SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTEGRATED PASSIVE DEVICE OVER
SEMICONDUCTOR DIE WITH CONDUCTIVE BRIDGE AND FAN-OUT REDISTRIBUTION LAYER 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 over and

electrically connected to a semiconductor die with a conductive brldge and fan-out redistribution layer.
SEMICONDUCTOR DEVICE AND METHOD OF FORMING INTEGRATED PASSIVE

DEVICE OVER SEMICONDUCTOR DIE WITH CONDUCTIVE BRIDGE
AND FAN-OUT REDISTRIBUTION LAYER

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 over
and electrically connected to a semiconductor die with a

conductive bridge and fan-out redistribution layer.
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



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%\lri'ﬁcﬁ‘%n@@?&nples of integrated semiconductor devices include microcontrollers,
microprocessors, chargegrcoupled devices{as), selar selts, angidigitalanigeo-grirror devices (DMDs).
Semiconductor devices perform a wide range of functions such as signal processing, high-speed
calculations” tranSmittind Ghd Fecéivingeledtrsifggiett sighald"controifihg erbctofic ddvites,
transforming senlight 16 ¢legtricitye and cieafing vsual fprajectionsfas telexision displays.1Semiconductor
devices are found in.the fields of entertainment, communications, power, conversion, networks,

computers, Bhd CORsTmer prodiitts. SehicoRGUdae dgvid $9PEa R found it Mt applidations,
aviation, automative, industrial gootrelterspand officetequipmentn 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 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 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



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 manipulate and control the conductivity of the semiconductor device. A

semiconductor device contains active and passive electrical structures. Active structures, including bipolar
and field effectrARsiSHdrS Tonira Fthetou? oPElREf A SurréntS By vayiRG T&&ts of doping and
applicatiomef.an eleetriciigld o Hape eurent; the Hransistal-either peerpatesardestrists the flow of
electrical current. Passive structures, including resistors, capacitors, and inductors, create a relationship
between RBitage aAd tUrRRPAEEE SRS tPhERSm alVariRly 61 &leBRtaIfaREHoNS. The assieand active
structures laee electtically coaneeted 1a farm eifcuits, avhiclbanable the semieongtictor device to perform
high-speed calculations and ot%er useful functions, Semiconductar. devices are, generally manufactured
using twd E8MpRXMGnfac#ing procésse ,fST*&%&Haqﬁﬁné%tuﬁﬁg%ﬁ& %%ri -end manufacturing,
each invaldiag tpoteritiadly hundnedsi ofssteps.derontend manufagtusing dnvalvesl the formation of a plurality
of die on the surf%ce of a semiconductor wafer. Each SemiCOQdUCtOJédi%(@ txpically identical and contains
circuits focr(rjnréréiet():y élré%trﬁ:%ﬁfé%nﬁélc ir%aascstﬁ/‘éean%pbngsosril\?encosmpongr%:ts. Back-end manufacturing
involves siagulating undividuahsemicendudtog diesframdhe finisheduweafes and packaging thel dee to provide
structuralfgﬁu&rg)o&aem%eg\{ir%nerge%ghiesglaatliog. TQe]E%rrq "se ig(e)ngg%to][vgie" 95\7“15&3 herein r_efers to
both the singular and pjluraf orm of the words, Ad accord gly can refer to both a single semiconductor
device ard muitiple sémicoreuctoradeVicesvironmental isolation. The term

“semiconductor die” as used herein refers to both the singular
and plural form of the words, and accordingly can refer to both
a single semiconductor device and multiple semiconductor
devices.

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by
improvements in the front-end process resulting in semiconductor
die with smaller, higher density active and passive components.
Back—-end processes may result in semiconductor device packages
with a smaller footprint by improvements in electrical
interconnection and packaging materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. In
high frequency applications, such as radio frequency (RF)

wireless communications, integrated passive devices (IPDs) are



One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. A smaller semiconductor die size can be achieved by improvements in the front-end process
resulting in semiconductor die with smaller, higher density active and passive components. Back-end
processeSThay réUltiA Serticsiddttor détice pRcRIESARtP A shTalfer footphrteBPihTsro¥éments in
electricaliptesconnectior andackaging rmatssials ors, aAdothergoad ok semicongyetos manpufacturing
is to produce higher performance semiconductor devices. Increases in device performance can be
accompliSKEd BY fGmHHG Befiva CompPBhents it are Q3lsabte of Bpératiiy &t higher Speeds. In high
frequency apphcaiionsosueh as radie Hkequeney (R ) wireless copynulicatens irtegrated passive
devices (IPDs) are often contained within the semiconductor device. Examples of IPDs include resistors,
capacitora®§Ad ductord" Aty SIdARE Sy Stert réquires MaNpETPOERGE 6 Moré §&8miconductor
packages tospeffarinihe necessasselesttical functions.ddewever; highrffequency el@ctrigala-devices
generateroa{ re s s%%@rl:gbrllec to lfn%eeg_jrfegrglegtéom 9§tic m&rfeoregge C(Elg/ltl)oanc:lL (r)andio (f)requency
interference (JRﬂil harmonic’distortion, or other irﬁn er-device interference, such as ca(pacﬁive, inductive, or
conductive-teupling} alsedaronsras ortossialke which carcinterfereapitivtheineperatomctive, Ina

conventional fan-gut \éljz,:lfer level chip scale Pg_ﬁk%%eO&Fo-WLCSP SIEEsla}ge commanly formed externally

to semiconductor die within the Fo-WEPESP. The procgssagf f%rrr%mg IPDs éxternlaﬂy to semiconductor die,

however icdraes a@grﬂﬁicténttm@mﬂa@mﬁngm_b@t} particula_lrly for high current applications. Additionally,
the process of forming JEDs exterpally to semicendugtor die isrong ta causg some degree of

misalignment, which can degrade the quality and reliability of the IPDs, particularly when the IPDs are
formed overcsadivonBactdrdigband alsbseparateRrdwingysilsseneentetormation bf rédistribution layers

