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 Semiconductor devices are commonly
found in modern electronic products. Semiconductor devices vary in the number and density of electrical

components. Discrete semlc:égﬂﬂgr ‘ﬁﬁ%ﬂegﬂé‘fﬂﬁﬁoﬂﬁﬂ‘ ﬁﬁ%%&electncal component, e.g.,

light emitting diod ?q{ AEHQ ?zsﬁng‘ﬂﬂﬁfr metal oxide
semiconductor fiefge ect transistor (M %?E ?ntegrate SemIECOI’]deCtOI‘ evices typically contain

hundreds to millions of electrical components. Examples of integrated semiconductor devices include

microcontrollers, microprocessors, charged-goypled.devieas((:QRs). solar cells, and digital micro-mirror
devices (DMDs).

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

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,



Semiconductor devices perform a wide range of functions such as high-speed calculations, transmitting
and receiving electromagnetic signals, controlling electronic devices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor devices are found in the fields of
entertainment, communications, power conversion, networks, computers, and consumer products.
Semiconductor devices are also found in military applications, aviation, automotive, industrial controllers,
and officeC %a%i ment, . Sgrmpé%oncdggtoerrdseivécgs e&%oito trhkeselect(rjical upcrgggrtieg OJ semiconductor
materials. The atomic structire of semiconductor material aflows its electncal con’ducﬁwty to be
manipulatech byttee application ©f anssledtricfield-oothrowght thesprecess osdogingnboping introduces

impuritie%il ciyéerse icO dggtg{ &zgerigl\;&)argggigulaé%gggocg:%rgl thencccf)&gugg\éiﬁy of the semiconductor
device. A demiconductor device contains aétive an passive lectrical structures. Active
structuresantlodineiipelas afd diefd effectaransistorts; control the flow of electrical current. By varying

levels of doping and a@g&@ggﬁ gf ap Cg—)%eqiré'qfEiglgsor%fogugreggethgj%sitg%@ther promotes or

restricts the flow of electrical current. Passive structures, including resistors, capacitors, and inductors,
create a FlalishshisBetWeeperbltagehetaurrér reeessary to peeforrhcavariety of efestdcad functions.

The passive.and agtive struciyres areelegtiicglly sennected. o form,circyits, which gnable the,

semiconductor device to perform high-speed calculations and other useful functions.
manipulated by the application of an electric field or through
the process of doping. Doping introduces impurities into the
semiconductor material to manipulate and control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including 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



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 {o,provide strugiurgl suppott and environmentalisolation. ., € goal of
semicondUctor manuf)ac]tourlng is %6 pro&uce Smallér semiconductor devices. Smaller devices tygically

consumeiless powes, lhaviechighemperfermances ard caa berpreddced miore efficientdy. di addition, smaller
semiconductor.devices have a sm ller foatprint, which is deslir( Qe f9r smail r end products. A smaller die
size may?i)réogclh%iegvesg 6&%89%%%&&? ?nriegﬁlgéivﬁt-éenn\algr%%egs lrctéasuItiLnSgoingciﬁé (\)/%th smaller, higher
density active and pas$ive confponehtss Backaentiprocesses mayresult irosericonductod device

packages with &.smaller:fogtprint by mprovements inglecirical interconnection; and packaging materials.

Another goal of semiconductor manufacturing is to produce higher performance semiconductor devices.
Increases indeviee peddrrmanes cah peacedaiplished by dormding active ompontatsthatzrecapable of

operating-at higherespeeds, in high frequency applications; sych as radigdrequency {Rk) wireless

communications, integrated passive devices (IPDs) are often contained within the semiconductor device.

Example§ @Y fPBs fitiddecresistorsP eapacitors, lanit ihtluers.ia Bigicdl RF sstértreqités multiple IPDs

in one ormere semiconductar packagesdo performthenecessary-plectrical fupctionsment s 1 AN
integrated three dimensional (3D) inductor can be made by forming through mold via (TMV) in the

y . .
encapsulaifarotata fetfomAgHEtitcore THaterial aéfde%éﬁbé’c’rﬁgué RRatioR 28086135977. The
IMVs arelateddto faum metabinduetok pillaes whigharerglectricalhrgonnected -2 seied agangement

around the ferromagnetic core. The lithography and plating processes ,
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 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



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
device comprising the steps of providing a temporary carrier, mounting a semiconductor die or component
over the temporary carrier, forming an inductor core over the temporary carrier, and mounting a
prefabric%teeg doeilﬁfa\r f(rja@g Ior%/ertéhee t{erm?ﬁlocr?grcarriiﬂgg% sggjnicqtn.dryé:tocrodi% or compg%gnt. The
prefabricated pi artframe includes a plurality of bodies exteng"lng]from a pﬂate. The bodies are disposed
around theoisidligtor 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 interconfummanted dee afrventimare 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 inductorsittarsas forps a3 inddicigrduct or s|rvandthsi embobdiments thevpresent
inventionsis aethod of making A.semigopductor device comprisingthesteps. o prayiding acarrier,
mounting a semiconductor component over the carrier, forming an inductor core over the carrier,
mounting& Gsrefabiigated pillarirEmertver e Barriet hserRie8AGHCtof 8dMPBAERAt, afid3nductor core,

