SEMICONDUCTOR DEVICE AND METHOD OF FORMING 3D INDUCTOR
FROM PREFABRICATED PILLAR FRAME Field of the Invention The
present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of forming a 3D inductor
from a prefabricated pillar frame. Background of the Invention
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components. Discrete semiconductor devices generally contain one type of
electrical component, e.g., light emitting diode (LED), small signal transistor,

resistor, capacitor, indu%tggaf@doqpv%q{éngmgﬁiggoﬁemiconductor field

effect transistor (MOSFET). Integrated semiconductor devices typically
contain hundreds to millions of electrical components. Examples of

integrateg sempicondytor devices nclude microcpptrgliers, micrpprocessors,

_charged- coupled devices (CODs), solar cells, and digital micro-mirror
semigeviees (DVID3F VSemontddetor devices PeHformaa wite fange dfefihefionsictor

devisichias highespeed caleyations, transmitting, and, regaiving gletomagnetic: <4
~__signals, controlling electronic devices, transforming sunlight to electricity,
pilland EFcdling visual projections for television displays. Semiconductor
devices are found in the fields of entertainment, -1 communications, power

conversion, networks, computers, and consumer products. Semiconductor
devices are also fouftpfikground 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,



military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of
semiconductor materials. The atomic structure of semiconductor material
allows its electrical conductivity to be manipulated by the application of an
electric field or through the process of doping. Doping introduces impurities
inta the_ semiconductor material to.manipulatte anJg control thetconductiviéy of
comin nlcat.long, 8086]: CORV@IS:LOD rtle &JOI S cionﬁ%u ?.IS, %D
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voltage and current necessary to perform a variety of electrical functions.
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dreds of steps. Front-end manufacturing involves the formation of a
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A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

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

contains circuits formed by electrically connecting active and



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 . .
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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. 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.

An integrated three dimensional (3D) inductor can be
made by forming through mold via (TMV) in the encapsulant around
a ferromagnetic core material, as described in US Publication
20080135977. The TMVs are plated to form metal inductor pillars
which are electrically connected in a coiled arrangement around

the ferromagnetic core. The lithography and plating processes



the ferromagnetic core. The lithography and plating processes -3 needed to
form the inductor pillars are time consuming and costly. Summary of the
Invention A need exists for 3D inductors without using costly lithography and
plating processes to form the inductor pillars. Accordingly, in one
embodiment, the present invention is a method of making a semiconductor
needlgVics comprising the steps.of praviding & temparary. carrigr, mounfing o
semiconductor die or componenFover e temporary carrier, Pormlﬁg an
costihductor core over the temporary carrier, and mounting a prefabricated pillar
frame over the temporary carrier and semiconductor die or component. The
prefabricated pillar frame includes a plurality of bodies extending from a
plate. The bodies are dijpmrry arfurith@einyestsiomre. The method further
includes the steps of depositing an encapsulant through an opening in the
plate to cover the semiconductor die or component, bodies, and inductor
core, rerhovifgdhe platé of fire préfabrivhied pillar frafmeowhileldéadng ave- 1 v
11 tnpedies 1o farmuindugtor piflass ground.the indyctor, core, foming:a.irsti11ars .
interconnect structure over a first surface of the encapsulant, removing the
Accofgfipstaly carfiePEhdCTaftiAg aSecohBntercoTfiEt SRS 6Verid 2
methsecand siufacepfathe-ancapsulant oppasite the firskipterconnectisructies o

The first and second interconnect structures are electrically connected to
ProviHeliRguétoF BNBRS O 3DSRducter iy Ahdther EFAbGHImeRE the preserftr
complP¥entionisa rnethodLofraaking asemicenducter-devige samprisingtbe core

stegs of providing a carrier, mounting a semiconductor comgonent over the
over the temporary carrier, and mounting a prefabricated pillar

frame over the temporary carrier and semiconductor die or

component. The prefabricated pillar frame includes a plurality
of bodies extending from a plate. The bodies are disposed
around the inductor core. The method further includes the steps

of depositing an encapsulant through an opening in the plate to
cover the semiconductor die or component, bodies, and inductor
core, removing the plate of the prefabricated pillar frame while
leaving the bodies to form inductor pillars around the inductor
core, forming a first interconnect structure over a first
surface of the encapsulant, removing the temporary carrier, and
forming a second interconnect structure over a second surface of
the encapsulant opposite the first interconnect structure. The
first and second interconnect structures are electrically
connected to the inductor pillars to form a 3D inductor.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting a semiconductor component over the

carrier, forming an inductor core over the carrier, mounting a



carrier, forming an inductor core over the carrier, mounting a -4 prefabricated
pillar frame over the carrier, semiconductor component, and inductor core,
depositing an encapsulant over the semiconductor component, prefabricated
pillar frame, and inductor core, and removing a portion of the prefabricated
pillar frame. A remaining portion of the prefabricated pillar frame provides

mglggtorflllgrs ?li(ﬁ?arld tPe inductor corg. The me}hod further inclu esttgg
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. semiconductor component and pillar frame, and removing a portion of the
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remolR@ fethed fyrtherdncludes the,stepnref forming.a firstinterconngststructure
over a first surface of the encapsulant. The first interconnect structure is
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stru§?8¥ggdgggrg?ggg?ggg%Tg connected to the inductor pillars to
form a 3D inductor.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, mounting a semiconductor component over the
carrier, mounting a pillar frame over the carrier and
semiconductor component, depositing an encapsulant over the
semiconductor component and pillar frame, and removing a portion
of the pillar frame. A remaining portion of the pillar frame
provides inductor pillars. The method further includes the step
of forming a first interconnect structure over a first surface
of the encapsulant. The first interconnect structure is
electrically connected to the inductor pillars to form a 3D
inductor.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor component and
inductor core form in proximity to the semiconductor component.
A pillar frame is mounted over the carrier and semiconductor

component and inductor core. An encapsulant is deposited over



inductor core form in proximity to the semiconductor component. A pillar
frame is mounted over the carrier and semiconductor component and
inductor core. An encapsulant is deposited over -5 the semiconductor
component, pillar frame, and inductor core. A portion of the pillar frame is
removed to form inductor pillars around the inductor core. A first interconnect
structure formed over a frrstcsurfa% of the encapsula t. A %ecqCo -
m?erconnec 1fructure i$'formed over a second “Slrface of the encapsu%n%
portgpposite thedirstii ﬂrtbmorﬁmhstrureturezrﬁﬁweeCﬂrrstcanﬂosem:onddmetm nect lars
structures. ctrlc connected to the inductor pillars tg form Qne or .
arour%%r(ec%% mcf%ctors Brief Sescr?bt%n 0 t—fhel Ilgtrgwmcérgﬁl?é% 1 |h6§1t$ates a P(S,B
formwith elifferent types of packages afounted tonits sarfdce) tFlGsA2a<2edldstrate
incLler detallaf e representaliys semisoaduglos packages peuniedds (e
B; FIGs. 3a-3k illustrate a process of using a prefabricated pillar frame to
encammh Atrcomiees pilkrd BAad findgétot pillarsarmupdtarsingductorcere; FiGe 4
£ 1 r siiUstRtes dhe samiconductor devicewith, 3P, inductars andawithaut, 11 ¢
interconnect pillars; FIG. 5 illustrates the semiconductor device having
conngifiipte 8D ihBECOFSIIIGOB ilfistrates staekEé@ SBniEBhdRiEtaTWiE with 3D
induledyetors and interconnect pillars; FIG. 7 illustrates side-by-side
semiconductor die with 3D inductors and interconnect pillars;

the A

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 using a
prefabricated pillar frame to form interconnect pillars and
inductor pillars around an inductor core;