(RDLs). Rurthermose Jeakagg currentpetween IBDs;andselectrigally conductive RDLs can: occur,

particularly in high current applications, which reduces the reliability and functionality of the
semiconduttér packageally to semiconductor die, however, carries a

significant manufacturing cost, particularly for high current
applications. Additionally, the process of forming IPDs
externally to semiconductor die is prone to cause some degree of
misalignment, which can degrade the quality and reliability of
the IPDs, particularly when the IPDs are formed over
semiconductor die and also separately during subsequent
formation of redistribution layers (RDLs). Furthermore, leakage
current between IPDs and electrically conductive RDLs can occur,
particularly in high current applications, which reduces the

reliability and functionality of the semiconductor package.
Summary of the Invention

A need exists to produce a reliable and cost-effective
semiconductor package with aligned IPDs formed externally to a
semiconductor die and low leakage current. Accordingly, in one

embodiment, the present invention is a method of making a



Summary of the Invention A need exists to produce a reliable and cost-effective semiconductor
package with aligned IPDs formed externally to a semiconductor die and low leakage current.
Accordingly, in one embodiment, the present invention is a method of making a semiconductor device
comprising the steps of providing a first semiconductor die, forming a first inductor over the first
semiconductor die, forming a second inductor over the first inductor and aligned with the first inductor,
forming atFMsSGIRATIAYG Fayer oVer teSfirsPemicondticlor dic aRE thefirst AR $&eBAd nductors, and
forming aseendustive bridge over thesingulading layer andielactrieally eanrnecied betwean the second
inductor and the first semiconductor die. In another embodiment, the present invention is a
method of THEKIRG AEemMEofidictor G&Vi¢E BofpPising e St 5 5robitfitg &%itst'senfitonductor die,
forming ai first: indvietar aves thiestirst semiconeetor thie; antHietving-a secend inglugtor over the first
inductor and aligned with the first inductor. _ . In angther embodiment, the present invention is a
method of MAKIRG X SbrigaRauGISF deiBE BB EinG T SIARL 67 Sroviihy &t SemmiEdAdUctor die,
forming aapldrality ohintegrated-passiveadevices (IPDs) avepthe first semiconhdueton die; farming an

msulatlngilag/grig\éer the first semlrclzgndltictor die and the IPDs aggtég rgl %eae%oQ%uctlve brldge over the

insulating féyer and ré?ecjtﬁélﬁlg/ cOhhected between the TS %cn irst semiconductor die.

inductor and the first semiconductor die.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die, forming a first inductor
over the first semiconductor die, and forming a second inductor
over the first inductor and aligned with the first inductor.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor die, forming a plurality of
integrated passive devices (IPDs) over the first semiconductor
die, forming an insulating layer over the first semiconductor
die and the IPDs, and forming a conductive bridge over the
insulating layer and electrically connected between the IPDs and
the first semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a first semiconductor die. A
first inductor is formed over the first semiconductor die. A
second inductor is formed over the first inductor and aligned
with the first inductor. An insulating layer is formed over the
first semiconductor die and the first and second inductors. A
conductive bridge is formed over the insulating layer and
electrically connected between the second inductor and the first

semiconductor die.



In another embodiment, the present invention is a semiconductor device comprising a first semiconductor
die. A first inductor is formed over the first semiconductor die. A second inductor is formed over the first
inductor and aligned with the first inductor. An insulating layer is formed over the first semiconductor die
and the first and second inductors. A conductive bridge is formed over the insulating layer and electrically
connected between the second inductor and the first semiconductor die. Brief Description of the

Drawings FIG. 1 ilusf?&s S DR HRtRBo2 BePRAN tifFent types of packages

mounted to its surface; FIGs. 2a-2c illustrate further detail of the

FIG. 1 illustrates a printed circuit board (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-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by a saw street;

FIGs. 4a-41 illustrate a process of forming IPDs over
a semiconductor die;

FIGs. 5a-51 illustrate a process of forming a
conductive bridge and a fan out redistribution layer over
semiconductor die and IPDs;

FIG. 6 illustrates a semiconductor package with a
conductive bridge and a fan out redistribution layer formed over
semiconductor die and top and bottom inductor wings;

FIG. 7 illustrates a semiconductor package with a
conductive bridge and a redistribution layer formed over IPDs
with a top inductor wing directly connected to a capacitor;

FIGs. 8a-8c illustrate a process of forming IPDs over
a semiconductor die with a single inductor;

FIGs. 9a-9i illustrate a process of forming a
conductive bridge and a fan out RDL over semiconductor die with
a single inductor;

FIG. 10 illustrates a semiconductor package with a
conductive bridge and a fan out RDL over semiconductor die and a
single inductor;

FIGs. 1lla-11b illustrate a process of forming a
temporary planarization layer over an IPD and a semiconductor
die;

FIGs. 12a-12h illustrate a process of forming a Fo-



representative semiconductor packages mounted to the PCB; FIGs. 3a-3c illustrate a semiconductor
wafer with a plurality of semiconductor die separated by a saw street; FIGs. 4a-41 illustrate a process of
forming IPDs over a semiconductor die; FIGs. 5a-51 illustrate a process of forming a conductive
bridge and a fan out redistribution layer over semiconductor die and IPDs;

WLCSP with a conductive bridge and an RDL formed over IPDs and
semiconductor die with a vertical offset; and
FIG. 13 illustrates a semiconductor package with a

vertical offset between semiconductor die.