depositinganercapsulant oygr thessemiconductor component, prafapricated pillar frame, and-inductor
core, and removing a portion of the prefabricated pillar frame. A remaining portion of the prefabricated

pillar frarfé ProVideSinduEBFPRIERS Arctidr theindIGBF Edred The HRBthBATAHREThcRidBs e steps of

forming a-ftissh terconpecstiuctureoyes adirst siface-of the eneapsulant, remaving:the gawier, and
forming a second interconnect structure over a second surface of the encapsulant opposite the first

interconn@®E &triétGire: SFHRRE And LEECATT mtEreBnAEA Strifetlrés R BRIl Cdnhédted o the
inductor pilarstodorn ar3le itdGidrary 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



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 aglrstcsucrfaé:e of the en%apsulantvgpe tfgset intercannect structure gucaélggg_[lcally connected

to the ind%]f:?orapllfalrs o form’ é%baﬁmdugt%rp.e © Ih another ér%ﬁbdi?neénn]t,c the present invention is a
semicondustorodevite cemprisinguersemicondectodepnponenyaad irrductgrssote fiorne ireproximity to the

semicondueiar companer: ARilarTiaMme is mounled avey the cafrier Argl sgmicogdlyctor component and
inductor core. An encapsulant is deposited over the semiconductor component, pillar frame, and inductor

core. A pbﬂ@m@f@thepﬂla&r ira@m@isrr@mﬁedgtoafonnmmmﬁllm%mmd @ﬁ@md@l‘ctiﬁ core. Afirst
interconnoet sitytyre.jpdormed pye a fist surface of the encapsulantc Axsecand dnjegonnegt structure is

formed over a second surface of the encapSulant opposite the first interconnect structure. The first and
second ifteRsBhNRELStHGR res are Eledtried!ly cormerteatcthelisductoinpitiars tofsAm oneéhsr more 3D

inductors, Brigf, Rescrption ofithe Dfawings,e stepsFiG Lllusiatgs a ReBwith different types of
packages mounted to its surface;
interconnect structure over a first surface of the encapsulant,

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 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, 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



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
interconneeLPilars; e+ S1C. T iSRS side-py:gide semiconductardig with, 30 Jnductorg and
interconnect pillars;

portion of the pillar frame is removed to form inductor pillars

around the inductor core. A first interconnect structure is

formed over a first surface of the encapsulant. A second

interconnect structure is formed 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 one or more 3D

inductors.
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; 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 build-up interconnect
layer. Detailed Description of the Drawings The present invention is described in one or more

embodiments in the fol!g%'!ng escription wijth reference to.the figures, in which like n mefgads represent
the same or similar elemen'ts.gg\j/\/hﬁé%ﬁzcFn%%%ﬁor%sedgseé%%%%&%rgg o&t,%\élbceest “riﬁéé e for achieving the
inventionishobjettives, iwdll beappréciateary those skitledfp tiredrt thatitislidtemded to cover

alterna_ltlvle £ Mo glncgggrﬁs, & ndu%%lﬁl\f%lentasn% may be included within the spirit and_scop_e of the invention

as defined by the appended claims and their equivalents as supported by the following disclosure and

drawings. FIG. 10 illustrates the semiconductor device with 3D
inductors and discrete semiconductor components formed over the

build-up interconnect layer.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
figures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and

transformers, create a relationship between voltage and current



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
electricalnceljéregsrlg.aPassgve elggtﬁriocfal cnggg%qtsaﬁu%hia% cgtgacrjtorgsc,tiri\g%%tors, resistors, and
transformers, Create’a relations ip betiween volfage and current 1rllecessary to perform electrical circuit
functions. Passiwe andeactive contponentareofoemed cvee tHe surfaceogkthetsemiconductor

wafer by &,sefies.of process sieps Induding doping, depesition. phofalinegraphy.elehing, and
planarization. I%oping introduces Impurities into the semic nductor material b tec%nlquess ch asion
implantatiorcorthenmatidiffusion. The depinigoprocess hrodifiesciheaatéctricaltcondugtivignef semiconductor

material [nagive sleyices, rangigming thesemicendudirupterial intg an ngylgtor, conductor, or

dynamically changing the semiconductor material conductivity in response to an electric field or base
current. Trahsistord eohtain Fedgiens ef varyingcypes and degjieds efddping aahged asietessary to

enable the[Lansistop to-promelf or resfrickinesflow gt electrical,curenidipon theapplication of the electric

field or base current. Active and passive components are formed by layers of materials with

different EfRefEar properties THeager’antss fetmetibyra varief ot deépoditiohd8Ehniques determined

in part by the fype phmaterial being,depesited: For gxample, thinfilg dgpositionmay involve chemical
vapor deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and electroless plating
processeSCEatR tfer iSgeReraRy pattérnedodBrm Portiots Greattived st [is8fe components,

or electrica) conpectians,batweeaGompenents.an eleckhe ldyersgan be paitemned using t .
photolithography, which involves the deposition of light sensitive material, e.g., photoresist, over the layer

to be patter&d & pattsrfistidhsferréd frofta photomasik'td theftidotredist Bishgdight.©