FIG. 4 illustrates the semiconductor device with 3D
inductors and without interconnect pillars;

FIG. 5 illustrates the semiconductor device having
multiple 3D inductors;

FIG. 6 illustrates stacked semiconductor die with 3D
inductors and interconnect pillars;

FIG. 7 illustrates side-by-side semiconductor die with
3D inductors and interconnect pillars;

FIG. 8 illustrates the semiconductor device with 3D
inductors and a shielding layer formed over the semiconductor

die;



FIG. 8 illustrates the semiconductor device with 3D inductors and a shielding
layer formed over the semiconductor die; -6 FIG. 9 illustrates the
semiconductor device with 3D inductors and capacitor and resistor formed in
build-up interconnect structure; and FIG. 10 illustrates the semiconductor
device with 3D inductors and discrete semiconductor components formed

over the uild-up interconnegtaver, Detalled Besgription of e Drawings 5.

The present invention is éScribed inone or more embodiments in the
indufotlowingrdescription Withrreferénce $0 Hiso fighrespém whichdikelautmerals
inteq:egg%%encttthe same.or smﬂgglézlements. While the invention is described in

ferms of the best mode for ac ieving the invention's objectives, it will be
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~_scope of the invention as defined by the appended claims and their
builgquivalenhtssas supsottedlBy tHe- following disclosure and drawings.
Semiconductor devices are generally manufactured using two complex

manufacturing processes: front-end manufacturing and back-end
manufacturingPPicit-Epd ReFeaiRiHeINAAvER P FGHHARDBH of a plurality
of die on the surface of a semiconductor wafer. Each die on the wafer

containsaglive ande Rassive elgctrigal components, which,argelegtrically
connected to form functional electrical circuits. Active electrical components,

embogljitFaS frandistts ah iGHEs) haVe & aBlitPfp ith 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



control the flow of electrical current. Passive electrical components, such as
capacitors, inductors, resistors, and transformers, create a relationship
between voltage and current -7 necessary to perform electrical circuit
functions. Passive and active components are formed over the surface of the
semiconductor wafer by a series of process steps including doping,

depositiocn photoIJithcr)[graEh ,etching, and planarj atiog. Doging introduces
necessarﬁ. o) EFE ornr e eétrlca ClrGult #%nc 10N3,. .
impurities into the “Semiconductor material by techniques such as ion

implantatien ©f viheemdl diffusion. Theudopmgtproeess modifies thewetedtiieal

sur £5QAuckvity, of semicondyctor materialin active deyices, trgPSfor”ﬁ‘ %’ﬁ%‘esteps
semiconductor material into an insulator, conductor, or gynam cally changing
incltnéisemidonductor Arteridl téonductiity imlrieshonserdian etdotiic figld ornd

p1anB3SEGYHeRt. Trapsisiors contain reaians ghyaryingypes apd degrees of

doping arranged as necessary to enable the transistor to promote or restrict
semiferiibig bPeletfrical éarkevuporciheigpptisatior: of dive elttricfidld of dasen or

therfiliTent; Active gnd passive eompanenis,aedformed py;layersipf matendals ¢,

with different electrical properties. The layers can be formed by a variety of
condyepasitidry teehnifties Yeteratined im Pt By theltype Of iateA&MICIRG /

t randeRsitedy Fenexample: thin Lilm deppsition may-involve chemical yager
deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and
condyigkfless platntProtesses. ExeRdayst is genérdly cpatetnbd o forner 1at

condpetions ©f agtive-eipparentsopassive Lompenents 101 electicédle current.
connections between components. The layers can be patterned using
TranﬁWiBmﬁﬁgﬁﬂﬂﬁéln reglions 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.

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

The portion of the photoresist pattern subjected to light is

removed using a solvent, exposing portions of the underlying



which involves the deposition of light sensitive material, e.g., photoresist,
over the layer to be patterned. A pattern is transferred from a photomask to
the photoresist using light. The portion of the photoresist pattern subjected to
light is removed using a solvent, exposing portions of the underlying -8 layer
to be patterned. The remainder of the photoresist is removed, leaving behind

a patterned layer. Alternatively, some types of materials are _patterned b
Loy o e et e (e Mads G vaiie PR By & prBvibds
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remove material from the surface of the wafer and produce a uniformly flat

elecgmedaet iIRlanafZativh-involves polishing the surface of the wafer with a
polishingypad,An ?9?59‘3&‘%6@3{ and gorrpsive, chemigglare, added 1q the,

surface of the wafer during polishing. The combined mechanical action of the
pattgbrashRlarfieoIPesivé actidre ofiRe EREMital Perhbeédany trégifate & non-

uni FOPRYEARNY. Fesylingina  unifoplyfiatsiface Backierd manyactbgngred to
refers to cutting or singulating the finished wafer into the individual die and

prodifes Eﬁé%ﬁﬁﬁgﬁﬂﬁd%QB?s &ﬁ%ﬂ%uﬁﬁﬁk%ﬁd%ﬁﬁmﬁﬁnﬁﬂﬁmP%6E&%%.To
compRgdlate thecdigntheiwafer isiseargdiandfyeken Aleeg Hea-faetionall from

the §§¥¥§g§t2%wfggr%§¥gisaﬁgnggggﬂée 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
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made

with solder bumps, stud bumps, conductive paste, or wirebonds.



scribes. The wafer is singulated using a laser cutting tool or saw blade. After
singulation, the individual die are mounted to a package substrate that
includes pins or contact pads for interconnection with other system
components. Contact pads formed over the semiconductor die are then
connected to contact pads within the package. The electrical connections

an cfLBEMade with soldet DumpS, siud bumps, conductie paste of ouer e
wirebonds. -9 An encapsulant or othrer molding material is deposited over the

packpaekage toprovide physicatsupporpad electritat isofdtionc althe finished on .
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semiconductor device is made availa ?e to the other system components:
and EIG. fillostratesaelédtionid deviee Sohavdmglachiyr caerarsubstratedePCB

ava ﬁl%%\ﬂtg 3 plurality g{ﬁglpicﬁolpgygpr Rackagesmounted on its surface.

