SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTEGRATED
PASSIVE DEVICE Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor
device and method of forming an integrated passive device. Background of
the Invention Semiconductor devices are commonly found in modern
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devices typically contain hundreds to millions of electrical components.
Examples of integrated semiconductor devices include microcontrollers,
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aviation, automotive, industrial
Semiconductor devices are commonly found in modern

electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as high-speed calculations, transmitting and
receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating
visual projections for television displays. Semiconductor
devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



controllers, and office equipment. Semiconductor devices exploit the

electrical properties of semiconductor materials. The atomic structure of

semiconductor material allows its electrical conductivity to be manipulated by

the application of an electric field or base current or through the process of

doping. Doping introduces impurities into the semiconductor material to
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emiconductor devices are generally manufactured using two complex
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manufacturing involves the formation of a plurality of die on the surface of a
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eleCQ??gg¥ugy¥L@¥8¥gg?m%gggﬂggéﬁzuctures, 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.

FIG. 1 shows a conventional IPD semiconductor device.
Semiconductor die 10 contains analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed on a base material, such as
silicon, and electrically interconnected according to the
electrical design and function of the die. A resistive layer

12, conductive layer 14, resistive layer 16, and insulating



12, conductive layer 14, resistive layer 16, and insulating -3 layers 18 and 26
are formed below semiconductor die 10. A discrete semiconductor device 22
is mounted adjacent to semiconductor die 10. An encapsulant 24 is
deposited using a molding process and then conductive layer 28a-28Kk is
formed over semiconductor die 10. An insulating layer 30 and bumps 32 are

formed over, cgnductive layer -28k. Conductive layer 14, resistive layer
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semiconductor package, the bridge of the inductor is typically
located beneath the semiconductor die. The IPD construction
limits the size of the inductor that can be realized within the
package. In addition, to achieve a high-Q inductor, a high
resistivity silicon base material is required for semiconductor
die 10. Otherwise, the eddy current losses from the inductor
can interfere or otherwise adversely influence the operation of

the die. The high resistivity substrate adds cost to the

manufacturing process.
Summary of the Invention

A need exists for a large value inductor in a
semiconductor package without using a high resistivity
semiconductor substrate. Accordingly, in one embodiment, the
present invention is a method of making a semiconductor device
comprising the steps of providing a semiconductor die having a
resistivity, and forming a first capacitor over the

semiconductor die. The first capacitor is electrically



semiconductor die. The first capacitor is electrically -4 connected to the
semiconductor die. The method further includes the step of depositing an
encapsulant over the first capacitor and around the semiconductor die. The
encapsulant has a higher resistivity than the resistivity of the semiconductor
die. The method further includes the step of forming a first interconnect
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wound to operate as an inductor. The portion of the second conductive layer
awayS%ﬁ&ﬁﬂé&ﬁﬂ&ﬂﬁﬁ%ﬁﬁjOf the semiconductor die and wound to
operate as an inductor. The portion of the second conductive
layer 1is electrically connected to the first capacitor by the
first conductive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die, forming a first capacitor over
the semiconductor die, depositing an encapsulant over the first
capacitor and around the semiconductor die, forming a first
conductive layer over a first surface of the encapsulant,
forming a first insulating layer over the first conductive
layer, and forming a second conductive layer over the first
insulating layer. The second conductive layer has a portion
formed a predetermined distance away from a footprint of the
semiconductor die and wound to operate as an inductor. The
portion of the second conductive layer is electrically connected
to the first conductive layer.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



to the first conductive layer. In another embodiment, the present invention is
a method of making a semiconductor device comprising the steps of -5
providing a semiconductor die, forming a capacitor over the semiconductor
die, depositing an encapsulant over the capacitor and around the
semiconductor die, and forming a first interconnect structure over a first

su face of the encagaula?t Tt&e first | Jterconnect structure, includes an_,
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including an inductor formed a predetermined distance away from a footprint
predgfupersensidonduciondie. BrieDésaiptionisfahe Drawirgs FIG 1 illustrates
semi@SeAventional IRD semiconductor device; FIG. 2 illustrates a PCB with

different types of packages mounted to its surface; FIGs. 3a-3c illustrate
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device with a capacitor embedded within the encapsulant and inductor
Capaﬁﬁ&%ﬂeﬁ&ﬁwﬁéwﬂﬁ%%eﬁﬂ8oﬁﬁﬁﬁ&qméuCtOr die. An encapsulant is

deposited over the capacitor and around the semiconductor die.
A first interconnect structure is formed over a first surface of
the encapsulant. The first interconnect structure including an
inductor formed a predetermined distance away from a footprint

of the semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates a conventional IPD semiconductor
device;

FIG. 2 illustrates a PCB with different types of
packages mounted to its surface;

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

FIGs. 4a-4g illustrate a process of forming an IPD
semiconductor device with a capacitor embedded within the
encapsulant and inductor formed away from the semiconductor die;

FIGs. 5a-5b illustrate the IPD semiconductor device
with the capacitor embedded within the encapsulant and inductor

formed away from the semiconductor die;



FIGs. 5a-5b illustrate the IPD semiconductor device with the capacitor
embedded within the encapsulant and inductor formed away from the
semiconductor die; -6 FIG. 6 illustrates a MIM capacitor formed within the
bottom-side build-up interconnect structure; and FIG. 7 illustrates the IPD
semiconductor device with topside and bottom-side build-up interconnect

structures,and intercgnnecting condyetiye pilars, Detailed Deseription of the, .
Drawings The present invention is described in one or more embodiments in
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scope of the invention as defined by the appended claims and their
equivalents as supported by the following disclosure and drawings.
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manufacturing processes: front-end manufacturing and back-end
manufacturing. Front-end manufacturing involves the formation of a plurality
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mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

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

necessary to perform electrical circuit functions.



components, such as capacitors, inductors, resistors, and transformers,
create a relationship between voltage and current necessary to perform
electrical circuit functions. -7 Passive and active components are formed over
the surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and planarization.
Doping iBtrg%tices im &Jrigg% into the_semico du%tgrenpéer%egopyot\ggrrmiﬁggs

as. a ve CO onen
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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

layer to be patterned. The remainder of the photoresist is



photoresist, over the layer to be patterned. A pattern is transferred from a
photomask to the photoresist using light. The portion of the photoresist
pattern subjected to light is removed using a solvent, exposing portions of
the underlying layer to be patterned. The remainder of the photoresist is -8
removed, leaving behind a patterned layer. Alternatively, some types of

materials are patterned by directly depositing the material into the areas or
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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



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,

ackQuirebonds,. An encgosulant or.other molding maferialis deposited ayer the
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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 (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 2, 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

each of the semiconductor packages, mounted components, and
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components. In FIG. 2, 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
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mounted on PCB 52. Depending upon the system requirements, any

F1rsgorBinatioR 26t SehiicBnddctor Padk e Ebnfiftied i @R/ Fcothbitation bf P

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

resulting devices are less likely to fail and less expensive to
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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 gg%-ﬂa&e co.mpon%Et% into ele%tropé% devices and systems.

r
manuracture r " n a ower .Cgs consumerss . .
I_Eecause the semlconguc]tor packages m&u e sophlsﬁcategf ﬁmctlonallty,

eIectronEH@wbe@&Mehmu@aﬂm@Uausings eghba@eﬁuomonpama .
r1c.Stgamined manufactyring pracess, he rezulting d&X"‘rﬁ%@&% leps likelyto o5

fail and less expensive to -11 manutacture resulting in a lower cost for
Semicomsumarsr FiGs 3&43¢ showdsxenmplagdemiconducstonpackagesn F1G. 3aalog

or dlllystrates yrherdetail of PIE 64,maunted on RCB 2., Semiconductor.die 74
inCludes an active region containing analog or digital circuits implemented as
devigetive devichs: passive evices, eondutiive $ayers Cand rlectdemyess within

the fRrmedygthin the die apd are elecirically interconnested.according todhe e

electrical design of the die. For example, the circuit may include one or more
e lecfransistorsifiodes, ductrsdégpacitors, FESIStBrsS andithérigifetitt may

inc1glements frmeghwithin.the active, region;of semicanducterdis, 74. GOMagt, r s,