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



The portion of the photoresist pattern subjected to light is removed using a solvent, exposing portions of
the underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a
patterned layer. Alternatively, some types of materials are patterned by directly depositing the material
into the areas or voids formed by a previous deposition/etch process using technigues such as electroless
and electrolytic plating. Depositing a thin film of material over an existing pattern can exaggerate

the Lndetlying paftern, and create & non-uniformly fial suface, A upiformly flat surfage is required to
produce smaller and mor& dense y packed active and passive comporients. Planarization can be used to
remove mateciekfiomithesunfacedf thelwaferandeproddce aysniformi flatrsurfaces Planasization Involves

polishing.th rf %elgf he w. with_a poli ing1 d, An abrasi em rial and. corrosive chemical are
added totfﬁg §§rf§ce of tEheerv%/g e% d%ﬁ%g%%lﬁ%%irrwgg hc}aO %o?n‘{rjl ined mec § ica r;Ecltlr}J %?}ﬁe abrasive and
corrosiveradtionicf the chemidet remeses any ieeguwar topograghy, sesutting: v uniformly flat surface.

Back-endmanutadiuinaaters fpauling ansingulating the flaished waferinio thepdiidual digand then
packaging the die for structural support and environmental’isolation. To singulate the die, the wafer is
scored afd dfékenlalbag nehdtaetional regions of the wafer called saw streets or scribes. The wafer is

singulated using a lases qutfing tpglor, saw plade; After singulation, the,indjvidyal die are mounted to a

package substrate that Includes pins or contact pads for interconnection with other system components.
Contact pads-fofet dvef osehtbhdutor diareltheA TonneEREto Tohtatt ads withe the package.

The electricakeonnestiens can.besmade with splderhumps.sstud bumps, canductivepaste.orayrebonds.
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting 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.



An encapsulant or other molding material is deposited over the package to provide physical support and
electrical isolation. The finished package is then inserted into an electrical system and the functionality of
the semiconductor device is made available to the other system components. FIG. 1 illustrates
electronic device 50 having a chip carrier substrate or PCB 52 with a plurality of semiconductor packages
mounted on its surface. Electronic device 50 may have one type of semiconductor package, or multiple
types of semiconductor packages ending on the applicatian. The different types of semiconductor
ggckagezgreegﬁg\ﬁr? Lllnﬁgfé. orbp%grggser%ogﬁﬁﬁgra fgﬁerlaol 1%&?%%'50155@:8 }§8rm<l;1—’31/1 be a
stand-alarecsystem tlhatusesitie semicorductonpackages tol pedfern oheor meorelelectrical functions.

Alternatively, ejesfronic device 20 nay be,asybagmponent of alaragy syslem. oL example glectronic
device 50 may be a graphics card(‘j,I networtk Interface car& or other signal processing ca d’that can be
inserted imtola Coen plterc Thersehitonddctohpackagecsardinclude mievaprecessarsdmemories,

applicati%ggﬁcéﬁgcligtetggathgecich[lltér(A%(;%)eIl(pgé%ﬁg%q{'gsmggqlog circuits, RF circuits, discrete devices,
[ I

or other semiconductor die or electrical components. ~InFIG. 1, PCB 52 provides a general
substrate for structuralfstppott andleletfieariptet ot vf thelserhitondictor packagesmbinted on the

PCB. Copduyctive,signgl traces S4.aredopmed oyer g surigeg o within layers.ofi PGB h2-using

evaporation, electrolytic plating, electroless plating, screen printing, or other suitable metal deposition
process. Sigifa aeed BAProdide Yol efecrital esmmuriid@ivhisative eficFactt oPthesemieaiiGuctor

packages, faoynted components, and-ether gxternalsystem compopents: Jraces 34 also provide power
and ground connections to each of the semiconductor packages.

semiconductor packages, depending on the application. The

different types of semiconductor packages are shown in FIG. 1

for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be 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-



In some embodiments, a semiconductor device has two packaging levels. First level packaging is a
technique for mechanically and electrically attaching the semiconductor die to an intermediate carrier.
Second level packaging involves mechanically and electrically attaching the intermediate carrier to the
PCB. In other embodiments, a semiconductor device may only have the first level packaging where the
die is mechanically and electrically mounted directly to the PCB. For the purpose of illustration,

several types of first level packaging, including wire bond package 56 and flip chip 58, are shown on PCB
. Ay ovei OLL o A Ty e IR AG G, Tt ks DAl G Ty B 50, bump chip
carrier (BGQ)e62,duat imbine package (©iRY 64¢taind gridlarray (L GA) 66 smulticchip drodule¢MOM) 68,
quad flat non-lgaded package (QRN), 10, and.gugd flat padkags /2. Al showp maunteg.on PCB 2.
Depending upon the system requirements, any combination of semiconductor pgc ages, configured with
any combination of first and seeord el packaying stytes! agiwelcas othée electranicscamponents, can