Electronic device 50 may have one type of semiconductor package, or
multiple Bffes of semitdhtacior padkajes; depeAdiig oh the dpplicatorr chip

carr18e diffgrent typesaf seppicendycion packages are showp IREIG L9 ot or

purposes of illustration. Electronic device 50 may be a stand-alone system
packege USEIUAE 2enfiConduttsrFackages t& peAdiibhe ciiares efdtifiey have

one tupctions @@ﬁ@%@%&%@r?{ﬁ%%@@ S0rmay 1he g subeompongept of a
larger system. For example, electronic device 50 may be a %r,aphics card,
semigeRigik riterfRceEarr or StRersighatprotessifg 2Rkt thak taf be indéited

di f figteaccorputer ocEhe semicanduestos pPaskage gan inghides HBIGFOPIACESSO!S,1
memories, application specific integrated circuits (ASICS), logic circuits,

For praIBg Hituits, RE tirdhit t1on -

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

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

Signal traces 54 provide for electrical communication between

-10-



discrete devices, or other semiconductor die or electrical components. 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
cacning, or other suitable.metal deposition procese. Sianal races.54 provide

for electrical communication between-10’each c?fttﬁe semlgondeuafor’
othepackagesnmbustettcomponentscand .oth&rextemd $ystespcompondrtspower

and §185esp4-als0 provide Eo‘f’gre%”c%g%) n hceo“98%9%%%&%%%%0%‘9&a es.
emiconductor packages. In some embodiments, a semiconductor devic
has two Ipackagingdeveld 1Fiestievel packagingrisiatechmigas fore has two

packRgehanically and e'eﬂ@%aé'yfé@&ﬂi“&é@?_é&fﬁ&%@%"ﬁ;@%ﬁifé{?le for
intermediate carrier. Second level packaging involves mechanically and
mechgletireally attachifd ¢ivd memddiattdafied 1o théPCBMA ofifefuctor die to

an iBMbegiments.a semiconductas deyice T@e@”'ﬁﬁ@ﬁygﬁﬁ%ér%ﬂ%@ﬂyes
packaging where the die is mechanically and electrically mounted directly to

mechihpipeBl Fopie Surpese bf ithistraficrt severd types offisstnasdlate carrier

to tPackaging, includipg yvire.hend package 56 and iR Ghin =8 areghonnon,
PCB 52. Additiqugtlg, several types of second level packaging, including balf]
onlygfhid Afraly 1BGA) 6D, bl thiprcafier (BCEY 822dt&Sndihé patkage (DIP)

mechBé.iland gridsanay (kGA) 66amulti-ghipaedulg {MGM) 68 -guad flatocs .
non-leaded package (QFN) 70, and quad flat package 72, are shown

mounted’ 6% PEB 521 DepEhding dpdit e §ysté reqGivémantst Ry s ©F
firseombifaliofackaging, 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
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
functionality, electronic devices can be manufactured using

cheaper components and a streamlined manufacturing process. The
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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 embodiments, electronic device 50
includes a single attached semiconductor package, while other embodiments
call for multiple interconnected packages. By combining one or more

i%miconguctor epackage§ over g ingle s bst£ate manalfalcturers can .
resu in ceV1CES a& eSS g #O all an esa expen51ve to
mcorp%rate pre-made components into electronic devices and systems.
manuBecausestheesemiconductor packages inclate Sophisticatedefunctionality,

electronig geyices can he manufadiyerl ysing gfeapencempensais and.a
streamline m'anu?acturing process. The -11 resuftlng evices are less ﬁkes]y
FIG.tofail ahduess expensive torararmidaetute resultiry in‘a lowertcedt for PCB 52.

SemiCUIRUMErs, FIGES, 2812 ﬁ@‘i\ﬂc?&”?ﬂla%’é@{%%%é%kp%%‘i?&&§n G- 282104
illustrates further detail of DIP 64 mounted on PCB 52. Semiconductor die 74

or dﬁq@m@@é a?ﬂmwfetré_grbnpdmﬁﬁ@dar@eﬂp@@rid@it@l%%g% imf@lémh‘f@d as

devi@elive deyices. passive devices, conductive layers..and, dielectic, Iayers i thin
formed within the die and are electrically interconnected according to the

the gleetritafdesign of B dieCEol BxampR: a8 BircUiEMay Cireiitiershe-6r fridfe

e leckansigtorsdiades, indudiersy¢apacitors, [esisiphs. andithen iyt may
, elements formed within the active region of semiconductor die 74. Contact
inclygfs 76 ar® bnBOF Indre? Iayers 8F Condlichive atéAall SGER 8s afRmaht o S

resi@b€oppendCo}HE(SN) roickel (Ni)egold(Au cetsitver (Ag) andideactive

_electrically connected to the circuit elements formed within semiconductor
regigi 71 Dl assemiy bf B 647 semicdndtictorPdid 74’8 Motnted%o 3 more

1 ayeterprediaigattiar8 msing@igald- 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. 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
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire
bonds 94 provide first level packing interconnect between

contact pads 96 and 98. Molding compound or encapsulant 100 is
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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 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

mojsture and particles from entering. the package and contaminating die 74 _ .
IePOGH A bons 82 FIG 35 llusirates Torthér ASkail of BCC 63 Hotnted o - ° 19
phy sPE8152 Bemiconductoe dec88 iscmbuntedever carderr9C usinteam aaderfill

contQEPRYFesiadnesive materal 92, Wite %Orfgcg“%r VP%“%&'%‘{SED a
packing interconnect between contact pa s 96 and 98. Mo ing compou%d
suitebdrcapsufant d€pads 112 depesitdd ever Senticorductorldie B8jand wire

e1ecONdS.94 to,pravide, physicalsupportand electrical isolation for the,devige. ;.o
Contact pads 102 are formed over a surface of PCB 52 using a suitable
e lecipets depositionstehededtrolytiteplating o electroless piating 16 prventaces

54 1@xidation; Contaghpads 02 gre. efegtrically,conpectedlo ane-or MO og of

conductive signal traces 54 in PCB 52. Bumps 104 are formed between
BCC éontasthads 98 6f BEC B2l4d eéntaeBpads 102 of PCB 52. In FIG. 2c,

semicongycter die 58 is moynted fage-down, 1@ infermediate cardgr 96 wWithown
a flip chip style first level packaging. Active region 108 of semiconductor die

to 158 eEREIS BhafGy ordigital Wrclits implefldite FasRctHiVY tevictE Spassive L

packéeMiees, conductive laygrs, andalielsetrisdayers farmed acgording te e ains
electrical des,ign of the die, For example, the circuit may include one or more

analﬁgﬁﬁgﬁﬁ§Qﬁ é&sﬁﬁdﬁﬁ&%@s 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
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
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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

aze DPSB 52 1rough bumps 110, signalines. 114, 09 bumps. 142 A molding
compound or encapsujran iS" deposited over semiconducior die 58 an
to PCArrieR 106 ioprdVide physicatsupport and electrical isalaticrofonsher devicet
inte‘gg‘%dg%ggipcsaerrgifgnd%tgr. device provides a short electrical co_nduction
path from the active devices on semiconductor die 58 to conduction tracks
on PCB B2Gs ordertdredddaisighalt prepagationdistafce, doweng a

seniCARAGIAPSS. and,improye pvaralk girgyikperfarmanee, In gnother
embodiment, the semiconductor -13 die 58 can be mechanically and
prefgleetricatly ordcied direethe t8 PCR G225y fliprehie B fist lebeg and

indulRekaging without, inieymediate carder.106.:FIGs, 33:3k IN3irate 4, Process 1
of forming a semiconductor device having 3D inductors made witha
subshetdisticaed pifar FEmMeZHlated beernSeritdRdlietbr Hicddnd URdudsr Edret con.

