a semiconductor device may onl
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poweMOoyRteddirratly tedhe FGB.Jror the puspesesef ilustration; seyrraktypes of
packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
a carrier. Second level packaging involves mechanically and
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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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,
quad flat non-leaded package (QFN) 30, and quad flat package 32, are
hown mounted on PCB 12. D%pendin%g@%re\ hetgy%;«é% rfguirerlnengs any

elec%ro 1C . ,.com nents cgn e COoIT . .
combination 6f semicondactor packages, configured with any comglnaﬁon of

embofirshand secenc tevebpackabivg styles) aswellds ether s electr@nicached
semic%%%%%%t%l‘é %9%58[‘”%%@9&0%%Be%z_-exl&bf?%ﬁ‘%e%@ odimants, gleglionic 1

evice 10 includes asingle attached semiconductor package, while other
inteambodimdritd cal fdramalkiple Bivterconnettatbpackages. By contrining onewrt or

packT9LS sgmicondugtar packages.Quer a sinalg SHoSIAtE, MAUIACIIEIS 30, 4

inCorporate pre-made components into electronic devices and systems.
pre-Bagguseothieasenicondudior packagesiinclude sophistieatdd stumetiorality,

BecaBlECroRic devices Gan he planyiagtured.using \cheaper comppnenis.and a

streamlined manufacturing process. The resulting devices are less likely to
funciajiHimiiess exgersife 5 TaFEere résultimpinowef eestdser using

che afRISURBIS RG22 Hatrates futther defail of DR 244paunied gRECB 2. The

DIP 24 includes semiconductor die 34 having contact pads 36. ,
resugkaficorititict Hie 34ndibdes an'setive teyibA ‘cortaMing atal6d oF uiitaf t©

manuéiEcuitsimplenented:as activeo devices fassiuerdevieas;cenpductive layers,
and dielectric layers formed within semiconductor die 34 and are electricaI%/ B
&

interconfiedted adcortiny* to- theeledtht AN desigif ofthe dié. 'BOF exdmpre't

on POFcUimay inctudel ong O MRIe teansistoisductor die 34 having contact
pads 36. Semiconductor die 34 includes an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within semiconductor die 34 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 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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diodes, inductors, capacitors, resistors, and other circuit 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,

s0 SEeholte platna, or electioless plating.process,Durina pssembly.of DIF,
24, semiconductor die 34 is'mobuntedo a Carrier %nusmg ago §-silicon
betwegtectie tayer 60 adhesive mistetialsuth as tldrneal @poty aEherpéckage level

dy.inclu n.insulative ,packagi terial such as polymer or ceramic.
k CluaGes llye jpackag g

S R Lkl Shd ke R R 0000 o
envifopmeenbetweandeads A0rardycantactgyads 36 vbdiet34ras afitstdevelicles

£romPREHAYING, Encapsylant 44 is 9‘380%%%%?'{&@% pagkage.fof ,envirgnmental, . 4 o

protection by preventing moisture and particles from entering the package
36, and conanminatify die-34,kbntact pads cIG sralirelbbndS 4R, DIP Y is

inseSQNRLIed 1B CR12 Ry Jingerfing leads 4 intg;hales fosmed through RGB,-
12. Solder material 46 is flowed around leads 40 and into the holes to

mateghysically dritl leetfiRally Esnmect BAPY (PPEBA 2 'SildéM thaterai%e-€an
physhe any metghkoreleckicaliy ¢anductive-mateyial, e.9..+3n,8ead (Ph), Aty Ader

Cu, zinc (Zn), bismuthinite (Bi), and alloys thereof, with an optional flux
mat embteridt OF GeakaripleMhe $otder matetiaf Ean bedutdctic® SHAeh, Migh-lead,

mate@rilead-feeay FIGs2b illustratesiyrthes detailpf BEGC 22imeunted) on PCB 12.
Semiconductor die 47 is connected to a carrier by wire bond style first level

bismﬁ&a&ﬁﬁﬁfE#%ébﬁi§QﬁO&ﬁé8%§P%&?reOf’ with an optional flux

material. 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
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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 i coqgﬁgted ccording to. the
a7 elegf}itcgfgegan of tée die: F%%g?gr%pafje%/ tr%? ]5c’ircuit rrﬁaye ﬂg%ﬁjd%ogr%écl)rc more
plattragsistors,diedes; imductons, dapagiterseresistors, @hdothencircuitd and bond
padse'%“eé‘ﬁ%g% gedywithip ; the, active region of dig 47, Coptact pags 48 are

made With a conductive mate?fal, such as A?, u, §n, I, Au, or Ag, and are
semiglestticatlyptonnectéd t¢ thecoirduitcdleprents formet Withiin 2fe fxazng the