be C,"”“%&é%[dog@gg 5%+}4 some empodiments, elsctrgnig geyice SQ includes a,single qttached

semiconductor package, while other embodiments call for mulfiple interconnected packages. By
combiningsohe2oriineld Semitbndletor packddes ovdrachingle sdlsstraes) imandgfacturersiéeh iheorporate

pre-made, gomponepts jnto. electionic devices and sysems 1 Because the semiconductor packages
include sophisticated functionality, electronic devices can be manufactured using cheaper components

and a stré&mliaéd frantifactifing processCThe Yredtikingitevicds dre eSSk i fafl siirless expensive

to manufagfuge, Lestiting in@,lower COSLIOESONSHMELS. 2 semklGHidd:26 shaw.exempiary
semiconductor packages. FIG. 2a lllustrates further detail of DIP 64 mounted on PCB 52.

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

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

-11-



Semiconductor die 74 Includes an active region containing analog or digital circuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and are
electrically Interconnected according to the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed
within the active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive
material, such as aluminum (Al), copper (Cu), ti n), nickel (Ni), gold (Au), or silver (Ag), and are
electricalﬁ/ecsounﬁge%:?e% tctf)]et%ééc?rsc)w Ié%)rzg%t% %(%rlr%ég ?;\)/itﬁ?n s]‘géangﬁl\ilc)o% écté? ?:I)?e ?Zf.plsaﬁ(nldg %s%eombly of DIP
64, semicenduttartdie §41s smounted ta an antérmediateocarriep 78 wsingragoid-silicon eutectic layer or

adhesive material sucf%§a£hergmaa_l SPOX The aerbgodyelﬂgléjggg @gti(rj]%ulgg\é% ggglgaging material
. e . .

NeRaskaD
STIOW eXe |
such as polymer or ceramic. Conductor%éads 80 and wiré bonds 82 provide electrical’Interconnect

between Eéﬁnico?rmmieﬂdrwﬁé T4ta E@B@Emt*a*p@mlhn@ 8405 Heéésimmdh@@aEE@géﬂ)r
environmenal @5%‘&88‘8%Pyo‘?févgﬂg‘29n@9l§&g € and parficles f@é@?@he@cgnt@gﬂ?%gg%ﬁg?og

contaminating die 74 or wire bonds 82. FIG. 2b lllustrates further detail of BCC 62 mounted on

PCB 52. Sentiéariduttorcdie 881is sncunédrover earriep 99uUshit ad emderil -orepdxyresin adhesive
material 92 Wirg bonds, R4 proyide first level packing;intercoppect befween copiact pags 96;and 98.

Molding compound or encapsulant 100'is deposited over semiconductor die 88 and wire bonds 94 to

provide phySical-supptit and efekhical isotdtion for ife geviee CCeRtaccpads 102 af@ fdrfifed over a

surface of PCB 52 Using;a suitablg imetal dgpesitionsuch glactrolytic plating orgleetrglgss plating to
prevent oxidation. Contact pads 102 are electrically connected to one or more conductive signal traces 54

in PCB 5??8&%% TO0FarefoliEq behRder 6Rtact pgdt?@g of B@@B?té?ﬂascorﬁéﬁaﬁa?d%oﬁz' of PCB 52.
In FIG. 2¢semicondyctandied isrmeuntediface dematedntesmediate; cariar 108avith-a fip.chip style
first level packaging. Active region 108 of semiconductor die 58 contains analog or digital circuits

implemerited 4 active HaWices  PHESi08 davited ‘conduehivé fyerd hd diefectriRe R fofined

according tg/theseleetricahdesign ot thesdier Fan example, the eircuitimay include one@sarore transistors,
diodes, inductors, capacitors, resistors, and other circuit elements within active region 108.

Semiconddtor die's8 5\ etritafy and Mechanfatl coftdeted to Tamer106 Rrough Bumps 110.
BGA 60 is sieatricallyiand mechanically eonnected io- PCHB:-52 Withea B& A styleseconchlexel packaging

using bumps 112. Semiconductor_dje 58 is electrically cannecte onductive signal traces 54 in PCB
5 tvouGTE BRI S S Fne Lt 14 RS S T3 R nE g Bordouri B BACALh 116 15
deposited beer7genmiconductoe diec 58 and tarremk6itotprovisterphysicad suppordy and @tdctrical isolation

for the desvllrlei(;rglr? fge tcgl semiconductor dg\éégue rovides a shor electr[gal con uction Path from the

active devices on semiconductor die 58 o conduction tracks on PCB Y in drder to reduce signal

propagatiepcdistanceé hlower capgeitdnpey and dhpoae everah sirduit pedompaearkcey Imanother

embomnﬁ@%é@%g?ng%%ﬁngéo%olymer 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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die 58 can be mechanically and electrically connected directly to PCB 52 using flip chip style first level
packaging without intermediate carrier 106. FIGs. 3a-3k illustrate a process of forming a
semiconductor device having 3D inductors made with a prefabricated pillar frame placed over
semiconductor die and inductor core. In FIG. 3a, a sacrificial or temporary reusable substrate or carrier
120 contains base material such as silicon, polymer, polymer composite, metal, ceramic, glass, glass