Detailed Description of the Drawings

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

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

Passive and active components are formed over the

surface of the semiconductor wafer by a series of process steps



FIG. 6 illustrates a semiconductor package with a conductive bridge and a fan out redistribution layer

formed over semiconductor die and top and bottom inductor wings; FIG. 7 illustrates a
semiconductor package with a conductive bridge and a redistribution layer formed over IPDs with a top
Inductor wing directly connected to a capacitor; FIGs. 8a-8c illustrate a process of forming IPDs
over a semiconductor die with a single inductor; FIGs. 9a-91 illustrate a process of forming a

conductive'bridge 8Ad AFanut REPGierseticoRdactor die Wit akdingle fidittsrdr 2?4 FIG. 10
illustratepa seaHeRRAUCIRr . package vythi a copducive briggerand adan gubRBPAeover semiconductor die

and a single inductor; , , . . .
Semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition can involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. Each 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. In
one embodiment, the portion of the photoresist pattern subjected
to light is removed using a solvent, exposing portions of the
underlying layer to be patterned. In another embodiment, the
portion of the photoresist pattern not subjected to light, i.e.,
the negative photoresist, is removed using a solvent, exposing

portions of the underlying layer to be patterned. The remainder



FIGs. lla-llb illustrate a process of forming a temporary planarization layer over an IPD and a
semiconductor die; FIGs. 12a-12h illustrate a process of forming a Fo- WLCSP with a conductive bridge
and an RDL formed over IPDs and semiconductor die with a vertical offset; and FIG. 13 illustrates
a semiconductor package with a vertical offset between semiconductor die.

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 techniques such as
electroless and electrolytic plating.

Patterning is the basic operation by which portions of
the top layers on the semiconductor wafer surface are removed.
Portions of the semiconductor wafer can be removed using
photolithography, photomasking, masking, oxide or metal removal,
photography and stenciling, and microlithography.
Photolithography includes forming a pattern in reticles or a
photomask and transferring the pattern into the surface layers
of the semiconductor wafer. Photolithography forms the
horizontal dimensions of active and passive components on the
surface of the semiconductor wafer in a two-step process.

First, the pattern on the reticle or masks is transferred into a
layer of photoresist. Photoresist is a light-sensitive material
that undergoes changes in structure and properties when exposed
to light. The process of changing the structure and properties
of the photoresist occurs as either negative—-acting photoresist
or positive-—-acting photoresist. Second, the photoresist layer
is transferred into the wafer surface. The transfer occurs when
etching removes the portion of the top layers of semiconductor
wafer not covered by the photoresist. The chemistry of
photoresists is such that the photoresist remains substantially
intact and resists removal by chemical etching solutions while
the portion of the top layers of the semiconductor wafer not
covered by the photoresist is removed. The process of forming,
exposing, and removing the photoresist, as well as the process
of removing a portion of the semiconductor wafer can be modified

according to the particular resist used and the desired results.



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 appehdedI&ms and heirequaénts s sipportdd Wy thesofidwihg disclosure and

drawingse xpo s ed Semigarguctanrdevicescarergpneralhomanuiastuneddisinghtna eemptex manufacturing
processes: front-end manufacturing and back-end manufacturing. Front-end, manufacturing involves the

formation-8F4 plifrafty O BfE-or tie durfacd o4 Semiddndtittot water- Exch dia 'ohthe wafRr contains
active anfqpagsiveielaetiical, campenenis\whieh afe etacthcally connpeteddodorm funciionabelectrical

circuits. Active electrical compopents, such as_transistors and d o,des,gave the abigty o control the flow
of electricl ShAbnt PSR DIRCI e EETBoRSHE SUCH 22 Capdiiors (RGBS Fediors, and
transformershcreatei a relationship betwee meoltagerand edrrentsnecassapotoyperfarmeelectrical circuit
functions. assive andRactive .compcq{}eenésoi%%ffrmed aver the %rf%c.e Oﬁ:tktl]g semiconductor

p 14

wafer by%osl&féssocgﬁggesss steps © 19 © portions
portions not exposed to light) with chemical solvents or
developers leaves a hole in the resist layer that corresponds to
the opaque pattern on the reticle. A mask whose pattern exists
in the opagque regions is called a clear-field mask.

In positive—acting photoresists, photoresist is
exposed to light and is changed from relatively nonsoluble
condition to much more soluble condition in a process known as
photosolubilization. In photosolubilization, the relatively
insoluble resist is exposed to the proper light energy and is
converted to a more soluble state. The photosolubilized part of
the resist can be removed by a solvent in the development
process. The basic positive photoresist polymer is the phenol-
formaldehyde polymer, also called the phenol-formaldehyde
novolak resin. Removing the soluble portions (i.e., the
portions exposed to light) with chemical solvents or developers
leaves a hole in the resist layer that corresponds to the
transparent pattern on the reticle. A mask whose pattern exists
in the transparent regions is called a dark-field mask.