£1rsCONACL pads é‘?\a/?ﬁ? dgrmeg,gy £ iVéE?;B YRy slectolylic plating, arglectroless;

plating process. Wire bonds 54 and bond pads 56 and 58 electrically
depogdrirrett evRtact pads a8 df cdemiceaduddr dieldEtdeorstactfadsTs2 bhBCPads

10, Zhionming the fistlevel packaging, Meldipg compotnd.pr.encansulant 60 is

eposited over semiconductor die 47, wire bonds 54, contact pads 48, and

e lecggritaetpddsd 2 to-provide physical ppert anfdoBletfiicab isofatfoh foF thef ormed
overdevice. Cantactpads-64 ase {%meig oveba sirface of PCR-12 ysing:
ele

evaporation, electrolytic plating, electroless plating, screen printing, PVD, or
platomer Suitablermetst deposition processSait Brelfypically phafed t&prevérir

suitexdatian GantaeipRads 64 glestricadly copnectdpone, or MOre Copadelde to
signal traces 14. Solder material is depaosited between contact pads 52 of

Prevgele 97 ana contact pads 63 bf PEES12 4TI §GibiEr ffaterial §S Fetfowed o ©1€
or miOrM IHAPS66ive 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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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 andfdielec ric layers formed within _semiconductor die 18
14 LTS, .
50 dlesre%éltﬁgaslly |?1etear58nneoc¥en§ éc%é’r%urn} 1 the’ 8%&&& 31858%%?%(&6 8|te %)Fes
80, eXxdmpleathe dicuyitomay inclugetoneconrmoretransistors wigdes; disd iidlorsy e

cal cf'gtors, resi torsiand her circyiteemgnts fo rTed ithi acti\{@. region
mace S e e o e S iy /o480 or
Ag, medhanicaklyl attachethtbloarden?é tredgh@ farge mimbertof idividoals

form%%ﬂdi%“é{%éﬂ?@rPé’&’l%o%"%”s b3 Solderdumps, 78 g formed ovgy

ump pads or interconnect sites 80, which are disposed on active region 70.
CVD, Barpadsl80 afe whade with spcorfdutive pateAal sa¢h ag Aregesa,-Ni,

so1dBY: uhgs and are electricallyconnected fo the cieyit elements Sformeddn .
active region 70. Bump pads 80 are formed by PVD, CVD, electrolytic

contgiating a6teleétraless preRG FFEcESS: SSoldér Bimp378i&re eléctfitally &dder
ref1BgCRanicallconnected to contact pads or interconnect sites 82 on carrier
76 by a solder reflow process. BGA 20 is electrically and mechanicall

attachedF(6”PEB 18 by Erakde Rambeér %Fﬁ‘wdﬁﬁ&@él%ﬁ@&&t%@%éégﬁﬁmbg

pce anballs 86. theysoldenpmps are formedsever busnppads 98 iBtereeNestnps
sites 84. The bump pads 84 are electrically

or balls 86. The solder bumps are fTormed over bump pads or
interconnect sites 84. The bump pads 84 are electrically
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

—-14—-



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

canductive signal traces 14. The solder bu are. electrically.and .
and B e R e o s 174
sty lsolderefloneprotess.dMelding compoond araencapsulant 92 is deposited

over se nductor die 18 and carrier 76 to provide physjcal support and
electricr:l?J Sl':s%étig}r% fo%r(i[hel %e\?igg ﬁ% flﬁlo Egrﬁg%%%nslcc%nduc%r dlevgcea
semipvitiesta shor electiical cohdactivnepdthlfrons e detivel devices ohayer

p1acigmicopducton die 18 fo. candygtion tracks on PGRAZ, In orderdg reduss

signal propagation distance, lower capacitance, and improve overall circuit
scalgeiferpfaice. [ Grdiierfombodimdnt Ghe Semicordiicitdie 1Blcabetrate