_pads 76 are one or more layers of conductive material, such as aluminum
resiggprdpper dchly,tir (S I hickél (RSBl CEFSieY tAG) anblgeactive
regielgctically aonneciad to thescircuitelements formedwithin esemicopddctor more

die 74. During assembly of DIP 64, semiconductor die 74 is mounted to an

Layeperffediate Carfdr'as U8ihga gdid- SiiEon btetlitTdysidr Kithbsiveorrer
(cu)material spgh asithemaal (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. 3b 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

deposited over semiconductor die 88 and wire bonds 94 to provide
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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
nysQfe honds 82. EIG. 3 ilustrates further detal of BCC 62 maunted on
PRYSpER 52 Semiconductor die 88 is mountsedlover carrier 90 "using an underfill
Contercepmadesiadhesive material 92 Wise honts @4 providesfirstleveling a
suicBadNg.IerEogIect hetwaen, coniacl pads 96 aud 28, Moding compaund.
IS &d 8an %ong[s

or encapsulant 1 eposited over semiconductor die wire
or e94 ¢ pro\vides - 12l phyisical 'sapport edidtelecttidaltisolation forrthe devieeds 102

are g?@‘@i& pads 192 are farmed,oyer a,gurfage gLBCB 5 ysing A, sulable, |

metal deposition process such as electrolytic plating or electroless plating to
tracgreveAdt éxidafidh. Contabtpans 102 areeldisdly donpeerid touieaet pads

98 oOERE0RguCtive signal a@%c%%% in BEB 52.Bumps 104 are formed
between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In

FIG. 3c, 5Bnfiééndutfor di€BBIe PbLHtEd fateSdown 1to iRtermedrhté earigtown

to 110G witba flinchin stylefirst layel, packaging: Active feaion 188 pf rst 1evel
semiconductor die 58 contains analog or digital circuits implemented as
packagtiveddevides, passive devites CorductivB aysts Yand dietedric fayers talns

analfosmed ageprding teithe glaciricalslesignefdhe gie. fror example,ithesgircuit
may include one or more transistors, diodes, inductors, capacitors, resistors,

PaSSéM§oﬁﬁ¥%ﬁ%ﬁneﬁﬁﬁ&%&%ﬁﬁﬁq58%ﬁ¥5' 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

die 58 can be mechanically and electrically connected directly
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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

Iding com ouopsg or encapsulant 116 is_deposited over semiconductor die
©0 P8 ahd CrierAOB 6 proUite. Bryaical s pportany diebh oA Eetoh T
intedewide.afte ¢k chiprsentiéonductor device provides a short electrical

conductign path from, the. gctive, devices an semiconductor die.58 to d 3a-
conduction tracks on PCB 52 in order fo reduce s?gnlaﬁ propaga?osn'dista%%e, @
3¢, lower capascitarfcef andimprove dvEial ccircoitpérformandevincgnothemh a

capaCTPogiment. liesemicopdyctor die B8 can ae mechapically. gaod elactrically
connected directly -13 to PCB 52 using flip chip style first level packaging

indugitkeutt mtéﬁfﬁecﬁmyw‘iﬁém@e.ﬁq@tg@némg ifistrdte, ﬁﬁmmﬁt@@@%. gie.
semi@Rd 38362 pracess of forming ap IPDssemiconductgr deviee yvithha 4 o+ i ve

capacitor embedded within the encapsulant and large value inductor formed
surfaway froth afécpriftofthe Semitsrddcior dikCSemicenadaer die’dr warekains

ana1blB bas goptact pads 149 onactive: sidagce - 42Q orignted facingupwayd.
Active surface 120 contains analog or digital circuits implemented as active
PassSMfces Vpassive HEVEES CofftiutBVE Iayers: Ahddisiee ficagersFofhad formed

on aabase matedal such agsiices, and elesirjcallyqintarsennracied agcording to
; ol electrical design and funcion of the die, For example, the circuitmay
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
active surface 120 to implement analog circuits or digital
circuits, such as digital signal processor (DSP), ASIC, memory,
or other signal processing circuit. The base material of
semiconductor die 118 has relatively low resistivity, e.g., less
than 100 ohm-cm, for lower manufacturing cost. Semiconductor
die 118 may also contain IPD, such as inductors, capacitors, and
resistors, for RF signal processing. A typical RF system
requires multiple IPDs in one or more semiconductor packages to
perform the necessary electrical functions. Alternatively,
insulation layer 122, such as Si02, is blanket deposited over
surface 120 without active circuitry.

Semiconductor die 118 can be flipchip-type die or
other semiconductor die without bumps. In the case of a
flipchip die, an insulating layer 122 is formed over active
surface 120 of semiconductor die 118. The insulating layer 122

can be one or more layers of silicon dioxide (Si0O2), silicon
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transistors, diodes, and other circuit elements formed within active surface
120 to implement analog circuits or digital circuits, such as digital signal
processor (DSP), ASIC, memory, or other signal processing circuit. The
base material of semiconductor die 118 has relatively low resistivity, e.g.,
less than 100 ohm-cm, for lower manufacturing cost. Semiconductor die 118

.. _may a tain IPD, such as inductors, capaci , and resistors, for RF .
i A R D e ot s b e
(Ta28emicoaducton packegessto (pe#orn the necéssary ehectrical furictions g

.. Alternatively, insulation.layer 122, such as Si02, is.blanket deposited pver.

=i R e et e ey B T LU P

layeflipdRip-type Hieroe dtherisemiponddctoodieswithout baimpsy In Brreasecold 1ng,

s1nt{ipehip dis. an,insylating layer, 122.is formed pyeractiye syface 120.0f 1 ,yer
semiconductor die 118. The insulating layer 122 can be one or more layers

122 afssilicorrdiotidey(SioR) esifior ez pinites (Si3N4P SHivdntoxyhtRGe ESION); act

padstaniaum pentoxide -(Ta205) Aluminum oxide-(41203). rathermaterial ;o g o
having similar insulating and structural properties. The insulating layer 122

119 rHorfred asrgiiitingdssinicbating, spray coating, sintering or thermal

oxidatiors A pegionof insylating layer 122115 remoyed by an eteher 124 is
development process to expose contact pads 119. A conductive layer 123 is
Patiiymied Vet coRtaet pads PIoef sehiicorducter drRVEES. 11 FIGSAB%n

elecelestrigally. conductive layarel4-is1 patierned @ denasited oves msutingt her
B S e B e A i B U P AL
one or more layers of Al, TaSi, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 124
is electrically connected through conductive layer 123 to
contact pads 119 of semiconductor die 118.

An insulating layer 126 is formed over conductive
layer 124. The insulating layer 126 can be one or more layers
of Si02, Si3N4, SiON, Ta205, Al203, polyimide, benzocyclobutene
(BCB), polybenzoxazoles (PBO), or other suitable dielectric
material. The insulating layer 126 can be patterned using
printing, sintering, or thermal oxidation. Alternatively, the
insulation layer 126 can be blanket deposited without patterning
inside the die area.

An optional encapsulant or polymer dielectric layer
128 is deposited over insulating layer 122, conductive layer
124, and insulating layer 126 using a paste printing,
compressive molding, vacuum lamination, spin coating, or other
suitable applicator. Encapsulant 128 can be photosensitive

polymer resist, such as polyimide, BCB, WPR, PBO, and epoxy
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suitable metal deposition process. Conductive layer 124 can be one or more
layers of Al, TaSi, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 124 is electrically connected through conductive
layer 123 to contact pads 119 of semiconductor die 118. An insulating layer
126 is formed over conductive layer 124. The insulating layer 126 can be

pascdie Qrmare layers of 2102, SIahkl, SION. T8205,41203, paimide, o, o1,

enzocyclobu ene” ? é%?, p(ﬁyg‘gnzoxazolrés E]ébas, or Gther stitabig Y

withdigliectric materialy Therndulatng fayer 126 ban beopatterhgdersingt phintimgper

£1113tering, ot thermal pxidation. Alternatively, the. insulation Jayer 126 cary.be
blanket élep S|te(]:1 without patterning inside the die'aréa. An optionaP

ohm . efcapsutant @ polymarcdiclectriciager 128ts depositettaver insatidg fayent

of tH23Eonductive layer 124, and insulating layer 126 using  paste printing;

compressive molding, vacuum lamination, 'spin coating, or other suitable
condggiilicatdry Encapsidantize can B8 photasensitivedpolyiie? résist, such as

enviE@M%@ﬂ@a@§§’¥¥%%eg§§L€H@‘3&%@5&§$ﬁg@gfegébf%@obﬁﬁﬁ external

composite material, such as epoxy resin with filler, epoxy acrylate with filler,
elemgnsslymer with proper filler. Encapsulant 128 has a resistivity greater than

1E12 ohm.cndowdess @angspt 1ow dielgstricconstant, coefficient: ofe 1ayer
thermal expansion (CTE) of 3-80 ppm/C, and high thermal conductivity.

1302papshsttaiRt 128 BHohecdtRilicive af@remvifdtineally prosdsthed laver
126 semiconductor devige from external, elenaents oindelG. 4z an opfionakination,

or oifggmﬁﬂ%gg%%gxgggg e%eposition process. Conductive layer
130a and 130b can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material.

Additional encapsulant 128 is formed over conductive
layer 130a and 130b, as shown in FIG. 4d. A portion of
encapsulant 128 is removed by an etch development process to
expose conductive layer 130a and 130Db.