polyHG 3 areacrificiabesterporapt reusabler shbstratg o carrien1 120 cpoxy,
contains base material such as silicon, polymer, polymer composite, metal,

beryddramfic, Glass glasPepoxsyt BEriftimeoXide thpe lorother Suitdbie 16v-cost,

matekidigd1 material ferstructiral suppRyt-tSemiconductor die or components 122

are mounted to carrier 120 with contact pads 124 oriented downward over

the Semiconductor die or components 122 are mounted to
carrier 120 with contact pads 124 oriented downward over the
carrier. Semiconductor die 122 each include an active region
126 containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within the die and electrically interconnected
according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
126 to implement baseband analog circuits or digital circuits,
such as digital signal processor (DSP), ASIC, memory, or other
signal processing circuit. Semiconductor die 122 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. Semiconductor die 122 can be a flipchip
type device or wire bond type device. In another embodiment, a
discrete component can be mounted over carrier 120.

A preformed inductor core 128 is mounted over carrier

120 between semiconductor die 122. The inductor core 128 1is

typically surface mounted at designated locations on carrier
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carrier. Semiconductor die 122 each include an active region 126 containing
analog or digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die and electrically
interconnected according to the electrical design and function of the die. For
example, the circuit may include one or more transistors, diodes, and other

120 .Clr%%tt%%mgggsv@émed -V%'H*drc‘;@g%v%ﬁ%refaﬁ.?”&tg 'gﬂg'%{gegtsq%ega;gg PVD,
analog circuits or r\éftallcwcuns, such as digital signhal processor P),

CVD, ASIC anemory,ortathére signab prdcessingreicaits Senicenductoradie 1 22ore

125 8 al%0 Sonialn|RD. $Ueh s INdictars, qapaciiors, Andesistors, fof RF
signal processing. emiconductor tie can be a flipchip ¥ype evice or

ferrwire hontiypadevicealh anotherembadiméntca cdisorete compahent.edn be In

ot neOURIRAQYEr cariqr 120, A prefarmed nductar coge 168 1s mounted gyeh, 55

carrier 120 between semiconductor die 122. The inductor core 128 is
FeOFgpically Bufhee prourfie@Be designatedieatiotison carrier -14 120.

Alternatiyely, inductor core. 428 ¢an be dengsited by RVD, SR 0r athert

suitable deposition process. The inductor core 128 can be suitable either

semigQBfiesT Rorkerystalliie! fémemagRstic fizteria or féomaghetidn FIGs.

3c-380Mpesite material ki ather emhodiment, daduciongare L28caminciuge |
alloys such as FeOFe203, NiOFe203, CuOFe203, or MgOFe203. A
madepretabtidated HAP frARRATIG R mbERTEIDVET Ysemicohdaétof B E22 dfd

inclindystos cene 128,1as- shawn inkiGs. . 3¢-8dr 1 ore enbogiments 134a-134f

prefabricatet%%llar frame 130 is made with Cu using leadframe technolo

intepfiar fdnte 130 Sndhfes diat Prhte 182 AlEA phitafity ‘of bbdfes! ti4a- g%&*jies

134a-134f are sufficiently thick to extend down to carrier 120
when pillar frame 130 is mounted over semiconductor die 122. An
optional adhesive or thermal interface material 138 provides a
secure physical contact between plate 132 and a back surface of
semiconductor die 122. A plurality of openings 140 is formed
through plate 132 into cavities 136. The prefabricated pillar
frame 130 is simple to manufacture and cost effective in
comparison to the plated TMV pillars discussed in the
background.

FIG. 3d shows pillar frame 130 mounted over
semiconductor die 122. Bodies 134a and 134d are vertical (z-
direction) interconnect pillars. The inductor core 128 is
disposed in cavity 136 between bodies 134b-134c and between
bodies 134e-134f. Bodies 134b, 134c, 134e, and 134f are
inductor pillars around inductor core 128.

FIG. 3e shows an encapsulant or molding compound 146
deposited over semiconductor die 122 and prefabricated pillar

frame 130 using a paste printing, compressive molding, transfer
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integrated with plate 132 and separated by cavities 136. Bodies 134a-134f
are sufficiently thick to extend down to carrier 120 when pillar frame 130 is
mounted over semiconductor die 122. An optional adhesive or thermal
interface material 138 provides a secure physical contact between plate 132
and a back surface of semiconductor die 122. A plurality of openings 140 is
mo1afPged, tiouch plate 132 nfo cayities 126, The prefebricated pilar, frame
156'1s sm%lfe 0 manufacture and Cost effective in comparison to the p%]fe
suitiMM\epilarsldiseussed in The ackgrounta F1Gn3gshows piltar fraemes £30
encaflOUsL oVl SN AR 128 Bafles 840 Ayt arperienl i
irection) interconnect pillars: The inductor core 1287 isposed In cavity
pill1236 betweenlBodies 134brid4kaartd Béiveenn bbdies dBde<134foBodiest e
natet34, 1364340 andtare: idyetok pilars atound ACIOE 0T 128 o
FIG. 3e shows an encapsulant or molding compound 146 deposited over
fillsemiceohdaetbydir122 ahdprefapricatedsiffar frAmea8301using algdéstés non-
condRliAting. compressive maldingtraster a-molding, Jiquid encapsulant, gqevice
molding, vacuum lamination, or other suitable applicator. The encapsulation
fromyRekss Bishefsesn @RE&pSUlEnCRAE- tHPOHGH: B S enings 42D SHtb ¢Hvities°136
enc1below pillar frame, 130, Encapsulant 146 ganda-pelymer COMPOsits podies
material, such as epoxy resin with filler, epoxy acrylate with filler, or polymer
134aw?tﬁ§roper filler. Encapsulant 146 is non- conductive and environmentally
protects the semicongductor deyice from extemal elementsangh of pillar

contaminants. Encapsulant 146 encloses semiconductor die 122, inductor
framaﬂé%%g h%ﬂ%kﬁh&? plate 132 and adhesive layer 138, to

&ther

planarize the surface and expose encapsulant 146 in cavities
136. The remaining portion of pillar frame 130 between
semiconductor die 122 becomes conductive pillars or posts 134a
and 134d for vertical z-direction interconnection, and inductor
pillars 134b, 134c, 134e, and 134f for RF signal processing.
Alternatively, the grinding can be done after removing the
sacrificial substrate or temporary carrier 120. FIG. 3g shows a
top view of interconnect pillars 134a around semiconductor die
122 and inductor pillars 134b-134c around inductor core 128, all
enclosed in encapsulant 146.