or cAechanicaly-14.and electrically atiached direetly to.RCB- 12 uging din GRiIPs . cn

style first level packaging without carrier 76. FIGs. 3a-3g illustrate a process
as saflfofifiihg & Serfitend iAo PackaeR Wit aie-fAicated Shiclding lay@Fass,

glasRlaggd eyer sermicondygtos dieyin a fan-gutwafes level ship sealeackage s giq
(FO-WLCSP). In FIG. 3a, a sacrificial substrate or carrier 100 contains
mategimmyPsr SattficifBase MAtefasUeAT 58 slitoh OFolyier Potyrmér Support.

composite, metakceramici glass, Yiassiepaxy, bepdliug oxider 0 ptheso with
suitable low-cost, rigid material or bulk semiconductor material for structural

heatgigport RHintéridresiayerl 62 apptied theafheiddowith e interface

layer 102 can be one or more layers of silicon dioxide (Si0O2),
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 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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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

10ican be a temporary bonding film or etch- stop layer. Semiconductor die
G et I S R e LR
procinekides analoghordigitak dsclitsSimplementethdd acthvenard passivective and
devices, conductive, layers, and dielectric | ers formed. ove t(%;}s' eaci' £
pas g B e e ot o
semidesign of the diecFoPéxample, the circuit may include one or more

ansistors, iades, ang ather dtgui slements ored withipagtive,surtace

106 to implement baseband digital circuits, such as digital signal processor
elecpSpr memona oF cathek sighanmredessing eirbdit Sdnrenducior die 102

app1MaYaisH, containintegrated passive devices(IER), sueh asdnductars, 13, s

~capacitors, and resistors, for radio frequency (RF) signal processing. Contact
filtgads 108 efechicaily tohheétto aofmBAnt! passive devieesant signal traces

tranWiBinRctive shrface 106 ofcsemicendugtor dig, 102.5The RS ors . The
semiconductor die 104 provide the electrical characteristics needed for high
IPDsfreghenty appiicationsr Stth &% teSbhatdrs SRigREpase iters 1w pads i ch can

pe phltersibandipass filkers, syametic i sonant Yanstormers, matching
indugigﬁxﬁih?qg;ugngijg%ggggajhgransformer, or coil, operating up
to 100 Gigahertz. 1In 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 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
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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 more baluns are used in a

110 9y2d-band for mpbile hé’{‘gséoféc.’“;‘qeft lobal system for m8§" é%{?&"% 1142~
communications, each balun dédicated for a‘frequency band of operation o
114fthengagddand devide. Alypical RF systemapquisgsmultiple $RDs and othér.

Bod 1 AIgh fregueney !ﬁ“cr?”?ﬁ ‘Efdfinea%mf’%% Femjcondyetor packages %gq petfory
the necessary electrical functions. The hlgﬁ?requency electrical devices
extegeneraortareisuseeptble to andesiktéd -eleGtrothagnétictinteridrénce (BN,

ana "PAGrEqueneyinterierance, (RF), or oiher Ipter-deyicg laterierence, sugh as

capacitive, inductive, or conductive coupling, also known as cross-talk,
BodighichlcHn inteteke Ythethe dpetraticr oftddjacdscorafeakByt airchit elemeéntsd,

and 19 feduce inietdeyice interierence, o pre-fabricated ghielding frame, 1104s o ¢

mounted over semiconductor die 104 and interface layer 102, as shown in
opengfeks 3al3b.iShiéRmmefaimer o161 0 irdhgdesta flafplate 2yt withsa plufality

shiedthodies 114a- 114 integrajed with plate FL1 and separatgd by, cavities k6.
Bodies 114a, 114c, 114d, and 114f are sufficiently thick to extend down to
stalpt&ifacedafer 1021 Bddids 3144 Fract 11282 800 134 S be€drhacon—iron

steetondustive pillass;as descibed below. Bodieshidh,and 4 14e @se thinner

than bodies 114a, 114c, 114d, and 114f to accommodate semiconductor die
compf@i%@ﬁhﬁéﬁ??&e 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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openings 112 is formed through plate 111 into cavities 116. Shielding frame
110 can be Cu, Al, ferrite or carbonyl iron, 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-bhlack ar aluminum flake to r ce the effects of EMI.and RFI. The .
rotree LAt T oinatiee Tat e IR rae e QoM B % 1ding