The assembly described in FIGs. 4a-4d is attached to
temporary carrier 117 with thermal or light releasable tape.
Carrier 117 contains temporary or sacrificial base material such
as silicon, polymer, polymer composite, metal, ceramic, glass,
glass epoxy, beryllium oxide, or other suitable low-cost, rigid
material or bulk semiconductor material for structural support.

An encapsulant or molding compound 132 is deposited
over carrier 117 and around semiconductor die 118 and
encapsulant 128 using a paste printing, compressive molding,
transfer molding, liquid encapsulant molding, wvacuum lamination,
spin coating, or other suitable applicator. FEncapsulant 132 can

be polymer composite material, such as epoxy resin with filler,
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130a and 130b is patterned and deposited over insulating layer 126 using
electrolytic plating, electroless plating, lamination, or other suitable metal
deposition process. Conductive layer 130a and 130b can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Additional encapsulant 128 is formed over conductive layer 130a
and 130b, as shqwn inFIG. 4d. A portion of encapsulant 128 is removed by
PO A ciod ot BroOSE to SxpBes EBRaUG S lapb L0n had 1306,
EncaPhe bgsembBldéstsibed ir F1G$.14a-4d ig attatked tohdemp8iaty chmrierrd, 171 ow
10580 fermal of lghtyelaasaple (ape, (CAUIEL LLZ LONIEINS (PR 06| ona
sacrificial base material SUCh &s sﬁlcon, polymer, polymer composite, metal,
highcéramicieglass)nglass epoky, -beriilfioaroxidedr dther suitable lovpoosis Figice

and g@%%ri%%QH’é‘aﬁel@?CBPglﬂ%@EQ‘aé%réa';f‘éénﬁt%%ﬁ'i?é%?p%wé%e from

encapsulant or molding compound 132 is deposited over carrier 117 and
extegrpuhdserriednducordie I 1gard: aneapsulahe1 28 UBingea pasterprireingl 1 7

is r%%%e&SQ/&rQQ'd&%q;otbf%ta%fﬁgW@A@Qgé@ﬂ%@n@@@sﬂ'am molding, vacuum

lamination, spin coating, or other suitable applicator. Encapsulant 132 can
be polyrdét dohfposttermaferial SUth s Ehoxy resmswitle il - 1GEpexyL 36 1s

£ ormelyiie with fillep, Qringlymenwith proper fillst., Engapsuantl3zbasiaponding
resistivity greater than 1E12 ohm.cm, low loss tangent, low dielectric

the grsignt, EFESGFEED phrivie, HHee ARfCtheAMARSSHItcHGity. Erftapsblaht om

carridzisinon-conductivesand envigonmentally protests the semaicorduEdoe layers
device from external elements and contaminants. The temporary carrier 117

of SifYemovedhiter teplsiting €ncapddiahtiaphotosensitive polymer

dielectric resist, such as PBO, WPR, or other low temperature
cured epoxy based dielectric resist. The insulating layer 136
is formed using printing, spin coating, spray coating, or
sintering. A portion of insulating layer 136 is removed by an
etch development process to expose conductive layer 130a and
130b.

An electrically conductive layer 138a and 138b is
patterned and deposited over insulating layer 136 and conductive
layer 130a-130b using electrolytic plating, electroless plating,
lamination, or other suitable metal deposition process.
Conductive layer 138a-138b can be one or more layers of Al, Ti,
Tiw, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 138a is electrically
connected to conductive layer 130a, and conductive layer 138b is
electrically connected to conductive layer 130b.

An insulating or passivation layer 140 is formed over
insulating layer 136 and conductive layer 138a-138b. The

insulating layer 140 can be one or more layers of Si02, Si3N4,
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In FIG. 4f, an insulating or passivation layer 136 is formed over encapsulant
128 and encapsulant 132 after debonding the molded substrate with
embedded semiconductor die 118 from carrier 117. The insulating layer 136
can be one or more layers of Si02, Si3N4, SiON, Ta205, A1203,
photosensitive polymer dielectric resist, such as PBO, WPR, or other low

SiONte”%%eéé‘%‘,reA‘i‘HSS’ engyy based dielectric resist, The Jasylating layer 136 is,
formed using printirig, spin coating, Spray coa r\ﬁg, or smeterlng. A portion of
suchingalafiRg lay&tRL360s removed byvant etciedevelopment prbcess 1y ekposel

. onductive layer.130a.and 130h. An electrically ¢ ctive layer 138a an
dlel%f%ﬁrlls pgt%lnée%'anﬁgp&s%%lélgv%lr ir('ngsu][élal négglrlegglrejj 136 afg%%%gugt%egg
pr int@;‘xems@ammon Q@trﬂglglethlyﬂo’ plati@‘g,ietectrglless Jphating Niemindtiorp of 1on
or 19hgr suitable metal denositian pracess. Gandutive layer; 138a-138b can be
one or moré layers of Al, Ti, TiW, Cu, Sn, Ni, Au, Ag, or other suitable
proceleetrically *condective fatérialcCondactiveIdyerI3Bal is®ectrically

connected tg-genduggive layer 130a, and cpnductive Jayer 138h.is. plegtrically 4 » ¢

connected to conductive layer 130b. An insulating or passivation layer 140 is

is PrirRENREr SRSUIBRRG fye?d 36 EHd dotukfive eyl 2884-138D. Fhe

condifgdlaling layer140:can be gpe o meredayers.of 502, SigN4y 115 SION,
Ta205, A1203, photosensitive polymer dielectric resist, such as PBO, WPR,
e lecrother fovr tehipérature ¥ted Bpeky based disiectiid resist. THeFiRgdlating

depolgyer 340 js-tormed using HrintingSRIN £0apng:SFay Coating i sHierag A yer
142 RO g e L e oy Py AN S Ryl e
depending on the connectivity of the individual semiconductor
die. Conductive layer 142a-142f can be one or more layers of
Al, Ti, Tiw, TiN, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 142a is
electrically connected to conductive layer 138a, and conductive
layer 142b is electrically connected to conductive layer 138Db.
Conductive layers 138a, 138b, 142a, and 142b operate as
redistribution layers (RDL) to extend interconnectivity.

An insulating or passivation layer 144 is formed over
insulating layer 140 and conductive layer 142a-142f. The
insulating layer 144 can be one or more layers of Si02, Si3N4,
SiON, Ta205, Al203, photosensitive polymer dielectric resist,
such as PBO, WPR, liquid solder mask, or other low temperature
cured epoxy based dielectric resist. The insulating layer 144
is formed using printing, spin coating, spray coating, sintering
or thermal oxidation. A portion of insulating layer 144 1is
removed by an etch development process to expose conductive

layer 142a, 142b, and 142f.
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process to expose conductive layer 138a and 138b. In FIG. 4g, an electrically
conductive layer 142a-142f is patterned and deposited over insulating layer
140 and conductive layer 138a-138b using electrolytic plating, electroless
plating, lamination, or other suitable metal deposition process. The individual
portions of conductive layer 142 can be electrically common or electrically

isolated de ing.on the cannectivity of the individ emiconductor die.
Conductie 1ot 19 145 A B0 O o L Toger o AL TN
FIGsCu48n4Ni, A, Agyor ottbrasuitable elestricallycbhductivelmatenat. bump
mareEP09ucivelaver 42ais lactrically sangegtedto conduyclive Iygh L38a,, 145
and conductive Fayer 42b is electrica y connectéd to conductive ayer 1I§j8b.
usin@oaductiverayersit88a, 4 38b 142 taned M2l operates ds dedistdisutianl ating,
ba11/aYers,(RRL) toaxtend intarconnectiyity Ag insulating orpassivationlayer ., 1
144 is formed over insulating layer 140 and conductive layer 142a-142f. The
Al, {Psulaiihg l&yer 124 caiPbe Bhe df inoredayers of 8102 cSIBRUN SON STa205,

ther83203,phatosensifive;polymer diglectrs resist, suchgs BBQWRR, liguidy,
solder mask, or other low temperature cured epoxy based dielectric resist.

mat eThe instidtingtlageit 844 € forindlusig PRntifG SpHe L8&ting, Spraye édatiee e

soldgipteringy or thermahgxidatign. A pogiansefdnsulating layer 144 is yemoved,
by an etch development process to expose conductive layer 142a, 142b, and
usingast i PRk B%t,%@ﬁ!i?&?ﬁaﬁc?d? RRACETE5 BESGbEY-iIn Elc&Ma-4g is

embolilvReed andian elesisically eenductive humn Jateriglisdeposigd over

mat e?:%gdlucgk\gcejxlfaeyei"tlsflzg’e ?L-ﬁzi%gaqado%ﬁl%f to form spherical balls or
bumps 146. 1In some applications, bumps 146 are reflowed a
second time to improve electrical contact to conductive layer
142. The bumps can also be compression bonded to conductive
layer 142. The height of bumps 146 is at least 100 micrometers
(um) . Bumps 146 represent one type of interconnect structure
that can be formed over conductive layer 142. The interconnect
structure can also use bond wires, stud bump, micro bump, or
other electrical interconnect. The combination of conductive
layers 138 and 142, insulating layers 136, 140, and 144, and
bumps 146 constitute a bottom-side build-up interconnect
structure 148.