After removal of the top portion of the semiconductor
wafer not covered by the photoresist, 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 techniques such as

-10-



Including doping, deposition, photolithography, etching, and planarization. Doping Introduces impurities
into the semiconductor material by techniques such as ion implantation or thermal diffusion. The doping
process modifies the electrical conductivity of semiconductor material in active devices, transforming the
semiconductor material into an Insulator, conductor, or dynamically changing the semiconductor material
conductivitg in response to an electric field or base current. Transistors contain regions of varying types

and degr8é§ of 46piRY arfdiyet & hesshiF tdPdidblé e transistor to promote or restrict the flow of

electrical current upon the applicationof the glectricfield arbase cutrester an Activeiang passive
components are formed by layers of materials with different electrical properties. The layers can be
formed by AVar ety 6FHefOSHAT EEhRiqUes dEtEmingd ¥ pBR BYThE t9pE of friaterfal Belti deposited.
For example, fbindilin depasitian-canr:mvolve chenficatiapof teposition €Y D) s physicalapot deposition
(PVD), electralytic plating, and electroless plating process s.?{zach layer is generally. patterned to form
Oaggeco O%E%st,aﬁé%sw “comp Se%jt)é’, éjraeﬁggt cfi‘lcctojh%a%cﬁ(Sl s betweeh"components.

portions &f ac
The layersceatvbe patiernerllusing phatolithography, avhicle thvioly esdhede position iof light-sensitive

material, €.9., photoresist, over the layer to be patterned. A pattern.is transferred from a photomask to the
phorores e EMOTORE dn e EiRb S St e BT oF (i SHOKGIoShy hatdat sE Lo ght s

removedRisingpa Solvent rexposing\postipns oktherundenlyingulayercto loe patierned s bramather a

embodimegi, ltg% Portionagf.thepphot resist pattern not.stuect%d o quht L.e., th n%%_at(iayf %hroetoresist, is

t : 51ve
removed%smg a sgﬁle%t, exposfﬁgaporfﬁgﬁs of the uenrdlearllylnagnlayer fo be pl)gtter%e%l. he remainder of the

photores'@d@ﬁén’f@e@b%a‘sf/@ngfb@lﬁndfé r_tétﬁarwed ﬂy@m&mgﬁ@ély,smme typeTSth materials are
patterned.by dirgctly denesiting.the maferil inio the aregs arvaids formed by a previous depgsition/etch

process using techniques such as electroless and electrolytic plating.
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 semiconductor
die and then packaging the semiconductor die for structural
support and environmental isolation. To singulate the
semiconductor 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 semiconductor 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.
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Patterning is the basic operation by which portions of the top layers on the semiconductor wafer surface
are removed. Portions of the semiconductor wafer can be removed using photolithography,
photomasking, masking, oxide or metal removal, photography and stenciling, and microlithography.
Photolithography includes forming a pattern in reticles or a photomask and transferring the pattern into
the surface layers of the semiconductor wafer. Photolithography forms the horizontal dimensions of active

and passive componenits dn the ‘stitaeEs ™ot tre sErhiconttitior wWHiErinGa tWo-SEp procesSFiRt, the

pattern opdhe reticle orprasksds transferyedintpia layer pf phetoiesisto Phetaresishigiaclight-sensitive
material that undergoes chan%es in structure and properties when exposed to Ii\%}t. The process of

changing A& SHRtUrE AHUHOpBRies ot 1T bhoforesistd&uirs 38 kith8F HeG&tivela&itly priotEresist or
positive-aatiwgtahatoresist Secantt the: photosesisijayerds transtertedsinte theswafer surface. The
transfer occurs when etching removes the portion of the top E ers of semiconductor wafer not covered by
the phototesist, %%uc%te isfr of pHGOresSISRIS %ﬂ]gﬁtﬁ:ﬂ thé photiradistiehTains sag&antially intact and
resists residvat by chemjeal eteHing solutions witilerthe poktiareaf thedop tayets ohthersemiconductor
wafer not cq:vereq: bx StheS pQ(I)tor(ﬁist ig rrgrtnoi\jlgd. The process of forming, exposing, and removing the
photoresns?, aswel as Gife procless%? remO\l/mg'a portion of the semiconductor wafer can be modified
according to the partictlae resistrusedcandithe desiredrebeltss st and-hnlnegativesacting ghotoresists,
photoresil%iGSSe@g)ese?et%Jigghgql%jtsocrg%r:%g%eﬁ%féorg atséolublgfcondition to an Insoluble condition in a

S ? orm one, or more .
process known as polymerization. In'p tion, unp% ymerized material I1s exposed to a light or

energy s@dmefanijqad_lyrﬁers;toim cros@trﬁ@damateﬁéymg@ 1§gbhqesistmmh%o§t0r1@gauive re_sists,
the polymers are polyisopremes. Removing the saluble portions (i.e., g portions; not,exposed to light)

with chemical solvents or developers leaves a hole’in the resist layer that corresponds to the opaque
pattern ofighié ¢etiche. A atagkavivgsetpatfera esdsts in- the oL repiorsas hlldd aidledr-field mask.