framsericOnductor diel 104 ropposité httivelsurface 106 cAn mptiondladhesasearse
encal&lf 3%5“?5@%9%%@%‘&9 -be gpplied ot obc?fgssqffl&(? %&d 114e of

emiconductor die 104 prior to mounting shielding frame 11 3c shows
shiednlengapgsulentldrinoldirgl compeund 148 bdepositedioves semiconductordiet or

die 104 apd interace layer 102.Usipg 2 paste pnting. campressive melding, .
transfer molding, liquid encapsulant molding, vacuum lamination, or other

die.suitdite Wéatbﬁ.ﬂméﬁé@s@étio?hﬂ@béé§@_isﬁéﬁg@% ericapsalantens
semi@%%ﬁﬂ%@BQmagé1%84”%@%%%5?:Eg%gggﬁﬁﬁge@Eﬁmg?yeollgosts 114a,

Encapsulant 118 can be polymer composite material, such as epoxy resin
114cwith fifier, epbly atAfate ity flldr;-62polgmes "Rt proper FileE FHEAPSEIAT -

118is nqrh-cp@@u.ctiyg,argj @8&9'&1@eBEﬂ'Y@%E?%%@@WE@%“%@&ucture
device from external elements and contaminants. -17 In FIG. 3d,ﬁ1inder 120

124 fendrd® PoRioRrorSHiaamg framel 150, iIRAGdRE pldteh BN dowhie ©Ff

shie0REMBOS 23240 expose encapsdlant 118 in¢avities;116.4Ehe bodies 1idbg,
and 114e of shieldin(g fame 110 remain over the back surface of

and deriiconddbfor é 192148 proviae the aesited EM AndrRFIisolation forfe 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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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 encapsulant 118, bodies 114b and 114e of
shielding frame 110, and conductive pillars 114a, 114c, 114d, and 114f. The

: build-up interconnect sfructure 124 includes an electrically conductive layer
s Rl ek SR frarme. PLO d Sondiotiis e Tin, 1838
coatiidd, anthIBAfinosectiohs @rpattionsiusing apattetning andadeposition
insulDCERY %’“Q%CH‘TF'?}’EV 12643, logmgd using.P Vf%nCVDa_»e'Egté%'Y%% expose
plating, electfoless plating process, or other suitable metal (?eposmon
condprocess. Cenductivédayer 126 can be one or more layers of Al, Cu, On, Ni,

Au, Ag, gr.othet suitable electricglly, candpctiyg material, Qng portion.of

. conductive layer 126 electrically connects to conductive pillars 114a, 114c,
insulpdd nand aiat Cthér podionsvieonductiveddger 126 can beceletnitallpr

por tGYRManQArelectrically isplated depanding onithe design and Junctiqr,of 1he e

semiconductor die. An insulating or passivation layer 128 is formed over
Layegndapsufatt 128, BBieST 1ap shd B4 6f SHiefling fayer £10, Bhd Au, AJ,

or otepductive {ayer 126; Theinsulating layer 128 £an heene- of moredayersaft i on
SiO2, Si3N4, SION, tantalum pentoxide (Ta205), aluminum oxide (A1203),

of cERGINEF MAtera N RNing Sinfiaf Shstisfnd And SUUREITAl SropeRREUTha Ve

1ayelthsulaging layerd28-484s deposited-using MR CYRy pHNting, spim ceating,
spray coating, sintering or thermal oxidation. A portion of insulating layer

electyg irehioved By an StcHing prockss td exposd ated 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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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, On, 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 b :
ot Al B o Bl Tated QPR S e Gebigh Snd
formfemction 0§ tHe/Semicdhduetbe deviceé yAn insulatinghor, passivationllayer 1832t ing
ig fgrm d oye é'nsulatintga%lygr gh%%gpd onggc%ve Igy r130. The in@gla%ngt.
PrOciZSef 132 can Be ones Si0o% SONA SION Ta208, ALDOS, " °