Semiconductor device 145 contains one or more passive
circuit elements or IPDs for RF signal processing. In one
embodiment, conductive layer 124, insulating layer 126, and
optional conductive layer 130b is a MIM capacitor. The MIM
capacitor is embedded in the high-resistivity encapsulant 128,
which in combination with the high-resistivity encapsulant 132

forms a substrate for build-up interconnect structure 148. 1In
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using an evaporation, electrolytic plating, electroless plating, ball drop, or
screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B,
Cu, solder, and combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead solder, or
lead-free solder. The bump material is bonded to conductive layer 142 using

suitable attachment or ponding process. In one _empodiment, the bump
o TR by AT (e AEX Bl b0 B T aelfig Fomic o

encagphericat balksSor blmpseidt: dd somegpplications, Bumps 146 aré veflowed-
form%dseocrﬁ)”get%nm%é%%%@é’% eé%%”?b"’l' goplact 1o Cgﬁ%%%%’eﬂ%ﬁrié‘%ﬁ@h%e ore

bumps can also be compression bonded to conducti ayer e height
formefthumpe 14bug atlleast 100 evicrometets $pml.cBumps 146 repfesedtiohe ve

1ayelYPeP] fercopnect stuctyre, éhﬂotr‘?é\?i%?efoé med.quer condyetive layer 142.¢ -
The interconnect structure can also use bond wires, stud bump, micro bump,
addigy otlrer dléctficalipteréaecs IH@dombination bigenductive layers 138

and 142 rinsulating {ayers 136, 140.nd 144, ands bumps. 146, constitute @1, pe

bottom-side build-up interconnect structure 148. Semiconductor device 145
WoungoAINS VNS mbrépassive irchit eRsiReRSoraPDefor RFsigrgiuctive

propliocegsing. inane empoadiment canduetive tayer 124 4psulatipg layer d26: ute
and optional conductive layer 130b is a MIM capacitor. The MIM capacitor is
& WoumbeddeY fit ther high-réSistivity encapstiiaht 998, WHidlF m ebmbinatibA with' Ve

layetelhigh-resistivity-encapaulant +32 tormsgssubstrate for Ruildrupietermined
o4 TiEIEONNECt SfUCture 143, In19 another embodiment, a rench capagitor ,
149 of semiconductor die 118. The inductor 142c-142e is located
at least 50 pm away from footprint 149 of embedded MIM capacitor
124-130 and semiconductor die 118, and electrically connected to
the embedded MIM capacitor 124-130 and semiconductor die 118 by
way of the RDL bridge formed by conductive layer 138b. By
locating the inductor 142c-142e away from the low resistivity
semiconductor die 118, and separated by the high-resistivity
encapsulant 128 and encapsulant 132, the eddy current losses
induced by the inductor do not interfere or otherwise adversely
influence the operation of the die. In addition, since no
interconnect bump 146 is formed below the inductor 142c-142e,
the thickness of conductive layer 142c-142e can be at least 100
pm for a larger value inductor.

The IPD semiconductor device 145 provides 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-
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encapsulant 128. The embedded capacitor 124-130 is thus pre- formed on
semiconductor die 118 before encapsulation and before formation of
build-up interconnect structure 148. Conductive layers 130a, 138a, and 142a
provide electrical interconnect for additional RF or baseband signal
processing. The individual sections of conductive layer 142 can be wound or

ena S3ilediin planiew to produce or exhibit inductive properties, Forexample, 1,
conductive layer -142ecdnstitute a wound inductor, as shown'in
anteplan-view it F4@ sble. i@emductiVeelayBpPl142cti4Le s formedeoverhi-Q balun,

apsulant 132 redetermined horizontal distan way from footprint 0
e 14 B e ot 116 T e Fef ot 1430 T
applisdetdtedsat leadtt5®pm dwayfrontfootgrimned chembeddedvIMubstrate,

a110§ARAFTAN 1124-130 and semieqndyctor:die 118, apd electrically copaected o, ,
the embedded MIM capacitor 124-130 and semiconductor die 118 by way of

are thesRDLbrrigeforméd by cf)ﬁlfjuWIh?ePTS@@SB)@ﬂo@ﬁ@ﬁhélmloﬁYStem
for HA45-1426 away frndhe low resisiivity .semicondygton die; 118, ande - o

separated by the high-resistivity encapsulant 128 and encapsulant 132, the

freqggayrEurremtdosdesLrditetBY e irddcteFad nbeiteferéisicotheviserical

re sgdverselycinfluence the eneration ehthe,dig. -addition.3in¢g-AGuency
_interconnect bump 146 is formed below the inductor 142c-142e, the
CIT Cihidkhess ofEBnddctiVel Sy ereTUZ 4D EQR Bt fedkt 100° pRifof aldrgere

nece¥ale ynducter: FhedPDrserpiconductor device 145 provides electrical
characteristics needed for high frequency applications, such as resonators,

high-passiifterd, 1I6RPESsTiters. BandaiassS e S mmetric H® resonant
semittansfarners, sratching reetmeosks; andtuningraapaciarss § hedBDscahe 1n

FIG.U%?j%%ggQEtive layer 142 also contains portion 142g. The
combination of conductive layer 142g, insulating layer 140, and
conductive layer 138b forms another MIM capacitor for additional
RF signal processing.

Another embodiment of the IPD semiconductor device is
shown in FIG. 7. Semiconductor die or wafer 150 has contact
pads 152 on active surface 154 oriented facing upward. Active
surface 154 contains analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed on a base material, such as silicon,
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 154 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. The base material of

semiconductor die 150 has relatively low resistivity, e.g., less
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-20 end wireless RF components, which can be positioned between the
antenna and transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications, multiple baluns
are formed over a same substrate, allowing multi-band operation. For
example, two or more baluns are used in a quad-band for mobile phones or
0 glogbal system for. mobile (GSM) communications, each balun
LA 0T regiory TGP AL SHO of fhe Gucrt o] GeERTRe o™
die fypicahRF systencreguires MiltiplesPOs armd othén highcfsequernsyc Circuits, inand
.Qne or mo seg}:.lconduc Qr pac to erfog:n the necessary el trir%al
rest u%%ﬁgr’ls. lé%lé 6 sh%\l/\%négn a é:r%%%eg%rln% dimenttc}/fpt gaseml%:roﬁ %%t%r
requgtpgetureidgsaribed IR G L da<grard 5abbe I8 G 6ndonductive dayerdet? to
per @150 cOnLAINS pottion, 1420, The, eombination.of gonductive layer 1429,
insulating layer 140, and conductive layer 138b forms another MIM capacitor
for additiopal RF digaaPproéessihg OArethePembbiirfbatofiliegPpie or
otheSeNicENductor device is Shownin Gy fn Semicandygtor dig ot wafet, 150
~ has contact pads 152 on active surface 154 oriented facing upward. Active
flipsiriacells4 comtainsSaialtg be digitafeirduits impldmenrd & aetivetive
sur rdevices; passivedevicas: cendyctiyedayers, and dielegtiicilayersd O'fLrBd?@ PN156
a base material, such as silicon, and electricalélﬁr/élinterconnected according to

can R QB6wrieal Besign dhicfifctidn of-fier dis LR exampid; tHerdrtuit hay 03+ o
othelACligdeonear meve Hansisters sdiodes, angkather sifeuit elermentsformed

within active surface 154 to implement analog circuits or digital circuits, such
prop§§Eﬁﬁﬁ¢“ﬂ€§%“ﬁﬂ5R&%Flng layer 156 1is formed using printing,

spin coating, spray coating, sintering or thermal oxidation. A

tha

3

portion of insulating layer 156 is removed by an etch
development process to expose contact pads 152. A conductive
layer 157 is formed over contact pads 152 of semiconductor die
150.

An electrically conductive layer 158 is patterned and
deposited over insulating layer 156 using electrolytic plating,
electroless plating, lamination, or other suitable metal
deposition process. Conductive layer 158 can be one or more
layers of Al, TaSi, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 158 is
electrically connected through conductive layer 157 to contact
pads 152 of semiconductor die 150.