In FIG. 3h, a build-up interconnect structure 149 is
formed over the back surface of semiconductor die 122,
encapsulant 146, interconnect pillars 134a and 134d, and
inductor pillars 134b-134c and 134e-134f. The build-up
interconnect structure 149 includes at least one insulating or
passivation layer. For example, passivation layer 150 is formed
with PVD, CVD, printing, sintering, or thermal oxidation. The

passivation layer 150 can be dielectric polymer insulation
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134a-34f. In FIG. 3f, grinder 148 removes a portion of pillar frame 130,
including plate 132 and adhesive layer 138, to planarize the surface and
expose encapsulant 146 in cavities 136. The remaining portion of pillar
frame 130 between semiconductor die 122 becomes conductive pillars or
posts 134a and 134d for vertical z-direction interconnection, and inductor

mate%ygl?slg.4sbd£’ 4%’51 %%7 at??dm]p%lgggqﬁg Scl%nraelcg) rf?D escscljn : Féli%r?\?'gv%lg’sist .
e grirfding can be done afterremoving thé “sacrificial substrate or
Al tetemapgorarylcarrien $20.VEIG. g shows a 1top view dbénterconpectipifars1iB4ar s

around semiconductor.di 22 and.i ctor. pillars 134b- aroungd.
S dstchsclotn St Avatal sl sl ek Ll pa TR
oxynihtercorndct stiliciure 44944 uformed ovet e BadcSinrfaceadfusemiconduxctor

(a126/8)122, encapsplant 146, inte rﬁg'{}%“g Pillars 134a g0d 134d, and, inductor
pillars 134b-134c and 134e-134f. The build-up interconnect structure 149

Strumbm@é_a@lrémléhéeiﬁsula%gv@rfpia@@i\@ﬁoﬁm.v?éri@(_arﬁglé,er 150 1is
remoR@SsivANionjayer-13Q)is formed swith S’Vé?a%%\é@’ RHRUNG, SINEHRI M 1ars

thermal oxidation. The passivation layer 150 can be dielectric polymer

134ain3nmtibA 446 nfaterialRisGéPas fow tethperatire cutéd phbtbsensitive tédist.

Alternatiyely, I%%%Si\éﬁll?ﬁ layer15Q, 630 be anegripgre-layets pf siligen
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum

inclydadxide (Fa265), AMFnmbRt bxite(A1203 "o Gthél fatéria habirg SAaed
overinsulagngaadn stiuctyral properties A portian-ef Rassivation layar 150 is

passran Ean ] Y PO 0 S0 I et 1 1ars 134a and
134d, and inductor pillars 134b-134c and 134e-134f using
patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 152 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 152 is electrically connected to
interconnect pillars 134a and 134d to provide vertical, z-
direction interconnect. Conductive layer 152 is also
electrically connected between rows of inductor pillars 134b-
134c and 134e-134f, as shown in FIG. 3j, to provide an
integrated 3D inductor coiled around inductor core 128.

In FIG. 31, carrier 120 is removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal
bake, laser scanning, or wet stripping. A build-up interconnect
structure 153 is formed over the front surface of semiconductor
die 122, encapsulant 146, interconnect pillars 134a and 134d,
and inductor pillars 134b-134c and 134e-134f. The build-up

interconnect structure 153 includes at least one insulating or
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134a and 134d, and inductor pillars 134b-134c and 134e-134f. The build-up
interconnect structure 149 further includes at least one electrically
conductive layer 152 formed over or between passivation layers, for
example, over passivation layer 150. Conductive interconnect pillars 134a
and 134d, and inductor pillars 134b-134c and 134e-134f using patterning

with PVD, (%VD sp tat ring, electrolytic plating, troless plating process, or
2558t GTatE Footal dapats brSreat, Eonu s s 163 Eah oo Se e S
or timerevtayers0bAk iCu,.SnTINE Avg Ag| o other slitable eléctrically cenductive

die 1@?&%@% 89%3%%’2 é'l "f‘tqo erkagis elecincal E}’%ﬁos”,”_es%% 0, INGICONPERh e rature

pillars 134a a provide vertical, z- direction interconnect.
cure@ondudtivedayertiszisralsd sdlectrisahecormtected betvireehsrows-éfdnddetpe r

154 Pillars 1348; 134¢ and 134e:1341, as shoyiin FGs gy, to proyide ano o5
integrated 3D inductor coiled around inductor core 128. In FIG. 3i, carrier 120
A1208 removetlsrehieriieal eiching, imecliaiddl peel-of uEMP, raeelghical

stru@inding, thegpal pake, laser ?Q?H‘i% O Wl SLINRING. A RUI-UR: 154 55

interconnect structure 153 is formed over the front surface of semiconductor
remoyiad 27/ entapSiaA A6 IRtefcohneet PHRRSE344 4Rd 1388 @hdiRddasE

134aPillars 134h:134¢ .and d3ded34fkhe build-yp sintereapnegistrusire 153¢ |

includes at least one insulating or -17 passivation layer 154 formed with PVD,
CVD, prihtifig BiAtEFingP of Mhérhra oxifaltion - THE passivation fayeF 154 can

inc1bedieleetricpalymen insuiationmaterials, sygh asdowdemperatune cured-med
photosensitive resist. Alternatively, passivation layer 154 can be one or more

OvermyﬁmﬁﬁQﬁﬁﬁnsﬁﬁﬁf%ﬁéRF%%z gyers, for example over passivation

layer 154, interconnect pillars 134a and 134d, and inductor
pillars 134b-134c and 134e-134f using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer
156 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 156 is electrically connected to interconnect pillars 134a
and 134d to provide vertical, z-direction interconnect.
Conductive layer 156 is also electrically connected between rows
of inductor pillars 134b-134c and 134e-134f, as shown in FIG.
39, to provide an integrated 3D inductor coiled around inductor
core 128. Conductive layer 156 1is electrically connected to
contact pads 124.

In FIG. 3k, semiconductor die or components 158 are
mounted over build-up interconnect structure 149. Solder bumps
160 are electrically connected to conductive layer 152. An
optional underfill material 162 is deposited between

semiconductor die 158 and conductive layer 152. Semiconductor
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A1203, or other material having similar insulating and structural properties. A
portion of passivation layer 154 is removed by an etching process to expose
interconnect pillars 134a and 134d, and inductor pillars 134b-134c and
134e-134f. The build-up interconnect structure 153 further includes at least
one electrically conductive layer 156 formed over or between passivation
. layers, for example over passivation layer 154, jnterconnect pillars 134a and
e s B b1 ) T35 T30r ubing Sateril St
analBY Do C\ g $pattering; eledtrolyiticoplatieg, tetectesle ss plating gprocesss ,or
other suitable metal % position process. Co % tive layer, 156 can be Qne-Qr
o e BT AL s N R A o s Suabrs discumsaly dosducius ™=
withmatariet. GorductiVeclayer 156 ¢d electrically connecteddo amterconheect to the
e1ecpillars;134a. and,134d tonrpvide yertical, z:dirgation infescongect, o the
~ Conductive layer 156 is also electrically connected between rows of inductor
C1rCpillarsEd4bl 134 dAd 434e 34T A sidvan i FIGT 8j, tél prs\ide apnd other
c i rcintegrated 3R industor coiled;argund inductor, eore 128 Condyctive layet et
156 is electrically connected to contact pads 124. In FIG. 3k, semiconductor

basegiarst comfgotients 158 BF¢ mbufteeidvet buildtiplihfercontidet 3fubtefe ASIC,

memot49- SQderbwnps 1 16Q arg.eleckrically gopnecigd {0 condugtivelayerin. die
An optional underfill material 162 is deposited between semiconductor die
158 159 afd TondGethveayéF P52 SSehicdRdiedr Sre dier 1 58 BACH irfefiite 474

resisukstrate apd aetive regian coptairing 1 analog Ok digitah gireuitsimplemented-an
as active devices, passive devices, conductive layers, and dielectric layers
be aﬁﬁ%éBChlp type device or wire bond type device. In another

embodiment, a discrete semiconductor component can be mounted
over semiconductor die 122. The discrete semiconductor
component can be a resistor, capacitor, inductor, or active
semiconductor device.