In positive:acting photoresists, pltptoresist is;exposed te light @ndis, changed;fram selatively nonsoluble

condition to much more soluble condition in a process known as photosolubilization. In
photosolGsiliFativhe tHel fatatiel: Fsolubld Fesistas expaosed plthetproperlight ehergynd & converted to

a more spluble sfate. The-phalosolubilieqsd PRrtf tae Fesist carbe removed by a.solyent in the
development process. The basic positive photoresist polymer is the phenol-formaldehyde polymer, also
called th@pRERSIFOAAalRRFdE RBvolaRk Tesif. RBAVIRFthe Sdulsle PoRioH<E.e., théPortions exposed

to light) withrchesnigal-selvents of developers heavesa hole-ithe resistlayer thatserresponds to the

transparent pattern on the reticle. A mask whose pattern exists in the transparent regions is called a
daﬂeﬁeh%ﬁ@%&catlon specific integrated circuits (ASIC), logic circuits,

analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. Miniaturization and
weight reduction are essential for these products to be accepted
by the market. The distance between semiconductor devices must
be decreased to achieve higher density.

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

each of the semiconductor packages, mounted components, and
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After removal of the top portion of the semiconductor wafer not covered by the photoresist, 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 techniques such as electroless and electrolytic plating. Depositing a thin film of
material over an existing pattern can exaggerate the underlying pattern and create a non-uniformly flat

surface. RUNTOIRAK Tt SHatd i Ry URelRE Pradice smaéi=and hote 8enBely packed 3kfive and

passive comapenenis.Plaparizationsan be used to remeve material fram the suface: atthe wafer and
produce a uniformly flat surface. Planarization involves polishing the surface of the wafer with a polishing

pad. An abrasive matefidl &7 GoffBS0E tHERICH afe 20Ued 18 HESGadsdithe Warér Blifing polishing.
The combinedanechanieatarton of thesabrasivelandheorsosivie action: ot therchemicalremoves any
irregular togo raprgﬁy, ﬁsultin%in uniformlg fIJz}t/surface. , Back-end manufacturing refers to
cutting Otmsﬁgﬁﬁﬁ § the fifisHed Waférints the'individial s8Ridohaulioh dic Bt thér pacikadifg the
semiconductandie forstiuatarat suppert and sswiroadmestad isqlatidre Jimsingulatel thessemiconductor die,
the wafer is sglored alﬂ brokeg z(aelgn% nonfu%_ILional regiqrgls of tr%%gvafertcalledéa streets or scribes. The

wafer is ﬁﬁgcu g{éldct?smﬁ/ atasercu tll‘il:d: {00l or Law blade. After smgujléltlc?nr,?ﬁe ndividaar seniconductor

die are mountécetcPapackage substratertiratdncladés pins eragointactgadsdor mdercornection with other
system ¢ onents, Cantact Pad f?rmeq over Epe s.emicogductor gie are then connected to contact
pads With8|rI11 the pggl?acgce. The eﬁgcgtricglvceonn%%’ﬁorijs(:jI car bé made Svitﬁ scc{)J[(?erleumps, stud bumps,
conductivecpaste Lopwirgbends. Areencapstlant onotheraroldingemateriat ¢s dépodited -over the package

to provide physical support %@ldeeba&g{ggg'go!)aj;io[llﬂ}gg@gsgfgrpacgggg}%ﬁh%igggrtg} into an electrical
system and the functionality of the semiconductor device is made available to the other system
Componeﬁk¥5t level packaging, including bond wire package 56 and

flipchip 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, guad 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. 1In
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 less expensive components and a streamlined
manufacturing process. The resulting devices are less likely to

fail and less expensive to manufacture resulting in a lower cost
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FIG. 1 lllustrates electronic device 50 having a chip carrier substrate or PCB 52 with a plurality of
semiconductor packages mounted on its surface. Electronic device 50 can have one type of
semiconductor package, or multiple types of semiconductor packages, depending on the application. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electronic device 50 can be a stand-alone system that uses the semiconductor packages to perform one
or more l8EtricaNfEINEESTS: Alternatively, electronic device 50 can be a subcomponent of a larger system.

For example, electronie device 20 -can be partafancaliar phone: permonabdigiatassistant (PDA), digital
video camera (DVC), or other electronic communication device. Alternatively, electronic device 50 can be

a graphids'card 2Aetibtk filtEAAES c4ry” bF Sthet Sighiat pPdcddsing’Card HA G B8 Ifsertetfinto a

computers dhesetdiconductan packageneanieldenmicrapresesser s omesaries; applicaiivnispecific
integrated circuits A%elcg,, Io((?ic,circuits, 1nal%)\% cir&uits, RF gircuits discrete devices, or other
semicondtctor'did ot eléctfical Cofnpdhentd Mihfatufizatdontand” W%leg‘ﬁf?éedgLIct'r%ﬁsa?é‘é%sential for these
products de be @ese pteshyuthieimarkety Ehes distanteddetiveensemitanduciorrdeviees mushbe decreased

to achieve higher deanggy. In FIG. JlfCB 5gé)rovides a g?e eral subgtrate or structural support

he e re electric interconnect &1ac or o th .
and electrical Intérconnect of the Semiconductor packages mounted on the PR’ Conductive signal traces

54 are formed overa sudface @n within: layersief. PCBG2 asiagrelvapotdiion: électrolyticgotating, electroless

plating, sieen printing. of ther suitable metal degosiign process, Signal races. 34 provids for electrica
communication between each of the semiconductor packages, mounted components, and other external
system componentss Traces 54 hkso provide ipoveeraamehgrouhd condestidrisito édeh efthe wemiconductor

paCkage%egion of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy or epoxy resin. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
80 and bond wires 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 semiconductor die 74 or bond wires 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. Bond
wires 94 provide first level packaging interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and bond wires 94 to provide

physical support and electrical isolation for the device.
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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 typBs-GfFirstigdel pdtkaging, fithiiRfifg BBRA Wirepadidge 56" ahd Ripthids8, sre%hown on PCB
52. Additipnaliyiseveralitypesiebseconddevelpackaginga icluding balk grid Byrayd BGA)Gpump chip
carrier (BCC) 62, dual in-line package (DIP) 64, land grid array (LGA) 66, multi-chip module (MOM) 68,

quad flat Fonfested Fackage {ORN) 7D, BAdRURETHE: patkage 73 are SHIW ounRtétforl PCB 52.