epoxy, beryllium oxide, tape, or other suitable low-cost, yigid material for structural support. .
oo e o 3 B uad 4 A 1o it B ot oy BT Sreia
downwardioxer the caniep.cSemicondeadtor diel £22 each irdtudenan activé eegierw 126 containing analog or

digital circui sti le ented 3s agtive g%vircn%sd pasgive devic% ggn(djlfctly ayers nd dielectric layers
formed w?tﬁftln the dié‘and e ectricglﬁ/ interconnecte a%cgrlélrngato the elec%gcal deus%lglnng{ng1 function of the
die. For exantplelthercifcait mapneiidecones ocmore trahsisiars 1diodés,tamdother circuit elements

formed within.active surface 126 to implempenthasehand analog cireuits, ar digital circuis, such as digital
signal processor (DSP), ASIC, memory, or other signal processing circuit. Semiconductor die 122 may
also contalrriPD;, stiehlas ifdoeees. Tdpheiterscand résistors: FodRFsigital pracessirig: Sepsiconductor

die 122 can be,a fipchiptypedayice arowireg bond fype deyice. inanatherempodiment g diserete
component can be mounted over carrier 120. A preformed inductor core 128 is mounted over

carrier 12 befiveenrsermiebhaictoPaies1 22 I hefindGétoP éore 128 is typically surface mounted at

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

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
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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120. Alternatively, Inductor core 128 can be deposited by PVD, CVD, or other suitable deposition
process. The Inductor core 128 can be suitable either crystalline or non-crystalline ferromagnetic material
or ferromagnetic composite material. In other embodiment, Inductor core 128 can Include alloys such as
FeOFe203, NIOFe203, CuOFe203, or MgOFe203. A prefabricated pillar frame 130 is mounted over
semiconductor die 122 and Inductor core 128, as shown in FIGs. 3c-3d. In one embodiment,

prefabricated '%?r frame 130 is made with Cu using Jeadframe technology. Pillar frame 1§b Includes a
it plote 035 with & Sty o1 BOES 1941 AT Intos e it DIt LB Lo Aied by caviies 136.
Bodies 184aA3H4f ate sufficientfy ticlctolextend dewnitostarfient20 whekgiliardrame 180tis mounted
over_semi%otnedfj go&idé% %Z%a’%@ lOé)]tfiorﬂ(?lga.dhesive or thermal Ir_1terface mat_erial 138 provid_es a secure
physical contact between plate 132 and a back surface of semiconductor die 122. A plurality of openings

140 is formed through Elléfﬁ@_132_éin1bkcai/it_i@$81t3&ﬂ'¢1eaprefamieaﬁgd3|§ilIépﬁrmh@gl_% is simple to
manufacture apd cost.effectiye.jn comparisog tq thq plated TMV pillars diseyssed in the background.

FIG. 3d shows pillar frame 130 mounted over semiconductor die 122. Bodies 134a and 134d are vertical
(z-directiomcihteredmeect pilkars. [THie indator ebre $28 ¢7aispesed irreality a6 Isetieendbodies

134b-134¢and. between hodies 13ded 345 Bodjes 134b 134c, 134, @@%Q%Béﬁ Indyctoy, pillars around

Inductor core 128. FIG. 3e shows an encapsulant or molding compound 146 deposited over
semicondutisr-die U2 20and pietatsicated pHar frarieS1 36 6Sing - paste printfg, é6mpressikemolding,

transfer po1ymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, tape, or other suitable low-cost, rigid
material for structural support.

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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molding, liquid encapsulant molding, vacuum lamination, or other suitable applicator. The encapsulation
process disperses encapsulant 146 through openings 140 into cavities 136 below pillar frame 130.
Encapsulant 146 can be polymer composite material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 146 is nonconductive and environmentally protects the
semiconductor device from external elements and contaminants. Encapsulant 146 encloses

semicon or die 122 incgjctor core 128, and bodies 134a-34f. In FIG. 3f, grinder. 148 removes
a portion (L)%c %illar%rgtrr?efﬁ ,ll\ﬁglh?ﬁfnglﬂgpecfff and %%r?(lag?/eﬁgferbl%f% B%lntéﬁazje e%rur ace and
expose efh¢apsuylaniot4tin cavitiesol36. dheorentadinimggportiens of pilldhfamedl30 betweere
semicondugtor die 122 hecomes cond qéige pillars, or pests 134a and 134d for veytical z-direction
interconngf:céor?, an indﬁ%ﬁ)r plsrLars%élﬁ , f34cr,yl%4%, ar%§ ?32? forQI%an sﬂ%al Srocclefc%ng. Alternatively,
the grindirgruarmbeydehe afterremaovinhg dhie Sacrificial substratecontentporaryredreaer #20. FIG: 3g shows

a top view,qf intergannact piliars 31%4&@1%‘9‘1é@%c‘iwgé%di%@%ﬁ%d ngugtor pulars, 134b-134c

around inductor core 128, all enclosed in encapsulant 146. FIG. 3h, a build-up interconnect
structure 19Fis 36meddvérthe back suirface df semidtsHfletstdie 122, encapsulant 146, interconnect

pillars 134a and 134d, and,indugtor, pillags134b-134c and 134e134f ;The hyild-ypigterconnect structure