An insulating layer 160 is formed over conductive
layer 158. The insulating layer 160 can be one or more layers
of S1i02, Si3N4, SiON, Taz205, Al203, polyimide, BCB, PBO, or
other suitable dielectric material. The insulating layer 160 1is

patterned using printing, sintering, or thermal oxidation.
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other signal processing circuit. The base material of semiconductor die 150
has relatively low resistivity, e.g., less -21 than 100 ohm-cm, for lower
manufacturing cost. Semiconductor die 150 may also contain IPD, such as
inductors, capacitors, and resistors, for RF signal processing. A typical RF
system requires multiple IPDs in one or more semiconductor packages to

erform the necessary electrical functions. iconductor die 150 can be .
ALYy (o B ot CemEBHASr e ot budipe. 1 TS Caske g £
withflipchipadié,caminsalating layertlss is fermed aver active surface 154 of

semiconguctor die 15Q. The insulating layer 156, can be one ar more layers
o7 S102, N SN Tat RS0 5t s PALAAE v Sy 2
162 ipsuldting ahdestrucigral properties ithe nsuitatingdayerBelisformed agig

160, PARIING. SRIN £PRT. SRAY. Coating, Sinfgring ggglclegm&t oxidatign. A portion

of insulating layer 156 is temoved by an etch development process to
compggFesEVcoitactPatis, 1528 Aeahduritive alayen15Fislforrmedioved confacpther

suitPade 192,01 semiconductar dig, 150, An elgetrically gandyctive layer158,s

patterned and deposited over insulating layer 156 using electrolytic plating,

Polyeleetrsess platingy ninatier, lorctheérsuitdbie nEt&l:depsitionsrosesky
base@opdugtive layer 158 can be angysmete Jayers of Al TaRinClsSBpNLAthesin

, A%,,or other suitable electrically conductive material. Conductive layer 158 is
withebetitafly cERrected tirdligh coldbtivelhyEr 157 o BOrtARE palls 15 2rgtorer

fill@ﬂnmoﬂﬁdgpégkh%ﬁoﬂ@y"ﬁ@gﬂ@gﬂﬂﬂﬁ'H@%@JQHB@Q?V@EQQﬂBKﬂVQan
1E12 ohm.cm, low loss tangent, low dielectric constant, CTE of
3-80 ppm/°C, and high thermal conductivity. Encapsulant 162 is
non-conductive and environmentally protects the semiconductor
device from external elements.

An optional electrically conductive layer 164a and
164b is patterned and deposited over insulating layer 160 using
electrolytic plating, electroless plating, lamination, or other
suitable metal deposition process. Conductive layer 164a and
164b can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material.

Additional encapsulant 162 is formed over conductive
layer 164a and 164b. A portion of encapsulant 162 is removed by
an etch development process to expose conductive layer 164a and
164Db.

A temporary carrier is attached over encapsulant 162
with thermal or light releasable tape. An encapsulant or
molding compound 170 is deposited over the temporary carrier and
semiconductor die 150 and encapsulant 162 using a paste

printing, compressive molding, transfer molding, liquid
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layer 158. The insulating layer 160 can be one or more layers of Si02,
Si3N4, SION, Ta205, A1203, polyimide, BCB, PBO, or other suitable
dielectric material. The insulating layer 160 is patterned using printing,
sintering, or thermal oxidation. -22 Alternatively, the insulation layer 160 can
be blanket deposited without patterning inside the die area. An optional
encafigapstlant or polymer dielectric layer, 162 s deposited overisulaing layer,,
56, insu a{?ng aye(lg[’1606,1 and conductive ﬁs\yef 1 gusing a pasl%’prln ing,
suitedmpressiveimelding, vacooadamination| $pinceoating, ppbthesrsuitatiiesite
applicatar. Encapsulant 162 can be phojosensitive palymer resist as.
R E1b, PR PRO S oy ot 1o, o Do b e s
fillpraterisd, uchvasepoxytiesir avithfiller Lepoxy adiylasewithditler, or pohmser

hignWiiR proper. filer. Epcapsylant 162 has a high resstivity greater than, 1512 - oy

ohm.cm, low loss tangent, low dielectric constant, CIE of 3-80 ppm/C; and
dielgighthermaldnantiviyI Eneapsuldft Teis° Aonaohdiétive dhgrmal

conagRpEntally protedls the semiconduciptdevice fiom gxtesnpl elements,

An optional electrically conductive layer 164a and 164b is patterned and

envigepasieticoveyY insitattig-ayERe60 85ihgCBRReRBRAc Pratines efectBlessternal

e 1enBlaHing Jaminaiion. Af Qther ssuitaple metg| llion-pregess. ondugtive o
layer 164a and 164b can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
aftegidrBaitatie dedricaly Lohduttive fhaterial. Additional encapsulant 162 is

formed qvep conductive ey 164a andekb4h- A portien ©f saGapsant/t62 nq
£i11 g e S SO E OB PIOCeRS 10 SRR CONTE N s 166,
166b, and 166c. Conductive pillar 166c is surrounded by
insulating layer 168. An insulating or passivation layer 172 is
formed over a first side of encapsulant 162 and encapsulant 170
after debonding the molded substrate with embedded semiconductor
die 150 from the temporary carrier. The insulating layer 172
can be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203,
photosensitive polymer dielectric resist, such as PBO, WPR,
liquid solder mask, or other low temperature cured epoxy based
dielectric resist. The insulating layer 172 is formed using
printing, spin coating, spray coating, or sintering. A portion
of insulating layer 172 is removed by an etch development
process to expose conductive layer 164a and 164b.

An electrically conductive layer 174a and 174b is
patterned and deposited over insulating layer 172 and conductive
layer 164a-164b using electrolytic plating, electroless plating,
lamination, or other suitable metal deposition process.
Conductive layer 174a-174b can be one or more layers of Al, Ti,

Tiw, Cu, Sn, Ni, Au, Ag, or other suitable electrically
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164b. A temporary carrier is attached over encapsulant 162 with thermal or
light releasable tape. An encapsulant or molding compound 170 is deposited
over the temporary carrier and semiconductor die 150 and encapsulant 162
using a paste printing, compressive molding, transfer molding, liquid -23
encapsulant molding, vacuum lamination, spin coating, or other suitable

conaZRRlicator, Epcapsylant 170.can be polymet-compgsite, materal, such s,
epoxy resin with Tiller, epoxy acrylate with filler, or polymer with proper Tiller.
connEncapsutantdittdvas-a vieigh agsistivity‘greaterdthan A&12 tohwe.cirg yow [ds&db is

angent, Jow dielectric stant E_of.3-80 /IC high thermal
1ecAPgEDt Jow dig G PRVC, Angihig
© eCt(%ncﬁ%%vi}fy.C&nc%%é%%%r(\)tni%%lg ngﬁ-cc%ﬁ\égctjfv%%ﬁd I‘taaél]qv}i)ronmentally

protects Ane semicomductor deviceseamaxiarnall @liementstands formed over

insuiQHaAInants. The temporary cauigL is; [RNQVE(L After depesiting oo

encapsulant™170. A plurality of vias is formed in encapsulant 170 and filled
insugith coAddetiiermateriat e fdrm corriuetiveé pillard 2864,s 166b Saktk 166¢.3N4,

sionGondyeliye pifarske6cis surrounded by insylating layerH68. Ansipsylating or
passivation layer 172 is formed over a first side of encapsulant 162 and
suchegEapgseffant 170, aftedeisbrivhig fie Mdfded Substiate With@mbeqRar ature

cure3emBicoRdueios e 450 fram the teraparary, carries. The instating layerlr2 76
, can be one or more#{zge,rs of Si02, Si3N4, SiON, Ta205, A1203, , ,
1s TOREIBSeNsItvE pBIyHiEr thélectfie t8siSE 3tch @s FBOWPR 2 figtlidsofdért €T 119

or thasksQr otheniow tamperatyse cuieshepexy hased dielgctrigyesist. e s
insulating layer 172 is formed using printing, spin coating, spray coating, or
remoﬁﬁﬁﬂﬁ%.iﬂﬂﬁﬁSH development process to expodse conductive

layer 174a and 174Db.

An electrically conductive layer 180a-180g is
patterned and deposited over insulating layer 176 and conductive
layer 174a-174b using electrolytic plating, electroless plating,
lamination, or other suitable metal deposition process. The
individual portions of conductive layer 180 can be electrically
common or electrically isolated depending on the connectivity of
the individual semiconductor die. Conductive layer 180a-180g
can be one or more layers of Al, Ti, Tiw, TiN, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material.
Conductive layer 180a is electrically connected to conductive
layer 174a, and conductive layer 180b is electrically connected
to conductive layer 174b. Conductive layers 174a, 174b, 180a,
and 180b operate as RDLs to extend interconnectivity.