Depending upen he: systamirequisamentss @any comhinationnof-sericanduetory paskages] configured with
any combination oéférst and sec%r}d level acka%gér%g g{t’%/les as well %other electronic com nents, can
be connect&t fo°PCB 83! 1h Son embodifants Celetironit Yelis incitidds WHihgfe attashad
semicondictarfpatkage2whilel othertemhodinents ozll fof nraltplednterconnected packages. By

combining one or morelgerphcgndblgtoggackac%es over a}:si&lgle %ugbs_;ErateI:d m%rétéfgcgjrers can irrlmorporate

emlconduc ? § S, mou a%e om
pre-made components into électronit devices and sysiems. because the semiconductor packages

include sophisticatedddrictionatityy electrohitodevices earf be medniufactureceuging desslexpensive
componentsc ggd a streanzllicrked manufacturi O%rog%sss.eTh&rgggEiggodrevéclees %ri;: I(%%sn g‘éel}’u Io fail and
IGs. 2a-

a ing. 1ve reglon
less expgnswe mgnufacture resultn?g In a lower cost for consumers. ]ZC show

exemplagrseigonductoppackagesr FIG.t2a ustratesfurberdetait of DIP &2vhoanted on PCB 52.

passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit can 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 1is 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
flipchip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall
circuit performance. In another embodiment, the semiconductor
die 58 can be mechanically and electrically connected directly
to PCB 52 using flipchip style first level packaging without

intermediate carrier 106.
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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 can
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 alumintn (A9), TBpPEr BT ESR MR (N3 fgdid tAQ), Bt Sivér (&g5Sand are
electrically.gonnested to-thecirguit elementsdarmed within-semiceadietor die, 74.Duringnassembly of DIP
64, semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesivethafetiaf Such 38 #H8tnflt 8pBRy OF epSiy fesin. e FadkabdbodyAhcitideE Ghih&diative
packagingupaterial sugh as pelymerorceramici Eanduetos teanise80Q and hapdnwiress82 provide electrical
Interconnect betyween semicon %tor die 74 and PCB 52. Encapsulant 84 is de _o%ited over the package
for environP8Ial Srdtéition’d grevgﬁﬁjr"f‘gr MoTstufe afd Bgﬂic‘f‘ecstfjrgr%’enjtgﬁﬁjﬁh package and
contaminating semicenductaredie 7428 hondwises 8Red abovElG. Zxlllustratestfurther detail of BCC 62
mounted on PCE 52. S rr%iconductor diet88 is.mourllteg over carrier?‘ao gésing anfunde{félloor.e%oxy-resin
adhesive'materiai 92 Bond %e%@%aﬁrov%esﬁrggl%vél Eaci%ﬁllncgolrﬁ erconnedt betweer contact pads 96
and 98. Moldingicorapowacthdrencapsutantd DO i$ Hdéposited over semiconductor die 88 and bond wires

94 to provide physical ﬁ;&oorg%ng 1%Ijectrical isol%tiso_nsfeocr:' EQ% QEYiC%i eCon(g%ct épads Jtolzo%reoffrmed over a

. . WS CrQ . PO
surface of PCB 52 using a suitable metal aeposmon process such as e ectrolytlgplgtmg or electroless
plating tossreventokidation. \Gohtactlpddls 102xate electricalhcorinected to dRd onatore doadkctive signal

traces 5498&%%eszlln%gé%sdl%éﬁev@@&&'%eé‘é’e?@ goptadt pads 98 of, BGG 62.and,cantact pads 102

of PCB 52. . 2¢, semiconductor die 58 is mounted face down to intermediate carrier 106
with a flipehiprstifesfirstielensadkadimg ATtive vegidnvD8sf semiesadisctdedieB8eontains analog or

digital cirguismplemented as setve,devioes. hassive deees, cendyalive jayerenand dielegiric layers

formed according to the eléctrical design of the die. For example, the circuit can include one or more
transistorsh diceeS CinbtiEtbls, YoapakR6130 PesistbRs! andGtRe ifcuitceléfentslwithihlgttive region 108.