An electrically conductive material is deposited over
conductive layer 156 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
conductive material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu,
solder, and combinations thereof, with an optional flux
material. For example, the conductive material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The conductive
material is bonded to conductive layer 156 using a suitable
attachment or bonding process. In one embodiment, the
conductive material is reflowed by heating the material above
its melting point to form spherical balls or bumps 166. In some
applications, bumps 166 are reflowed a second time to improve
electrical contact to conductive layer 156. The bumps can also

be compression bonded to conductive layer 156. Bumps 166
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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 its active
surface to implement baseband analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit. Semiconductor die

158 may also contain |PD, such as inductors, capacitors an,cFiI resistors, for
oD R A LAOF S 758 o ecn PILEi G e fovicgrmed
overorwird bonduwype deeice 1vanothiee embiodiment; ecdiscrete: sémicondaictor 1 so

use EUMRONSNLCEN be mounied, over semicondygtar die 122 The disgrete .
semiconductor component canbe a résistor, capacitor, inductor, or active
othegermicondudton HevicecAn@ectritally conductive material is deposited over

conductiyg layer 156,4sing aa evapgration. glegtrolytic plating, glectioless. .
plating, ball drop, or screen printing process. The conductive material can be
Cut tARSt N 1AW 0Ag, 1P OBl Tl Solded larkFeombindticns theteofl aith arp 8. The

TppsORUPNAL flux Jnaterial Foraxample qthe conductive, mateial gan He,eutectc

Sn/Pb, high-lead solder, or lead-free solder. The conductive material is
Provheirded o Corfitietive flyef 136asHRT a Shitalslen atacinéRorbcHting equency

app1POLESSHB oneembadimensther serdugtiveimatesial isreflawed by heatings
~_ the material above its melting point to form spherical balls or bumps 166. In
f1ltegime Rppitalions BumMpSiB6 afd Taffowedasecond fiffe @ improve

t rang@lestrigal-eontast-tercaongustive; layes 1581 Ehe fHmMps canalse thes. The
compression bonded to conductive layer 156. Bumps 166 -19 represent one

IPDsyypaibifterttinetfsthadife At c4i be fGfified® components, which can

be positioned between the antenna and transceiver. The 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 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.

FIG. 4 shows an embodiment of the semiconductor device
having the 3D inductor made with the prefabricated pillar frame,
without the interconnect pillars. The inductor pillars 170a and
170b are formed around inductor core 172, using a process
similar to FIGs. 3a-3k. The build-up interconnect layer 149 can
be optional if passivation layer 150 is part of the
encapsulation and conductive layer 152 is fabricated in lead

frame technology by half etching other portions of the frame.
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over conductive layer 156. The interconnect structure can also use bond
wires, conductive paste, stud bump, micro bump, or other electrical
interconnect. The structure is singulated with saw blade or laser cutting tool
164 into individual semiconductor devices 168. The IPDs in semiconductor
device 168, including the 3D inductor, provide the electrical characteristics

needed for highfreguency. anplications, such.as fesonalors, ol pass flersy; ..
low-pass filtérs, bana-passq‘llters, Ssymmetric Hi-Q résonarit transformers,
withmatdhing hetwidrks nahot-tuming capscitors. IThendPbs caalbeiusetkas pillar

£ ramiONt-gRd Wireless RE. Cg@ﬁf&%gtﬁ %V(S‘é“ha%%{‘ B&positioned between the
antenna and transceiver. The inductor can be a hi-Q %a?un, transformer, or

induedihoperatinglirto 200 Gigahettzrincsoe applcHtionsnmultiplel baloms apemed

aroulPiMed A asame substeate, gllqwing multi-hand onergtion. Fqr example, 5,
two or more baluns are used in a quad-band for mobile phones or other

3k. glbbal systef-formobile (GSMEmmanitatidds, exch belurtdddicatéd ¥or a

passiEaYansy and ofoperation ef thequagsoand, ,device, A lypical R sysien

requires multiple IPDs and other high frequency circuits in one or more

Layegeritondactbr Packagestol Perf6An the ABEesPY Blebhital ihdlidhs. Fleshing

ot he? SPaws asempediment of the semiconductor device having the 3D inductor
made with the prefabricated pillar frame, without the interconnect pillars. The

inductor piifars 17623R8 2705 AR oYY arBtind Ml ESHEHBATSt Q8ingsy 1 ce

haviRPCEss sirailar defriGsndardko Fhe buildwtp intereannect fayer 149 capr bemade
optional if passivation layer 150 is part of the encapsulation and conductive

withiaUBe1 85 FRbFitaRuSH I&8dd fAimd TédHnolody B A&lF BhHRS 6thef
semipoftionsobtheiframes0 is mounted to a back surface of

semiconductor die 192 with an adhesive 193. Contact pads 194 of
semiconductor die 190 are oriented upward and electrically
connect to conductive layer 152 of build-up interconnect
structure 149. Contact pads 196 of semiconductor die 192 are
oriented downward and electrically connect to conductive layer
156 of build-up interconnect structure 153. The inductor
pillars 198a and 198b are formed around inductor core 200, and
inductor pillars 198c and 198d are formed around inductor core
202, using a process similar to FIGs. 3a-3k.

FIG. 7 shows an embodiment of the semiconductor device
having side-by-side semiconductor die 206 and multiple 3D
inductors made with the prefabricated pillar frame. Contact
pads 208 of semiconductor die 206 are oriented downward and
electrically connect to conductive layer 156 of build-up
interconnect structure 153. The inductor pillars 210a and 210Db
are formed around inductor core 212, and inductor pillars 210c

and 210d are formed around inductor core 214, using a process
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-20 FIG. 5 shows an embodiment of the semiconductor device with multiple

3D inductors made with the prefabricated pillar frame. The inductor pillars

180a and 180b are formed around inductor core 182, and inductor pillars

180c and 180d are formed around inductor core 184, using a process similar

to FIGs. 3a- 3k. The build-up interconnect layer 149 can be optional if

assnéatl T3%50 is arg}gf the encapsulation and conductive layer 152 is

a%rlcate ame technology by half etching other portions of the

frame. FIGG6 sﬁowb@msembo@nmsmuflmetsaﬁlcblmeluswndevméuhawngdevice

stacked, semic tor die.and multiple 3D inductors eW|t the

h 5 die.and myltiplg < g hthe ¢

it pr9e$ %cate C?lfl ?ame(Jj Agba sur%ace serﬁﬁ%ongg%%r die 1907s ¢

and moahnetiltd)lalbaélasapfaéé@f Semieohductar cﬂ@mQmeﬂvam@uhéswellz% to

requENBFL0A0RI94 O] semicoadudine die 19G are arented YpnAd ARG 1 ayer
electrically connect to conductive layer 152 of build-up interconnect