An insulating or passivation layer 182 is formed over
insulating layer 176 and conductive layer 180a-180g. The
insulating layer 182 can be one or more layers of Si02, Si3N4,

SiON, Ta205, Al203, photosensitive polymer dielectric resist,
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of insulating layer 172 is removed by an etch development process to
expose conductive layer 164a and 164b. An electrically conductive layer
174a and 174b is patterned and deposited over insulating layer 172 and
conductive layer 164a-164b using electrolytic plating, electroless plating,
lamination, or other suitable metal deposition process. Conductive layer

174a- b e gne or. more layers of Ti, TiW, Cu, Sn, Ni, Au, A r
SuChot%%réél éb?@lge éctrlcleﬁff/lgzSc%%g%éti\%aggter?eﬁ. 88% &ct£%vfa§§rn¥f2%a?§ure
cure€leetrically worme ctétetbecondilctives et 164ahand conductive dayieryiadblis 2
. lectrically connected to conductive layer, 1.64b. An insulating or passivati .

£8'€S d | g ; RG>
L G et oher AU layes 172 nd onpuctve oy’ oo ering
or thrfad¥4bxThietinsulatinglayer L¥6cantbelomsal bphiore ldyers of $102,1s

remo§@@'4ooysQ!\"eE%O%MPépHQBPSﬁP%@%l% 90%“%%%@8”&@(?{?& such

as PBO, WPR, liquid solder mask, or other low temperature cured epoxy

LayepadePdielettridoresistdTRS tsulating layer 176 is formed using printing, spin
coating, gpray;ceating. sintering, o5 thermal oxidationApprtion ofinsulaling ¢ c

layer 176 is removed by an etch development process to expose conductive
over|ayerir4a alg 17aBeAnetéctricaliPéondiictive fdier 18DaI S0y IS VipatsiAgd on

e 1ecand depositashaver igsulating layst 426 apd-pondyctive Javerif4a- L4 crcen

~using electrolytic plating, electroless plating, lamination, or other suitable
PT1nfbRy deposRidn prodess. THEPintRiGdal porieis Sfcdhtiuctive I1dyer 188, A9/
Pb, €an beelectiaallyr commpn-enelestiically isolated dependingronstheoptional

I A e e T e A R
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 180 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 184. In some applications, bumps 184
are reflowed a second time to improve electrical contact to
conductive layer 180. The bumps can also be compression bonded
to conductive layer 180. The height of bumps 184 is at least
100 pym. Bumps 184 represent one type of interconnect structure
that can be formed over conductive layer 180. The interconnect
structure can also use bond wires, stud bump, micro bump, or
other electrical interconnect. The combination of conductive
layers 174 and 180, insulating layers 172, 176, and 182, and
bumps 184 constitute a bottom-side build-up interconnect
structure 186.

An insulating or passivation layer 190 is formed over
a second side of encapsulant 170 opposite build-up interconnect

structure 186. The insulating layer 190 can be one or more
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can be one or more layers of Al, Ti, TiW, TiN, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. Conductive layer 180a is electrically
connected to conductive layer 174a, and conductive layer 180b is electrically
connected to conductive layer 174b. Conductive layers 174a, 174b, 180a,
and 180b operate as RDLs to extend interconnectivity. An insulating or

assivation layer 182 is foymed over insulatj er 176 and conductive
Ltaye afleFj 8 al-a Og.s'f’ e Z?ﬁsu éﬁ)g}g Ia@ae%Q?Q c?léqngzb@bng%?tf’noosrgrfasfe%rlé%? Si02,
poly8iBN4] 18iCIN,CFa 205, #1203, photdseasitive polyirey, diélegtricdresist,d25 mask,
or o%tljlcehraﬁ gm'? C%, ngr ggﬁlgesoéd%re@ag o%r Otlg%rslgééy tg:ﬂ!{?eé’%@rr% cC_urrggist .
epoxy based dietectric resist. The ins atlné layer 182 is formed using
The purirstings 'spirocoatingy spray coatingrsiateringl og theraral oridatiskiA postioning,
spra9f insulating laver 182.is yemavegh by an etch develapment progess t,, ¢

expose conductive layer 180a, 180b, and 180f. An electrically conductive
insupgmpraateiaric deposited rever condaetivalager 8ok VEsooaAt 1 8of ocess

to e@gg@n&m@tg% gggqglygc plating; glectroless plating, ball drop, or

screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb,
Bi, Cu, sblte? lasd Edmbinafiofs therebt, Vth'an ®ptidialafiy $6lutién. For

pattexafpple, the buppdmatesiabcan be eutactics 55/ARhigh-tead seldel Ofdquctive
lead-free solder. The bump material is bonded to conductive layer 180 using

pilla%Ritdl5ettathment o it process Anforid-émBod P&ttt e lsup
platmadgrial ispraflowesy beatinghthe materiababoye its meltingpoint thfokocess .

spherical balls or bumps 184. In some applications, bumps 184 are reflowed

Condygkedid fiféto improve electrical chiitatffo ©F more lavers of Al, Cu,

Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 192a-192c is electrically connected
through conductive pillars 166a-166c, respectively, which in
turn electrically connect to conductive layer 174a-174b.

An insulating or passivation layer 194 is formed over
insulating layer 190 and conductive layer 192. The insulating
layer 194 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, photosensitive polymer dielectric resist, such as PRO,
WPR, liquid solder mask, or other low temperature cured epoxy
based dielectric resist. The insulating layer 194 is formed
using printing, spin coating, spray coating, sintering or
thermal oxidation. A portion of insulating layer 194 is removed
by an etch development process to expose conductive layer 192.

An electrically conductive layer 196a-196f is
patterned and deposited over insulating layer 194 and conductive
layer 192a-192c using electrolytic plating, electroless plating,
lamination, or other suitable metal deposition process. The

individual portions of conductive layer 196 can be electrically
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conductive layer 180. The bumps can also be compression bonded to
conductive layer 180. The height of bumps 184 is at least 100 pm. Bumps
184 represent one type of interconnect structure that can be formed over
conductive layer 180. The interconnect structure can also use bond wires,
stud bump, micro bump, or other electrical interconnect. The combination of

conductive layers 174 and 180, insulating layers 172, 176, and 182, and .
comm R e Rd e MR A ey of
the insdiatingwor bassivatiomthayer d90ds formetbovbrca seeond gige df96a-1961
capsulant 170 o ite build-up.interconn structure 186. The insulatin
can B v a0 S eor e Fngon. S EHLS
suitAb2@3 gohotosensitivey polynderaieleetricaesist,asuch d50PBO;WPR, iguidr

196259!deLmask, or 8&@?9'%‘8&%@8@&%}“EEOC‘HSQ&P&%P@S?Qﬁé%Je%i%‘?SiSt;

The insulating layer 190 is formed using printing, spin coating, spray coating,
condgifite¥ing drakiermaldddadtione Aesériion f linsyatng fHyed 190 is pardovdd by

1aye@n eichdevelopmentprocess t?&‘%@PS% spRdyclive pillars 166211666, Mk ot eq

eIectrica[Iy conductive layer 192a-192c is patterned and deposited over
to cippdlating Yayeragdrand ésnductivr dpiftarsVEs 6e2 Y66 usifig el edtrblytit? ©

operBlating.celgetraless, plating, dJaminationoanether suitable metal deposition
process. Conductive layer 192a-192c can be one or more layers of Al, Cu,

Sn, Ni, At A o biteritablecaigctitaily eondittive rhaferial. Corardivever
insuldyen $92a3-192¢ ig electrically sannested cthreygh-canductive ipillars sulating

166a-166c¢, respectively, which in turn electrically connect to conductive
layeEwéP§7££&7QB.one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, photosensitive polymer dielectric resist, such as PRO,
WPR, liquid solder mask, or other low temperature cured epoxy
based dielectric resist. The insulating layer 198 is formed
using printing, spin coating, spray coating, sintering or
thermal oxidation. A portion of insulating layer 198 is removed
by an etch development process to expose conductive layer 196.
The combination of conductive layers 192 and 196, insulating
layers 190 and 198 constitute a topside build-up interconnect
structure 200.