Semiconductordies38;iscelactrically ard mechapically ggpnected te carrigrl06;through bumps 110.
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.
Conductive layer 132 can be disposed side-by-side a first
distance from the edge of semiconductor die 124, as shown in

FIG. 3b. Alternatively, conductive layer 132 can be offset in
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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 flipchip semiconductor device provides a short electrical conduction path from the

active deVitts hisemicBRdEAEr dielSe ticdnduttion TFackS onPEB B2 MaStaer-fo rette Sighal
propagationrdistance i lower capaeitancen anddpprove everal cikguit perfermancendn apather
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flipERP'AYIE HsIevé PatkagingWitbut inteffiediate’ Eartidl 108. 41 SPOSEG B8RS a
semicondiiciarawater 428rwitha basgsubstrateematerial 122, such as silicon, germanium, gallium
arsenide, indium phosphide, or s%iilicon carbide, for structural Schp%)ort. Aﬂl}frality lg;f semiconductor die or
components 124 is formiéd SHWafer 129 $8paratdd bl a hoR-active fintet-dié wafSr Afea or'sal street 126
as described above uSawstrees A 26 pfovidesi cuttingaareas ¢o- singalate semicorauctoriwafer 120 into
individual semiconductoy die 124. . FIG. 3b shows a cross-sectional view .of a portion of
semiconductor wafer 1207 Edén S57]8rlnrllcocnodalljtc%cglrgdie 1Bahasea 65&? surfice 128 and active surface 130
containingtanateg opdigialtcirouits impemerted asiactive devices 3 passive devisesnconaiuctive layers,
and dieIeI%triceIaX%rseforsmgg vvsithinl tchéendi .aggi%{gctl('ig%% i)nterscg) r.l1%%tgd I@fﬁ%@é@ t&tlhﬁ\ﬁl?ctrical
design and function of the die. For example, the circuit may‘include one or more transistors, diodes, and
other circtitlelementsdfonmed Wwithin acte surface 23010 ipeplement andlbgsifcuits of digitabitircuits,

such as digita) signal pragessgr (RSP). ASIC, memory, of pther signal pragessing, direuit, Semigonductor

die 124 may also contain 1PDs, such as inductors, capacitors, and resistors, for RF signal processing.
An electricafiy tahductiverdyertr3is forme 0oBL atthveSsurfaeePt30- iising HVDB hEVDe elettrolytic

plating, elegfroless:plating progess ;0rother, suitahle metal deposition process, Cendugtiye layer 132 can

be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or othér suitable electrically conductive material.
Conductivé ¢h/er 43D Fpetatédtas cohtadtipats dlegfieshy ¥onnetied tolthe-circuits on active surface

130. Congluctive,layer, 432 cap bedispesed siderhysside afirst distance from the gdge Of sepiconductor
die 124, as shown in FIG. 3b. Alternatively, conductive layer 132 can be offset in multiple rows such that a

first row dffctitact parists aishosedn firkPistaheeTrom HE Bdde bf e 8ePaRE aCs8tdharowFof contact
pads alternating with the first row is disposed a second distance from the edge of the die.

In FIG. 3c, semiconductor wafer 120 is singulated
through saw street 126 and insulating layer 134 using a saw
blade or laser cutting tool 138 into individual semiconductor
die 124.

FIG. 4a shows a semiconductor wafer 140 with a base
substrate material 142, such as silicon, germanium, gallium
arsenide, indium phosphide, or silicon carbide, for structural
support. A plurality of semiconductor die or components 144 is
formed on wafer 140 separated by a non-active, inter-die wafer
area or saw street 146 as described above. Saw street 146
provides cutting areas to singulate semiconductor wafer 140 into
individual semiconductor die 144.

FIG. 4b shows a cross—-sectional view of a portion of

semiconductor wafer 140. Each semiconductor die 144 has a back
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An insulating or passivation layer 134 is formed over active surface 130 and conductive layer 132 using
PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal oxidation. The insulating
layer 134 contains one or more layers of silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (1a205), aluminum oxide (Al203), organic polymer, or other material having
similar insulating and structural properties. A portion of insulating layer 134 is removed by an etching

process Wi S3dttetiéd pROtoredistayeritd exfose’ Corfittive Tdysd 1322 AREridtiveld 4 gottion of

insulating-layet: 134 is rgmevechby baser diract ablationi(tDA) usingslaser 436 te-expose conductive layer
132. In FIG. 3c, semiconductor wafer 120 is singulated through saw street 126 and insulating

layer 134°08iY QA bisdeTriasé Chtfing toof 138 ntd I GvkduaPsainitohibBr did 24t € FIG.
4a shows: aseslieenductornwafer 140 withha base substratednateriab 142 csucheas silieen, germanium,
gallium arsenjde, indium_phosphide, or silicon carbide, for structural support. A plurality of semiconductor
die or coNBORERts 144 15 JBIEd B Walbr 140 SEpardiél by SR eNe Tnie HE wafdh Stea o saw
street 146 asldeseribed above.cSawistieet 146 prayided cditing areds torsiagulate-serntconductor wafer

140 into ingivi%uacl se?icondélctor ie 144, . FIG. 4b sq% sa cross-fectio a e\/\igga portion of

| vi
semiconductor wafer 140" actqu%%mllélonadputc%&ediesiﬁ as a ackto thp-ement ana

circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 144 may also
contain IPDs, such as inductors, capacitors, and resistors, for
RF signal processing.

An electrically conductive layer 152 is formed over
active surface 150 using PVD, CVD, 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 operates as contact pads
electrically connected to the circuits on active surface 150.
Conductive layer 152 can be disposed side-by-side a first
distance from the edge of semiconductor die 144, as shown in
FIG. 4b. Alternatively, conductive layer 152 can be offset in
multiple rows such that a first row of contact pads is disposed
a first distance from the edge of the die, and a second row of
contact pads alternating with the first row is disposed a second
distance from the edge of the die.