220 srpuctire £49. Cantaepads-EOG bf sermlicondlctdr div 192 ate) vigpited-ee 1,

nicxdawaward.and electrically connecttp condyetive, layer, 156 ofhuildzy o
interconnect structure 153. The inductor pillars 198a and 198b are formed

ePOXFpouREAECE) €oreSZ00} angR thdvEfst iR S 3 98¢ &l 198 fbffiedarable

of LAV {RdUGtorL e BO2USING a pIPsesssiniler 1R FIGS3a-3kFRIG &

shows an embodiment of the semiconductor device having side-by-side
integdmicdhatictor die 246 and mdtipte 35 dndactorsimadeswith fen metal

mat eprefabricated pilarframen Goniagt pads: 208 of semiconesctas die diBarene

oriented downward and electrlcallé connect to conductive layer 156 of

eEfehlify-af itercamitect structurd 1539TRE indtictdr pitfals Z10Ehd F1 G tacts

the backside of semiconductor die 122. Shielding layer 220 is

simi

electrically connected to a low-impedance ground point through
conductive layer 152, interconnect pillars 134a, and solder bump
166. Shielding layer 220 also dissipates heat generated by
semiconductor die 122.

In FIG. 9, the semiconductor device with the 3D
inductor made with the prefabricated pillar frame further
includes a thin film capacitor 222 is formed in build-up
interconnect layer 149, and thin film capacitor 224 is formed in
build-up interconnect layer 153. 1In addition, a thin film
resistor 226 is formed in build-up interconnect layer 149, and
thin film resistor 228 is formed in build-up interconnect layer
153. The thin film capacitors 222-224 and thin film resistor
226-228 constitute additional IPDs that can be formed in build-
up interconnect structures 149 and 153.

In FIG. 10, the semiconductor device with 3D inductor
made with the prefabricated pillar frame further includes

discrete semiconductor components 230 and 232 are formed over
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are formed around inductor core 212, and inductor pillars 210c and 210d are
formed around inductor core 214, using a process -21 similar to FIGs. 3a-3k.
FIG. 8 shows an embodiment of the semiconductor device with the 3D
inductor made with the prefabricated pillar frame and a shielding layer 220
formed over semiconductor die 122 to reduce inter-device interference of the
o110, ST S20nbe Eib ALfeTis o opbon o0, SR v
’ ’ - ’ - ’ ’ poxy1
condeariductivé agsin, aind other metals and composites capable of blocking or
absorbing, M, RRE1. and fhierntersdieyice. Interfetence, Spielding javer 220 o
can also be a non-metal material such as carbon-black or aluminum flake to
haverddree the leffectsoFEMImnd<REIL Shigldingdayerl220 thetrnaky: contatts
app:eAckside.of sexeenductordie 127, StieldingJayer 230,15, glectrically
connected to a low-impedance ground point through conductive layer 152,
embopigresitectillars 184dcamd sbidlek bdrpr1B6nShieldifg tdyer 920rtsef the
presdissipalpsheat genetated by: semiconductar die 122 InFIG. 9, the,
semiconductor device with the 3D inductor made with the prefabricated pillar
frame further includes a thin film capacitor 222 is formed in build-up
interconnect layer 149, and thin film capacitor 224 is formed in build-up
interconnect layer 153. In addition, a thin film resistor 226 is formed in
build-up interconnect layer 149, and thin film resistor 228 is formed in
build-up interconnect layer 153. The thin film capacitors 222-224 and thin
film resistor 226-228 constitute additional IPDs that can be formed in build-
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up interconnect structures 149 and 153. In FIG. 10, the semiconductor device
with 3D inductor made with the prefabricated pillar frame further includes
discrete semiconductor components 230 and 232 are formed over -22
build-up interconnect layer 149 and electrically connected to conductive
layer 152. While one or more embodiments of the present invention have
been illustrated in detail, the skilledczirtisan will appreciate that modifications
. . alms . .
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
WhatCIlaémgl\éVihr%& c_Ia_lmed: 1. A method o_f making a semmonductor deV|c_e,
comprising: providing a temporary carrier; mounting a semiconductor die or
component over the temporary carrier; forming an inductor core over the

1. lemporay.carder;, mopnting ajretabricated pillarframe over te temporaty
carrier and semiconductor die or component, the prefabricated pillar frame
inelieinigla pluralityotibediasyex@endingfrom a plate, the bodies being

digpased ﬂ{%ué‘ds@ﬁi"&%‘%ﬁ%%@?i depositing. ap,encansulantthreygh an

opening in the plate to cover the semiconductor die or component, bodies,
tempgid LHd GG6F é6rei removing the plate of the prefabricated pillar frame while

leaying;thg bodies te form.indugtar pillars argund the, MAUEtorcarrier;

mounting a prefabricated pillar frame over the temporary
carrier and semiconductor die or component, the prefabricated
pillar frame including a plurality of bodies extending from a
plate, the bodies being disposed around the inductor core;

depositing an encapsulant through an opening in the plate
to cover the semiconductor die or component, bodies, and
inductor core;

removing the plate of the prefabricated pillar frame while
leaving the bodies to form inductor pillars around the inductor
core;

forming a first interconnect structure over a first surface
of the encapsulant;

removing the temporary carrier; and

forming a second interconnect structure over a second
surface of the encapsulant opposite the first interconnect
structure, the first and second interconnect structures being
electrically connected to the inductor pillars to form a 3D

inductor.

2. The method of claim 1, wherein the inductor core includes

ferromagnetic material.
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core; forming a first interconnect structure over a first surface of the
encapsulant; removing the temporary carrier; and forming a second
interconnect structure over a second surface of the encapsulant opposite the
first interconnect structure, the first and second interconnect structures being
electrically connected to the inductor pillars to form a 3D inductor. 2. The
method of claim 1, wherein the inductor core includes ferromagnetic
material. -24 3. The method of claim 1, wherein removing the plate of the

3. prefabnicatéd pillaf frafreileales eshbedies teformiay intezcenrect pillar.the

prerLig i%etg%% of.¢laim 3. fyriher including Séﬁ%k'%%&‘ plurality pf the
Semiconductor die o components electrica ly connecte throug the.

intepptarcomedctipilakas..The method of claim 3, further including disposing a
plurality of the semiconductor die or components side-by-side electrically

connected through the interconnect pillar. 6. The method of claim 1, further
4. intheimetominga shieldihgllayérsvérahe semliconduttertdie ok e@nionent.

pluer 11he methed, of claim ., further dncluding forming,an, infegrated B@%%'X%l ly

device within the first or second interconnect structures. 8. A method of
conngakily & SEMicOhdutor tevites eBR®DFSINg iprdviding a carrier; mounting a

semiconductor component over the carrier;

5. The method of claim 3, further including disposing a
plurality of the semiconductor die or components side-by-side

electrically connected through the interconnect pillar.