Semiconductor device 202 contains one or more passive
circuit elements or IPDs for RF signal processing. In one
embodiment, conductive layer 158, insulating layer 160, and
conductive layer 164b is a MIM capacitor. The MIM capacitor is
embedded in the high-resistivity encapsulant 162, which in
combination with the high-resistivity encapsulant 170 forms a
substrate for build-up interconnect structure 186. In another
embodiment, a trench capacitor can be embedded in encapsulant

162. The embedded capacitor 158-164 is thus pre-formed on
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An insulating or passivation layer 194 is formed over insulating layer 190 and
conductive layer 192. The insulating layer 194 can be one or more layers of
Si02, Si3N4, SiON, Ta205, A1203, photosensitive polymer dielectric resist,
such as PBO, WPR, liquid solder mask, or other low temperature cured
epoxy based dielectric resist. The insulating layer 194 is formed using

sem1 PG, SPIN cnating. spray.coaling, sintering.or, thermal oxidation. A portion;
ofinsula ing layer 194 1s removed by ah etc eveIfopmen process to
of bexpasesgonductive tayee 492 sAnwtectrieallycconduttive tayeb 10648-196f (st
ttern dP d depos} dovgri atin I§er19 @dc% ctive .layer
cond g s eyt Bnhe DdcASLEt platnt, Taoa e,
1 ayesuitabléo metalddepuositiopnirosess. Stheo ndividdalqsortiens et eanduttive layer

insut 22 $AY beglecirically -21 common, rielectrisally isolated depending op,the

connectivity of the individual semiconductor die: Conductive layer 196a-196f
anotémy b Bhewmeretlayerscst AUt Sanpi, A, Ag, Drothér sgikasieng -

conaglectrically oaductive matefial, Londyetive fayer . 196ayis electrically. 51

connected to conductive layer 192a, conductive layer 196c is electrically

integsisetsd tf eanditdive Laper 188h, andreoifiertive fayenad6PRsIEStHieal-
connected, 10 £RRAYstvelayer 1926, Conductive layers 3928 apd 19260 can be

operate as RDLs to extend interconnectivity. An insulating or %assivation ,
WouUn@yer 198 is ffmed gVt Ingdiating faylet 194 Shd Corftftietive fayeh 1985 FhE <4

propPsylating olayeh198 gan Hsrone PO ayeIs of Sif2a SEN4SION;ha2090 -
A1203, photosensitive polymer dielectric resist, such as PBO, WPR, liquid
18085418 kK t6rothel W tenipérature cured Bpdgy  to FIG- Sb.

Likewise, conductive layer 196b-196d constitutes another wound
inductor. Conductive layer 180c-180e is formed over encapsulant
170 a predetermined horizontal distance away from a footprint or
downward projection 204 of semiconductor die 150. The inductor
180c-180e is located at least 50 um away from the footprint of
embedded MIM capacitor 158-164 and semiconductor die 150, and
electrically connected to Conductive to the embedded MIM
capacitor 158-164 and semiconductor die 150 by way of the RDL
bridge formed by conductive layer 174b. By locating the
inductor 180c-180e away from the low resistivity semiconductor
die 150, and separated by the high-resistivity encapsulant 162
and encapsulant 170, the eddy current losses induced by the
inductor do not interfere or otherwise adversely influence the
operation of the die. In addition, since no interconnect bump
184 is formed below the inductor 180c-180e, the thickness of
conductive layer 180c-180e can be at least 100 pm for a larger
value inductor.

The IPD semiconductor device 202 provides electrical
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based dielectric resist. The insulating layer 198 is formed using printing, spin
coating, spray coating, sintering or thermal oxidation. A portion of insulating
layer 198 is removed by an etch development process to expose conductive
layer 196. The combination of conductive layers 192 and 196, insulating
layers 190 and 198 constitute a topside build-up interconnect structure 200.
Semiconductor device 202_contains one or more passive .circuit elements or
o IO RE Sl o ebstig, (r o Erabba e SR cte e 1880 °°
resomsulating |&yertl-60; and fédriductive layerd®4db i€ alMivt sapaeitar-phe MIM
11 ZRACIOLIS, emieddedl 1 the Digh-(esisivit, epcapaulant 162, wijghin
combination with the igh-resistivity encapsulant 170 forms & substrate for
netwiggilds up dmteérdomnesustagatarel 186: 4n andtiver I@Mbodmertcatienehas front-

end §ARACHOL canpe embedded in engapsylant 162 TﬁSs‘"l”E?%%f%%d FARARNOL the

158-164 is thus pre-formed on -28 semiconductor die 150 before
ant egneapsifhtioncaririefore formation L8 Pbdiltis imérconnedEsthuciirel 862 Lun,

t ran5R& £RADINALIONOf; ¢ondyctive layer 1800, insplaiing;layelcl46, andr, some

conductive layer 174b, and the combination of conductive layer 196e,
appPlingalating Jayet 194l aha conduetiverfager PU2I5 eaehform SrdtReENitRIErate,

a11oGARAsitn far additional RE signalprocessing. . Ganductivelayers 164a Ifdanns
and 180a provide electrical interconnect for additional RF or baseband signal

are YrResdifgeTREHUIanE seetioRs bt eonditveIayer 1807 Fewound or

comm&Ritegain Plan-yievptopreguce onexhibitihe desired prepeliessf akand of
inductor. For example, conductive layer 180c- 180e constitutes a wound ,
OpermeERwQénﬁaﬁuﬁﬁﬁﬁiﬁﬁnd 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.

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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Likewise, conductive layer 196b-196d constitutes another wound inductor.
Conductive layer 180c-180e is formed over encapsulant 170 a
predetermined horizontal distance away from a footprint or downward
projection 204 of semiconductor die 150. The inductor 180c-180e is located
at least 50 pm away from the footprint of embedded MIM capacitor 158-164
and semiconductor die 150, and e@fglcnallgy connected to Conductive to the
embedded MIM capacitor 158-164 and semiconductor die 150 by way of the
RDL bridge formed by conductive layer 174b. By locating the inductor
18Qc-18Qe y from the low resistivity semiconductor die 150, and
Whatselpsaré?e%lfyg\@é high-resistivity encapsulant 162 and encapsulant 170, the
eddy current losses induced by the inductor do not interfere or otherwise

1. adversely influgnce the \gperatian of fhe,die. In-aadition, SINCe.AB.-; 55 ng

interconnect bump 184 is formed below the inductor 180c-180e, the
thitkpress D Condeetive Riyer $80&-180e danvbieat leasteE0( pavioF d/larger

valye indyctar. ThedPD_semicopdyctgpdevice 202provides elactiical 129 he

characteristics needed for high frequency applications, such as resonators,
firshigharassifitters, M6wisass fietrs, bandlpassofiRest sgmhtetfié ®i-Q resonant
semitansfarpers, matching networks, and tuning capacitors. The IPDs can be
used as front- end wireless RF components, which can be positioned

bétfRRAIthéNanteRn& AfdRFahstRive? VFite IPTS ifductdr GaPBE ATHIQ BaRiN,

aroutiansfeEmee 1 etheperating up to 108 Gigahedz.1larsonme applicationsyher
.multiple baluns are formed over a same substrate, allowing multi-band

resighdratioy. Eorexdmiplel ffo- 6 mbre baluhstBfe G&8H rPA qugdWandier 2nd
mobite phgneas or other GSMrconnect structure over a first surface

of the encapsulant by,

(a) forming a first conductive layer electrically
connected to the first capacitor,

(b) forming a first insulating layer over the first
conductive layer, and

(c) forming a second conductive layer over the first
insulating layer, the second conductive layer having a portion
formed over the encapsulant a predetermined distance away from a
footprint of the semiconductor die and wound to operate as an
inductor, the portion of the second conductive layer being
electrically connected to the first capacitor by the first

conductive layer.
2. The method of claim 1, wherein the portion of the first

conductive layer wound to operate as an inductor is at least 50

micrometer away from the footprint of the semiconductor die.
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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. While one or more embodiments of the
present invention have been illustrated in detail, the skilled artisan will

3. anpreciate that modifiqations,and adaptations (o (hose ,embediments maybe
made withou epartlngafrom he scope of the prese%t invention as setforth
inclimdbe following claims. -30 Claims What is claimed: 1. A method of making a

s%rggglggggctgrgg\l/ig%, g%qqg{ligipgrvgrg\gdigg .a semiconductor die having a
resistivity;” forming a Tirst capacitor over the semiconductor die, the first
cdpaciton eingsalectridaliyrconrrectedtol thee semiconductor die; ik positiigc t 1 ve
layedl engapsulant over the first capacitor and around the semiconductor die,
the encapsulant having a higher resistivity than the resistivity of the
sémicohddctor iviapd feanihgat first interconnestsstrucisressved acfirst
in Su§lér{qqgg of gl/eegr]capsulant by, (a) forming a first conductive layer electrically
connected to the first capacitor, (b) forming a first insulating layer over the
first conductive layer, and (c) forming a second conductive layer over the first

4. insylatingdayss, the second condugtive,layer having aRorti8Pming a second

capacitor in the first interconnect structure.

5. The method of claim 1, further including forming a second
interconnect structure over a second surface of the encapsulant

opposite the first interconnect structure.

6. The method of claim 5, further including forming a
conductive pillar within the encapsulant between the first and

second interconnect structures.

7. The method of claim 1, further including forming an

insulating layer around the conductive pillar.