149 includes at least one insulating or passivation layer. For example, passivation layer 150 is formed

with PVDS VD PrititingO sintering, of thidithal oXitiatien. TReE pasdsivatici?layeP 780 tantbe-dielectric
polymer insulation materals, sueh as i tempetatuns.cured phofosensitive resist. Adtgrnatively,
passivation layer 150 can be one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon
oxynitrid& fSIONY thtalin' fendxiteyda265y ahffinufl 8kide (AR2DBY36T dthéffmatettal having similar
insulating; ad stiuetusal prapertiescA postion, ot passivationdayer 150 isyemavedibysan etehing process
to expose interconnect pillars 134a and 134d, and inductor pillars 134b-134c and 134e-134f. The
build-up htEregRReGStritiute AU G rtherintRIdes SR T4kt She Ve dnddlly Eohduttive I1a3e1 152 formed
over or betveen pagsivationdayersc fios iexample,ieuer passivation layes 1500 Cenductivie intayconnect
pillars 134a and 134d, and inductor pillars 134b-134c and 134e-134f using patterning with PVD, CVD,
sputterin&hﬁgct@&%@ﬁlaﬁﬁafngleét?ﬁle%g pPEHY S0 CEYS Tor BB SUIABIE Metdl tepbsition grlcess.
Conductive tayet 452=canda one or moredayars of AdrCu,csn il Avlj Ag, 08 ether suitakle electrically
conductive material Conducltive Ia)éer ]t5 is electrical onrﬁigﬁzed to inter[%onrf{ect L|J:)illt;3\rs 134a and 134d
to providés’ Vertical Z-direction intefconnec .eégr?(?unctf@e?afer is%?soae e%tcrlcaﬁy connect8d between
rows of inductaropifarsti34baizdcland 134e11B4f,alsishovert inclekh i3jate prévidé anfintegreated 3D
inductor coiled around inductor.core 128. ... In . Si, carrier 120 is remoyed by chemical etching,
mechani:% rp%%ﬁgﬁ?gﬁ/ﬁf (r:n%czhalnrllga g(?i%‘éllntg% ?ﬁ:’erl%:ngg% bakg,glgsgrr gg&%nﬁgﬁ%ﬁ%etéﬁ?gpﬁﬁg. A build-up
interconnecestudtife 153 sifophedovendreifrentsurfacenof semsicorductortdiecl 22 encapsulant 146,

346, and indugtorpilars A340:1346 a0 134e-1341. The bui-up

interconnegh pllaie.1ata and 1
interconnect structure 153 includes at least one ihsulating or

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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passivation layer 154 formed with PVD, CVD, printing, sintering, or thermal oxidation. The passivation
layer 154 can be dielectric polymer insulation materials, such as low temperature cured photosensitive
resist. Alternatively, passivation layer 154 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203,
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 %réd 134e-f34f. . The li%i!ggu%r]lgriconnect structurf 153 futrtlhoerr1 includest%telgast one

t
electricaIR/oconld[ﬁ%five fa‘%,%%‘_jg%?gﬁ &d over or between ’pa%%ﬁ/%ﬁrgn éﬂ);%lrg,afor exém%i:e over passivation

layer 1545 interdohaeeppillarsali3da.and h84 e rarapisdUetor pillars ¢844 34t awelrk34e-134f using
patterning yith By, GV, spuftering. clecolic plating, elecyoless platina.prpsess, of giher suitable
u,

metal deposmgn process. Conductivelayer 156 can be one or more layers of Al, n, Ni, Au, Ag, or
other suitablel efectricaity corductivenmatesial. aCdndutbive dayepd 5644 electricallyconhected to

interconnect pillacs 1344, and 1344t provide ygrtical, z-ditection ,i”%%‘g!g}‘ea%r%%%“%? igyer 156 is
also electrically connected between rows of inductor pillars 134b-134c and 134€-134f, as shown in FIG.
3j, to profidé wrinteyrarelaDaducidriicaledzesuid inbictor dore apsutentudtive lagents6 is

electrically connectesto.contactpads lad,c 211 J n EG-3k semicaaductordiercomponents 158 are

mounted over build-up interconnect structure 149. Solder bumps 160 are electrically connected to
conductiVe e P52 TAR bpidraltinderimatetial 382 1s 8Epositethsetreensemiediductor die 158 and

conductivg,laygk 152.:36MICONIUEtO - die 122, inductor core 128, and bodies
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
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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die 158 each Include a substrate and active region 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 its active
surface to Implement baseband analog circuits or digital circuits, such as DSP, ASIC, memory, or other