6. The method of claim 1, further including forming a

shielding layer over the semiconductor die or component.

7. The method of claim 1, further including forming an
integrated passive device within the first or second

interconnect structures.

8. A method of making a semiconductor device, comprising:
providing a carrier;
mounting a semiconductor component over the carrier;
forming an inductor core over the carrier;
mounting a prefabricated pillar frame over the carrier,
semiconductor component, and inductor core;
depositing an encapsulant over the semiconductor component,

prefabricated pillar frame, and inductor core;
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forming an inductor core over the carrier; mounting a prefabricated pillar
frame over the carrier, semiconductor component, and inductor core;
depositing an encapsulant over the semiconductor component, prefabricated
pillar frame, and inductor core; -25 removing a portion of the prefabricated
pillar frame, wherein a remaining portion of the prefabricated pillar frame
rovides.inductor pillars around the inductor, core; forming. a first interconnect
s S FBE GO b TS oR AT PG 6 ok
wherforming aseednd inferconhéctrstruttinecover afsécondasedageiofithe frame
orovaNEAPSHAN opposils (e st iniecannedt. syeyre. 4he firgt and second
interconnect structures being electrically connected to the inductor pillars to
fofmran 3D irdutiors 9. The avethod of tlairh 8 whereinakie remaiing portionface
of t@kthe pr @%ric(ﬁg%q pillar frame provides an interconnect pillar. 10. The
method of claim 8, wherein the first or second interconnect structure is
eleeitiediy gofhmected f& atohtactSpad of the semiconductor component. 11.

The methed of claim,g; furtheringlyding fouping a shielding,layerQues the
semiconductor component. 12. The method of claim 8, further including
sur feemirtfark fteratel Pas3Ve RRBESWRRINGAE fiFstorisetBha riptdresatect

st rustrygtdresy 4.3. Fhe methad of clain B, furtherdnclyding forpinga dissrete ing
semiconductor over the first interconnect structure.
electrically connected to the inductor pillars to form a 3D

inductor.

9. The method of claim 8, wherein the remaining portion of the

prefabricated pillar frame provides an interconnect pillar.

10. The method of claim 8, wherein the first or second
interconnect structure is electrically connected to a contact

pad of the semiconductor component.

11. The method of claim 8, further including forming a

shielding layer over the semiconductor component.
12. The method of claim 8, further including forming an
integrated passive device within the first or second

interconnect structures.

13. The method of claim 8, further including forming a discrete

semiconductor over the first interconnect structure.
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14.

-26 14. A method of making a semiconductor device, comprising: providing a
carrier; mounting a semiconductor component over the carrier; mounting a
pillar frame over the carrier and semiconductor component; depositing an
encapsulant over the semiconductor component and pillar frame; removing a
portion of the pillar frame, wherein a remaining portion of the pillar frame
pr&)vide in uctor 8"';‘3‘“5' and forminc%a O{irs‘r interconnect structure over a first
me€Wp o) akin sem nductor a%v ce, mpr,ising,:
surface of the encapsulaﬁt,?he first interconnect structure being electrlcglly
conmected toythe inductoepillars to form a 3D inductor. 15. The method of
claim . e Iqlyding:, [emoving fne satrer: 80d forming & second.
interconnect structure over a second surface of the encapsulant opposite the
firsbimércoanecte strdetare, thafirsteend setondamterconnect stegstiresbkingor

Compglgggigally connected to the inductor pillars to form the 3D inductor. 16. The

method of claim 14, further including forming an integrated passive device
withinthe fitStoraecond cinteréanriect Stclures. S TheAe tHoerofadgirpnent

and tAqfudheringluding forming an inductor core over the carrier, the inductor

pillars being disposed around the inductor core. -27 18. The method of claim
14gﬁm§%ﬂgﬂ@,@@ﬁgﬁm@[ﬁﬁﬁ@@@fpillar frame, wherein a remaining

portion of the pillar frame provides inductor pillars; and

forming a first interconnect structure over a first surface

of the encapsulant, the first interconnect structure being

electrically connected to the inductor pillars to form a 3D

inductor.

15.

The method of claim 14, further including:
removing the carrier; and

forming a second interconnect structure over a second

surface of the encapsulant opposite the first interconnect

structure, the first and second interconnect structures being

electrically connected to the inductor pillars to form the 3D

inductor.

l6.

The method of claim 14, further including forming an

integrated passive device within the first or second

interconnect structures.

17.

The method of claim 14, further including forming an

inductor core over the carrier, the inductor pillars being

disposed around the inductor core.
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the pillar frame provides an interconnect pillar. 19. The method of claim 14,
further including forming a shielding layer over the semiconductor
component. 20. The method of claim 14, further including forming a plurality
of 3D inductors with the inductor pillars. 21. A semiconductor device,
comprising: a semiconductor component; an inductor core form in proximity
1. tohe semigondycor. compongnt, 3 pillar rame mounted over the carrier and
semiconauctor component and inductor core: an encapsﬁan?dgposned over
the theldemicomductopcompdrentapillarfeamepardtindociorzore, wherein a
portion of the pillar frame is removed to form inductor pillars around the
inductor core; a first interconnect structure formed over a first surface of the
19. efdtepsuddnitcanca setond intércohmettstructielfermead overaisegond

snieSWiage qfibe encapsulantoppgsite g, first Jptereonneet structure, the first

and sécond interconnect structures being electrically connected to the
inductor pillars to form one or more 3D inductors. 22. The semiconductor

20. device gielaim 21y wherein removing the. porfion9f 4he pillay frame,leaves an
interconnect pillar. -28 23. The semiconductor device of claim 21, farther

pluriptiigthga stieltirgiayerforimetiover the semidontiuttot Edhthonent. 24.
The semiconductor device of claim 21, further including an integrated

passive device formed within the first or second
21. A semiconductor device, comprising:

a semiconductor component;

an inductor core form in proximity to the semiconductor
component;

a pillar frame mounted over the carrier and semiconductor
component and inductor core;

an encapsulant deposited over the semiconductor component,
pillar frame, and inductor core, wherein a portion of the pillar
frame is removed to form inductor pillars around the inductor
core;

a first interconnect structure formed over a first surface
of the encapsulant; and

a second interconnect structure formed over a second
surface of the encapsulant opposite the first interconnect
structure, the first and second interconnect structures being
electrically connected to the inductor pillars to form one or

more 3D inductors.

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

portion of the pillar frame leaves an interconnect pillar.
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interconnect structures. 25. The semiconductor device of claim 21, further
including a plurality of 3D inductors formed with the inductor pillars. -29

23. The semiconductor device of claim 21, further including a
shielding layer formed over the semiconductor component.

24. The semiconductor device of claim 21, further including an
integrated passive device formed within the first or second

interconnect structures.

25. The semiconductor device of claim 21, further including a

plurality of 3D inductors formed with the inductor pillars.
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