ayer e one or more layers of Si N4, SION, afOS,
layeor dther araterial havingesimilar tnsbtatiegsaref stidctufal prépertiés., The1, Ag,

or olffulatiog jayar 132 .1s deppsited using, RYR. GVR, BIIAMG: SPIN CQYNG, o+ 5 o

spray coating, sintering or thermal oxidation. A portion of insulating layer 132
of cigneaimdVetEby anicHiAg pPocesstd Bxpbge condactive lagecP30UAFIGE 3f,

pi1184Rstrete 100 andlinterfage layers102 are. rempyed by chemical efghing,
mechanical peel-off’, CMP, mechanical grinding, thermal bake, laser

condgednhiifg, ot ¥fet dEFippiR AdSotforf Side Baild-tip FerOnNeE: Sthactlrel T34 1V

i so1igt fameduer encapsulantl 18, semicanductordie 104, aade genductive
pillars 114a, 114c, 114d, and 114f. The build-up interconnect structure 134
semigepiiesEireldéffically conductive layer 136 formed over encapsulant 118

an_d Con@l#ﬁt-ﬁlﬁsﬂﬂl'fﬁﬁ ihtfad lﬁgﬁ?gs 314d,ranchl :!L%fyi@ J_Segtiai@ni@r @Qﬂfﬂ@& over
encaband e T e A N o8 g CU TR S 0 R oyer
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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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, On, 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. isolate pending o
layefﬂe?dé‘e%sigcr?gng?ur?c?%noo]?ft éjrseenn%i%ﬁéﬁct(#d%.l%%’ingtha n% orglgﬂ\g’ tazos,
Al20passivationlayent3&isifaimed oveg encapsalant 18, 1semicgnductor die

4, @ caonductive layer 136, The in§ latin Ieiyer 138.¢ be one o r

s R SOk oot ALo0H for She! matara ey S Ced
us 1nginflép insulatingcamich$tructurad pioperties. iThe insplating Clagéri 138 issintering
or tfienasitedising, PYD, CVR, printing, spincogting, Spray,cqating, singering or

thermal oxidation. A portion of insulating layer 138 is removed by an etching
remoyrteby taexedse) torduetivesiageit P3G NP ek civally ebadgctiveviayer. F40

formed qyer Jnsulating layey 138.and-cangductive layer 1364 sggtions or

portions using a patterning and deposition process. Conductive layer 140
depogdrt Be oresot merclagérsvst Alagar Oh? Niukd g, 28r Bifer Stitablen,

elec%@6q§@H$CB@@%%W@J“@E%@%f%%%@@”@ﬂa@ﬁ?@ﬂdq§§YQk@@%ﬁﬂoor screen
_ electrically connects to conductive layer 136. Other portions of conductive
PrinfayBP180 ¢8R b2- elethfcally LORimBA bf Blethiclly isharerdéigndingsn

electhe: design anshignetian,ef thersemigonductgr deyge. An jnsulatingor pp, Bi,
passivation layer 142 is formed over ,insulatinfgllayer 138 and conductive
and %&épiﬁOFﬁﬁfﬁ%EkHM@th an optional uX 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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-20 layer 142 can be one or more layers of Si02, Si3N4, SiON, Ta205,
A1203, 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

11.4CI86UrgRll. panductive solder material is. deposited over conductiye layer 149 .
using an evaporgtlon, é[]ectrolytlc pf}itlng, glectroless plating, balfl drop, or
gr ousctepn iprintirigrprogess. ritersuldercmateriat cah iecariyZrhetat of 3dlectrically

cond%%r{diu&%ivﬁmﬁtsrri%" B8 5N Ny AU, Ag, D, §$’da‘ﬂ?_@#9y5 gkeée%w’i@sa@ub
optional flux material. For ‘examplé, the solder material can be eutectic
and Safh, highslesael] Brrigad-freee The Gordermiaterial ishreflowed by hreatingaete

em1 TRierial ahgve Iis meling p%t&éo;m%*}erg% balls,r./bumps 14410 5ng
some applications, solder bumps 144 are reflowed a second time to improve
costeleetricafcoatastitodonductive ayer siu2. Semicenducter dit4nsae 114e of

shieSR9Ylated-with saynblade or Jaser cuiting device 146 inta,indiyidyal
semiconductor devices 150, as shown in FIG. 3g. After singulation, the