signal proc ssing(,j(‘lirscuit.S §gg1i%%nq%%orttg% 1é3]§artga¥ glso %oenéainhlg A ésugg as iig%ucrtgrssi (S:'%\pacitors, and
resistors%r signal processing. emiconductor die 158 can be & ipcﬁlp type device or'wire bond type
device. Ilhanethes embobdimept asdiseretieo semicondutto componentoan be mourted ayer s

semicond&ctgrﬁ@ Clgg. J:ID Xdliscperetfesg%'gicong%ltogjggm Qggri}td%an( ge §Nr§§istosr_,L ga%aé%tor, inductor, or
active semiconductor device. An eiéctrlca I%/ conductive material is e|605|tedl over conductive
layer 156°using anialapofation) electrobaitytatirg edectrbtesslplating, ballldropnormscraendrinting

process. H_‘fﬁ%‘g}lcg‘éﬁ materjal can he. Al, %Nr@“ 19&':_{%’13 -,n%%,l%ogqq{gagg gombinations thereof,

with an optional flux material. For example, the condudctive material can be eutéctic Sn/Pb, high-lead
solder, osleaddfer sdlder abrrdortitictivé nieiidlds bohded i evaductive lay&r1 56°(siag a suitable

attachment or bopdipg pracess. in ane smbodiment, the conductiye material isreflowed,hy heating the

material above its melting point to form spherical balls or bumps 166. In some applications, bumps 166

are reflowed a seednd difte trithrove efdctiicd tohBICE to- ediductive 1ayet 1564 Theéimps can also be

compression bonded tegenductive layer; 16 Bumps 166 srepresent onedype of itgrconnect structure
that can be formed over conductive layer 156. The Interconnect structure can also use bond wires,

conductive'fasteestudtbutfs ShicPd Bumls oF biriet electieadhterdoifettyer 1°2rHe&tRgcture is

singulategwath sawiblade-enlasekeutiing 10e] 164yintasindivigual semyaandusterdevices 168. The IPDs in
semiconductor device 168, including the 3D Inductor, provide the electrical characteristics needed for

high freqiér&/ ¥pditalions Y&ichlas resoh s High-pass FiterO 181 phsE tilte sk Band-pasdtiters,
symmetricHIQ resenamtductor 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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transformers, matching networks, and tuning capacitors. The IPDs can be used as front-end wireless RF
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 gperation of. the. quad-band ice, Atypical RF system requires
multiple PO and’ %t]hoe? h|lgar?‘/feréqule%nélcy%lcolF‘Z:lrﬂletg1 in’ %)%Lé (%Qngdregs\zféﬁicgﬁ&éc or | géck%%%tg% b% orm the
necessaryrelédtacaldlnctiondat ion. FIBe4d shewsatembodimyent of fie semidonductor device having
the 3D Induct ade with the prefabricat llar frame, without the Interconnect pillars. The Inductor
pillars 17 égafn)%gi%%o]bca%oo %g alrgllfﬁ%%ngdg%?orr%agtr%rl’% ?Ss’iné%cg}ro%gsg g%lﬁaer@%%gu §:%-3k. The
build-up kterednréctiayamistidccarebe optional if pdssivatiohilayeryi5®sgsarty eftherencapsulation and
conductiveslayet, 162 is fabricated in.lead frame.teghnalpgy by halfietching giherportigns of the frame.

FIG. 5 shows an embodiment of the semiconductor device with multiple 3D Inductors made with the
prefabricatedPilarcfrarné h e HduREcrapilldrs V1804 dnidni8elr afefiredidreuad dhductor core 182, and

Inductor pillars-180c.and, 180d are formed,aroypd {pducier coresl84, using g pracess simijar to FIGs.

3a-3k. The build-up Interconnect layer 149 can be optional if passivation 150 is part of the encapsulation
and condiRlive iy eP152%s falstieated inead frametethne Ry By rdfetehrigrothér péiidns of the

frame. 1345 Rl 613hQws anembedimentofthesemicandyctordeviee havingstacked semiconductor
die and multiple 3D Inductors made with the prefabricated pillar frame. A back surface of semiconductor

die 190 is mounted to & BacR'stifdca'Bf s8hicondlERs die 192 Withtah AdHedive 198 Contact pads 194

of semicanductercdie 100are Hrieptad upward-and elegtrically cenneet tosonductive layemnda?2 of build-up
Interconnect structure 149. Contact pads 196 of semiconductor die 192 are oriented downward and

electricalR & nriett REEHTRILIDE PaA/EF A56BF blAd S mtdrRbn RS bR e 5 P FHE1HAlCB pillars