8. A method of making a semiconductor device, comprising:
providing a semiconductor die;
forming a first capacitor over the semiconductor die;
depositing an encapsulant over the first capacitor and
around the semiconductor die;
forming a first conductive layer over a first surface of

the encapsulant;
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formed over the encapsulant a predetermined distance away from a footprint
of the semiconductor die and wound to operate as an inductor, the portion of
the second conductive layer being electrically connected to the first capacitor
by the first conductive layer. 2. The method of claim 1, wherein the portion of
the first conductive layer wound to operate as an inductor is at least 50

mjcrometer aw%y.if:rg tlhe fogtﬂi{\t of @e semicondu%tgredig. -313. T

h .
method ofcl&im , W erer}rslltlormlna?he ﬁr\é?]éagggfor includes® orr%?rrllg%gcuve

layethirdagohductive layer; forming a second insulating layer over the third

canductive layer; ormi ourth conductive layer pver.the secon .
in%%éﬁﬁé%aygergi. 1%%3{ mce?ﬁ((?&a%%él\é%%? uerfheor\i]r%)llu ﬁ% fgrlrﬁi% alggéloln%tmg
layeegapdditer iretherfitscintatoontriect skraigtre 'S Viheymethrod- dficlaint 41 fugther

prealDEluding forming.a secand ntereonnect sruglure puer a second surface of

the encapsulant opposite the first interconnect structure. 6. The method of
semiglaia 6¢ iiithed scladidg Yormiflg ee conguctive pifarnithindhe epcapsdlant

por tREMeSH t@ﬁéirgeaé%ée%%%ﬁg%@{?@”?%&%W%@?ﬁg%ﬁ@’c&e}'&%@ pf,claim

1, further including forming an insulating layer around the conductive pillar.
conngcAeRethd ot tdldig b serfledTduclsr déwes, comprising: providing a
semiconductor die; forming a first capacitor over the semiconductor die;

9. The method of claim 8, wherein the portion of the first
conductive layer wound to operate as an inductor is at least 50

micrometer away from the footprint of the semiconductor die.

10. The method of claim 8, wherein forming the first capacitor
includes:

forming a third conductive layer;

forming a second insulating layer over the third conductive
layer; and

forming a fourth conductive layer over the second

insulating layer.

11. The method of claim 8, further including forming a second
capacitor with the first conductive layer, first insulating

layer, and second conductive layer.

12. The method of claim 8, further including:
forming an interconnect structure over a second surface of
the encapsulant opposite the first conductive layer; and

forming a conductive pillar within the encapsulant.
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depositing an encapsulant over the first capacitor and around the
semiconductor die; forming a first conductive layer over a first surface of the
encapsulant; -32 forming a first insulating layer over the first conductive
layer; and forming a second conductive layer over the first insulating layer,
the second conductive layer having a portion formed a predetermined

13, disjance auoy.from afootprint of the semicopductar disandwoupd 1o, 1; gy,
opérate as an indUct6r; the pdrtion of the second conductive ayer %emg
resielectrically tdommeatedetoithe fivsttcondactiveslayemni9: dinéunethodddfeclaim 8,
wherein the portion of the first conductive layer wound to operate as an
inductor is at least 50 micrometer away from the footprint of the

14. sémicohdactor tienakl.lthemethod-ohclaint 8r wierein fornsingthre fifstg :
c%qaoc\;t% ii%Iugegef%rgi&g&ggrgrc%dggtive layer; forming a second
insulating layer over the third conductive layer; and forming a fourth
cductiveg |ayetaiver tHeosecorrlr insutatiprilagen dacths nethod of claim 8,

fugther including forming aseeend: capacito M’éthéQIB dirstcopdyctive layeha the

first insulating " layer, and Second conductive layer. 12. The method of claim
semigoRyAther ielutisy: f8ffling an interconnect structure over a second surface

oft the@nReARSURBN OPPOSie the, first cenductivedayer; 80dr a first surface
of the encapsulant, the first interconnect structure including
an inductor formed a predetermined distance away from a

footprint of the semiconductor die.

15. The method of claim 14, wherein forming the first
interconnect structure includes:

forming a first conductive layer over the first surface of
the encapsulant;

forming a first insulating layer over the first conductive
layer; and

forming a second conductive layer over the first insulating
layer, the second conductive layer having a portion formed a
predetermined distance away from the footprint of the

semiconductor die and wound to operate as the inductor.
16. The method of claim 15, wherein the portion of the second

conductive layer is electrically connected to the capacitor by

the first conductive layer.
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forming a conductive pillar within the encapsulant. -33 13. The method of

claim 8, wherein the encapsulant has a higher resistivity than a resistivity of

the semiconductor die. 14. A method of making a semiconductor device,

comprising: providing a semiconductor die; forming a capacitor over the

semiconductor die; depositing an encapsulant over the capacitor and around

the, seicanductor dis: and fprming a fist interconnect.siryture over a-frst

surface of the encapsu?anr?, the"firSt interconnect structure mc?udmg an

condinductor farmeda predetetminedadistance away fiomac feotprist eftthéeast 50

ni cr3fRicopductor die. 4. The method of glaim 14, yherein forming the first
interconnect structure includes: orming a first conductive layer over the first
surface of the encapsulant; forming a first insulating layer over the first

19. canductive,layer; and forming 2 second.conductiye layer over the first
insulating layer, the second conductive layer having a portion formed a

inclprégletermined distance away from the footprint of the semiconductor die and
weund 1o gperate as the inductar; 16. The method of claim 15, wherein the
portion of the second conductive layer is electrically connected to the
cappacior By athesirstcbntuetive fayes. -BavEE Theshethtrl éfitldith gonductive

1ayeWhersig the portion of the first conductive layer wound to operate as an

inductor is at least 50
forming a fourth conductive layer over the second

17.

insulating layer.

19. The method of claim 14, further including:

forming a second interconnect structure over a second
surface of the encapsulant opposite the first interconnect
structure; and

forming a conductive pillar within the encapsulant between

the first and second interconnect structures.

20. The method of claim 14, wherein the encapsulant has a

higher resistivity than a resistivity of the semiconductor die.

21. A semiconductor device, comprising:

a semiconductor die;

a capacitor formed over the semiconductor die;

an encapsulant deposited over the capacitor and around the
semiconductor die; and

a first interconnect structure formed over a first surface

of the encapsulant, the first interconnect structure including
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micrometer away from the semiconductor die. 18. The method of claim 14,
wherein forming the capacitor includes: forming a third conductive layer;
forming a second insulating layer over the third conductive layer; and
forming a fourth conductive layer over the second insulating layer. 19. The
method of claim 14, further including: forming a second interconnect structure

.over a secaond surface of the encapsulant site the first interconnect
an e B e Sl Bndoon the
footfirst and sécame ierconnectstiucturése20. The method of claim 14, wherein
the encapsulant has a higher resistivity than a resistivity of the
semiconductor die. 21. A semiconductor device, comprising: a

22 . séihiconductor dib) atcapatitui formet over tive gémiconeluetor didtaant 1rst
int eglg%ar%&aptggpggfq%(}qurntg?&@gggitor and around the semiconductor die;

and a first interconnect structure formed over a first surface of the
ercapsofdnt credirsttintercomiet sfractirel irthading a5 ipdustor farpsed £
the &Rredatgrmined distance away from a footprint of the semiconductor die. 22.
The semiconductor device of claim 21, wherein the first interconnect
sttuctiiieSihciides:la fitst Condiietive RyBLOrredover the filst sufagslortive

layer; and

a second conductive layer formed over the first insulating
layer, the second conductive layer having a portion formed a
predetermined distance away from the footprint of the
semiconductor die and wound to operate as the inductor, the
portion of the second conductive layer being electrically

connected to the first capacitor by the first conductive layer.

23. The semiconductor device of claim 21, wherein the portion
of the first conductive layer wound to operate as an inductor is
at least 50 micrometer away from the footprint of the

semiconductor die.

24. The semiconductor device of claim 21, wherein the first
capacitor includes:

forming a third conductive layer;

forming a second insulating layer over the third conductive
layer; and

forming a fourth conductive layer over the second

insulating layer.
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25.

the

the

the encapsulant; a first insulating layer formed over the first conductive layer;
and a second conductive layer formed over the first insulating layer, the
second conductive layer having a portion formed a predetermined distance
away from the footprint of the semiconductor die and wound to operate as

the inductor, the portion of the second conductive layer being electrically
cqnnected to.the first capacitor by the. first copdudtive layer, 23 They oo .
semiconductor device of claim 21, wherein the porfion 0 ﬁe first' conduct
layeswound to nperate mscartinductor is1at least 50amiceameter awalysfremo £
{he-foginrint of the, semicondyelordie 24. e semicondyelor devicof , ong
clam21, w erein the first capacitor includes: forming a third conductive

lagrer; Joming iavse aohtlinsulatimg ey ev over thetthird condpetivien ttdy dpcame e n
forming a fourth. conductive layer, gyer the. second, insulating layer. -36 25.

The semiconductor device of claim 21, further including: a second
interconnect structure over a second surface of the encapsulant opposite the
first interconnect structure; and a conductive pillar formed within the
encapsulant between the first and second interconnect structures. -37
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