genepyhfduatYserhiitbRAnEtOEEeviced 350 ¢an bel Stacked! ie&SsHovikiin EIE &,

114aGonductivespillars 1hdas 144641 14d RRd L4 provide 25 intereeangtti 1ars
between topside interconnect build-up layer 124 and bottom-side

connpereenmEct BeMB-ugag e F P34 o dUCEVE TayétS126 AnaB2leléctrically

connect thrqugh cenductivepilars A l4a, anddd4de te conductiveayersil3s or

.and 140 and contact pads 108 of semiconductor die 104. The bodies 114b
deVl&ﬁdlliécﬁgﬁ%kﬁﬁ e, 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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frame 110 provide isolation for semiconductor die 104 from EMI, RFI, and
other inter-device interference. The bodies 114b and -21 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 EM] shielding, as found in the prior art, which adds time and
i e ettty Drasess 18 Bomet KAt Lt 1145 oF g 24
and frarme 11thalso provide doredissipatiarmof heatCgenérated by sefreconducterl ,
< cxdie 104 The bodies 1143, 314c. L14d, and 1141 of shielding frame:L10 are
conductive pillars connected between interconnect structures 124 and 134.
epoxFIG.Bskhows anethes embodimenpohthe sertiednductdr deviees litthis caggble
of pie/RieoRduetar deyice 152 includes throygh silicon vias (TSY) 154 dgrmed in
semiconductor die 104h. TSVs 154 are formed by etching or drilling a via
through theldikcom enaterialcatsepribonduesi dieciD4-ad filling ¢he viBwign t 1on
haveAbeCH $A1NL AL A, titanium, (1D, W,.qr other;sujtable, electrically; 1
conductive material. The bodies 114b and 114e of shielding frame 110 are
aprrelgtically etndted fhrotgh ISV 154 agontdct padls 108tdre e
emboldtereannedt sirusturg 134. Aceardinglucbays 14 provide acondugtian path e
from bodies 114b and 114e of shielding frame 110 through contact pads 108
presghd inferEoHnet stttcttifd 152%¢ an'dktdrial foRtinpeddncegrolind 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
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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
-22 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, ndugtive resin, and other metals and
composites capable of blocking E ?-‘élﬂ and other inter-device
interference. While one or more embodiments of the present invention have

Wh been %Iygtr%teg,in detail, the skilled artisan will appreciate that modifications
at™1 1med: . . .
and adaptations to those embodiments may be made without departing from

the scope of the present invention as set forth in the following claims. -23

1. Claims What lyclaimed: 1 A method, ot manufaciing,a sgmigonductor

device, comprising: providing a pré-fabricated shielding frame; providing a
compgdctifictal substrate; mounting a semiconductor die to the sacrificial substrate;

moppting ihe,shiejding frame; over dhe semicondugtar.dig and sacrificial
substrate; depositing an encapsulant through the shielding frame around the
sérronduedr dies demoling e first pbRioreéfthe shielding frame to expose

the-gncapsylant, suhereithemeving thefirst pertionofthe i cia1 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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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

3. framme leavésod thifd porion of the shielding iframedrognd the semiconductor

di |Jgh ovide aCOPd (:tlvef plllg ecrgrlc |1¥ cted betwe nth% irst
g Vé%conci5 inte co%]?laect sth ucturets éZZiL 3. Th(:}aj mogtﬁt(? of C%.Ynl]CZ urtheré1
|n@[ud¢rrgf tacking aphuralityiofdthé semiconcluetbr davicesndnd telectlieatyre s

thro% ecting the stacked s glgq%q}lctor devices through the conductive pillar.

he method of claim 1, further including providing an opening through the
shleldlng frame to disperse the encapsulant into cavities below the shielding

4. frame. peThgmeshod of claim 1, furtherforming,a thygyah, siigen ;vig in the

semiconductor die to ground the shielding frame. 6. The method of Claim 1,

openf el IHehidifg FormiRg heDohn Sifc BER R CBhER®S pads be tiRncapsulant

int oSeMpicopductop die,gnd the §§§g@@1m{%rcppgﬁgt.structure. 7. The method of
claim 1, further including forming a shielding layer around the semiconductor

die between the first
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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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-35 remowing g first orin of the, .
shief&mg frdme to exposg the encapsulan?, wherein ren?ovmg the first ©*F
the portiop of the tshieltmydiame deavesraysetondtpartion b tiel shietding frame
sn1<QUeIdhe semiconductordig as shislding o ntederence: and funing adist..
interconnect structure over the semiconductor die, second portion of the
overshibklimeframendnd o first sidensf thelentapsylaht On Thetmethedasfataimpnd