198a andi 1988 anesfoymedarouns hrdiictericore 2001 and InductonpilarsakBciand: $98¢ are formed
around Inductor core 202, using a process similar to FIGs. 3a-3k. . FIG. 7 shows an embodiment
of the sefitconduitor device havidy Side-bi=site Senmedhdudiardis 206 ghd muttipie 3D Mitctors made
with the pretalricatedypillan kameo Contact pads 208, 0f seaucenducier die 206raremriended downward
and eIectricaICI}/t onnect t(% c%riductivte Ifityei:][' 156 oftbuild-up Interconne&t stgjctl%re 153. The Inductor
pillars 2104 an b are formed around mductor core 212°878 friduc grnplwgrsh‘i%c and 210d are
formed afdimdcladuttor core 214 usirg apreecessof 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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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 IPD. Shielding layer 220 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 inter-device
Interfererg:.eé ﬂ%%ldingclgy%r 22’%‘%@ alsoul%e a ”O«Q'emgtr% mat%rj%lesu]g:h aisocarggn-béa%kior aluminum
flake to réduice the effects of EMI and RE. %leﬁ&lng layer 250 thermaﬁ}gcorrftactsntﬁe]bacﬂgide of
semiconducidrodie d2 24 Shieldihgdayen220sis etectroallyteconnested-toia fovdampedance ground point
through conductive layer 152, Iniergannedt pillays 424e, and golder bump 466 Shieldinglayer.220 also
dissipate}g eat generated by semiconductor die 19977 In FIG. 9, the semiconductor device with the
3D Inductortrhade With the prefatiricdtedpillardfiaime furtlserdnoludes athincfilnrclpaxitor 222 4s formed in

build-up ojeconnest faver J4g, apddhin i canpeiter 224 is fprmedin bulkyptercanpect layer 153. In

addition, a thin film resistor 226 is formed in build-up Interconnect layer 149, and thin film resistor 228 is

formed ircBaifRap IftelcohnettdyeP 153 SThethi fill @apacitors 22222 grd tindilrn tasistor 226-228
constitute. addifiopalJPDsthat can bgdarmed in huildup Intereonnedt siruciures 149 and. 153 In

FIG. 10, the semiconductor device with 3D Inductor made with the prefabricated pillar frame further
Includes Brsefete B nfieGARIttrLesHpsiterits 230%HP23 T arcfotined oeph as DSP, ASIC,

memory, or other signal processing circuit. Semiconductor die
158 may also contain IPD, such as inductors, capacitors, and
resistors, for RF signal processing. Semiconductor die 158 can
be a flipchip type device or wire bond type device. 1In 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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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 skilled artisan will
appreciate that modifications and adaptations to those embodiments may be made without departing from
the scope of the present invention as set forth in the following claims. Claims What is claimed:

represent one type of interconnect structure that can be formed
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 high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, matching networks, and tuning capacitors. The
IPDs can be used as front-end wireless RF 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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1. A method of making a semiconductor device, comprising: providing a temporary carrier; mounting a
semiconductor die or component over the temporary carrier; forming an inductor core over the temporary
carrier, 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 semlcondllgqgr dlg or component l%od es ar]Cd Idg or core; re 0\{|n9 tge glate of the

i
prefabricated pillar frame while Ieavmg the boka)les o form inducto rpllferslacr&?n the inductor core;

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
passivation 150 is part of the encapsulation and conductive
layer 152 is fabricated in lead frame technology by half etching
other portions of the frame.

FIG. 6 shows an embodiment of the semiconductor device
having stacked semiconductor die and multiple 3D inductors made
with the prefabricated pillar frame. A back surface of
semiconductor die 190 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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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. 3. The method of claim 1, wherein removing the plate of the
prefabric%tfgiqg%r fjé%mg J%%v.esz%n_%e.rconnect pillar.
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 IPD. Shielding layer
220 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 inter-device
interference. Shielding layer 220 can also be a non-metal
material such as carbon-black or aluminum flake to reduce the
effects of EMI and RFI. Shielding layer 220 thermally contacts
the backside of semiconductor die 122. Shielding layer 220 is
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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4. The method of claim 3, further including stacking a plurality of the semiconductor die or components
electrically connected through the interconnect pillar. 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 qoevicle within.th% first or secgnq intercomgct st&uctﬂres 8.A rﬁthod of ma in%a semiconductor
; u1ld-up in grconnec ) ager. an e(FcFrlca X c?nnec ed tg .
device, comprlsmg][‘.j providing a carrier; mounting a semiconductor component over the carrier; formlng an
inductor coredover thecamiger 152.
While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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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; removing a portion of the prefabricated pillar frame, wherein a remaining portion of the
prefabricated pillar frame provides inductor pillars around the inductor core; forming a first
interconnect structure over a first surface of the encapsulant; removing the carrier; and

Claims

What is claimed:

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

providing a temporary carrier;

mounting a semiconductor die or component over the
temporary carrier;

forming an inductor core over the temporary carrier;

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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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. 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 irterconheet stetdtoreso f13: Thameéthodhefotdim 8 clurthénimciuding forreng & digcrete

refabrica 1r1ar rr avVes an 1nterconnect pillar.
semlcon%uct(%r Qver th% Q&st éntﬂconn cg%téucltgre . .

4. The method of claim 3, further including stacking a
plurality of the semiconductor die or components electrically

connected through the interconnect pillar.

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;

removing a portion of the prefabricated pillar frame,
wherein a remaining portion of the prefabricated pillar frame

provides inductor pillars around the inductor core;
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forming a first interconnect structure over a first surface
of the encapsulant;

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 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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