8 dlipther Including. fgrming a,secpd Jpterconiedt strugtie oygrthe

semiconductor die and a second side of the encapsulant opposite the first
semigigadt ¢ encdpsulatc A0 Therhéthodot cldim g Huahdiinglugimgrformimy a

firs® sbmglgir{gflaggrea@gggfggg seiconductor 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

9. arpyadi{he semicanductardig which provides,a eanductive pilangonnected nq
between the first and second interconnect

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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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 -26 into cavities below the shielding frame. 14. The

method&f@cslaanﬁ furl;%}er formgq .throujgp %“COI’I via in the semiconductor

into . :
h odlcéai\élground & gﬁ“fel meg rame. 15. A method of manufacturing a

semiconductor device, comprising: providing a pre-fabricated shielding
1. rame: mouninadhe shielding frame oyer,a semicongustoy e, .ggpositing.an
encapsu?ant through the shie dlnglflrame around the' sémiconductor die; and
via ramdvirg adirstoporton ofthelskieldingframectotéxpose ithecEntapsukane -
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
15. sthuctaiteroverahie "sericentuetbn dies seeavid podiontoftheshielding frame,
comp@id &, first side of the encapsulant; and forming a second interconnect
structure over the semiconductor die and a second side of the encapsulant
oppesTted iHETfirst Bide ofthe eficdpstiamt 2 7ITRE niethB§ of claim 15,

whergin rergoving the fisst poriion: o the shielding fame-lsaves adbird: ¢ ;
portion of the shielding
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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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 -27 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 qfihsp rse thS gnca sulanLF into c%/iéiegtbel w the shi$ldir}ﬁ%fra§:noef Zg.eThe

clLeCLr a connectetin a e semilco uc vices
metno Ofléialm {5, urtIFler orn’ﬁng athroug% siicon via in the

throsgriconductondiectoigreund the shielding frame. 21. A semiconductor
device, comprising: a semiconductor die; a pre-fabricated shielding frame
mounted over the semiconductor die; an encapsulant deposited around the

19. sdihicondttiod die andaanfirdtintefeoriieet stroctrel formeeroverdifirgt side

openﬁkgﬁ%8@%&%%“%%55@3¥@¥EQQ@efPQH&EEHC%Y§5@¥§¥et%%'Q%%apsulant

semiconductor device of claim 21, further including a second interconnect
intostpgctiiel formed over tesemicohduttr Bf@md a second side of the

encapsulant opposite the first side of the encapsulant. 23. The

semiconductor device of claim 22, further including a conductive pillar

20. fofmedeabing tie serhicbhdletor Hie; the feoritieive pilaF bemga: psribh st
via the shigldingframgq24.-Hhe semicondyctor deviceof olaiom 23 fyrther, e .

including a plurality of the semiconductor devices electrically connected
through the conductive pillar.

21. A semiconductor device, comprising:
a semiconductor die;
a pre—-fabricated shielding frame mounted over the
semiconductor die;
an encapsulant deposited around the semiconductor die; and
a first interconnect structure formed over a first side of

the encapsulant, shielding frame, and semiconductor die.

22. The semiconductor device of claim 21, further including a
second interconnect structure formed over the semiconductor die
and a second side of the encapsulant opposite the first side of

the encapsulant.

23. The semiconductor device of claim 22, further including a
conductive pillar formed around the semiconductor die, the

conductive pillar being a portion of the shielding frame.
24. The semiconductor device of claim 23, further including a

plurality of the semiconductor devices electrically connected

through the conductive pillar.
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-28 25. The semiconductor device of claim 21, further including a through
silicon via formed in the semiconductor die and electrically interconnected to
the shielding frame. -29

25. The semiconductor device of claim 21, further including a
through silicon via formed in the semiconductor die and

electrically interconnected to the shielding frame.
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