An insulating or passivation layer 160 is formed over
active surface 150 and conductive layer 152 using PVD, CVD,
screen printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 160 contains one or
more layers of Si0O2, Si3N4, SiON, Taz205, Al203, organic polymer,

or other material having similar insulating and structural
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surface 148 and active surface 150 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 150 to
implement analog circuits or digital circuits, such as DSP, ASIC, memory, or other signal processing
circuit. S@ﬁ%%g&&t@o? die 248 1idy Q0 Tontdit 1PBS 1Sithlay dudtols ‘Capaeiorss an Yesistors, for RF
signal pregessings proce £ eleekicallyeenducive layerddheis fermed over adive:gustace 150 using
PVD, CVD, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conductiv& TEYET 155%ah™ié bne df more 1ayerS f ACH, SA, Ko AU Ay, BF otHe? ShtaBiRElectrically
conductivesfateriad 0Carductivetayernchb2 operateishas centact pads electrically eonnectad ta the circuits
on active_surface 150. Conductive layer 152 can be disposed side-by-side a first distance from the edge
of semic&ﬁ%%{orlgg 144, as shown in FIG. 4b. Alternatively, conductive layer 152 can be offset in
multiple rows such thatra firstGowaf coatact pads is disposed arfitstodistance droer thereddes of the die,

and a second row of contact pads alternating with the first row is disposed a second_ djstance from the
caige of e HE SV Pttt H8 16010 PO v Srface 180 and

conductiyelayer £52 asingtPV By TV D5 \8ereerpprintng spin edatingy sprayicoatihgrsintering or thermal

oxidation, The insyfating ayer 100, contains.ane gr mare Javers of 5102, S3N4, SION, 12205, AI203,
organic polymer, or other materiaPhaving similar insulating and structural properties.” A portion of

insulatin_gDIlayeE $60 is @n@@tby an Jemil'_ﬂﬁg b?_@cessr_with%aWaﬂeﬂ{ednphr@toi@ai’@tﬂay@rﬂqlékpose
CO”dUC“‘&':”‘V%E}5%1@"‘?{{};“%%}3!’ a,pottion of insylating layer 160 js remqved by LDA ysing laser 166 to

expose conductive layer 152. In FIG. 4c, an electrically conductive layer 170 is formed over
insulatingnriyer 160 andconductive’ryer Y52 using patteraimgtwite PYD, D nssuteding? electrolytic
plating, elegtroless.plating processor other suitable metal deposition process. Conductive layer 170 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 170 i$ eldctirallybonhetrtlitdicbrtuétiveciayér 4525 formed over

conductive layer 170 using PVD, CVD, or other suitable
deposition process. In one embodiment, resistive layer 174 can
be tantalum silicide (TaxSiy) or other metal silicides, TaN,
nickel chromium (NiCr), titanium (Ti), titanium nitride (TiN),
titanium tungsten (TiW), or doped poly-silicon having a
resistivity between 1-200 Ohm/square.

In FIG. 4e, an insulating or dielectric layer 178 1is
formed over resistive layer 174, conductive layer 170, and
insulating layer 160. Insulating layer 178 contains one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide (PI),
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
material having similar insulating and structural properties.
In one embodiment, insulating layer 178 acts as a capacitor
dielectric material. A portion of insulating layer 178 is
removed by an etching process with a patterned photoresist
layer, to create opening 182 and expose a portion of conductive

layer 170. Alternatively, a portion of insulating layer 178 1is
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In FIG. 4d, a resistive layer 174 is formed over conductive layer 170 using PVD, CVD, or other suitable
deposition process. In one embodiment, resistive layer 174 can be tantalum suicide (laxSiy) or other
metal suicides, laN, nickel chromium (NiCr), titanium (li), titanium nitride (liN), titanium tungsten (liw), or
doped poly-silicon having a resistivity between 1-200 Ohm/square. In FIG. 4e, an insulating or
dielectric layer 178 is formed over resistive layer 174, conductive layer 170, and insulating layer 160.
Insulating Fy/eY $78°entdifs BAé Y mMotédayers of 50X 59N, SiAN1a205, RR03°CpelyMitEIPI),
benzocydlghutene {BCE)dpelybenzaxazolesd{PBR), osother material having similar insulating and
structural properties. In one embodiment, insulating layer 178 acts as a capacitor dielectric material. A
portion of insulating layet T785s rémovad by ar-&ohifg procESS With o patterAgd photttedist Layer, to
create opehing:482 and expese atiorton of eenduddivedayerilsfOi Adterratively] aogortion of insulating
layer 178.is removed by LDA using laser 192 to expose a portion of conductjve layer 170 and to create
opening 18515 L S Bt A elegtibally BORTICHVE IAyerE86 8 forhied vérinsaiating fayer 175,
conductivei layeP¥ 10, insulating layes 1 60gand tenductivedayerlz usigg patteming WwithsPVD, CVD,
sputterin\%%elggtrrlolytig: glésléigg, elgctrl%eé%g iplatin prgdfes% or aﬁhe suitabLe. rgrel:tal rdoegogiéioq process to

form indiVidaal p&tigns or S6c¢tions 86d. Con u%tivg?ayer BBARCILAES one or more ayers of Al,

Cu, Sn, NipAu, Agdordttres Suitablé eteciricallyscoriductive inddertal Skdone €mbaddiments conductive layer

186 is defgsié(%d T%iggian%liiﬁaﬁbé% sglggti\éer copper I%tin gro&gsg,lsuc@uas ié)rq mj iing Qr bacA( sputtering,
with a suitable seed alloy such as titanium copper (Ti lﬁqftltanlum tingstén copper (Ti\/\}t"u), of tantalum
nitrogen copper{FaNSu) thdrrotherearnbodiment, comductive Tayend86rhiagsla thicknessshetween 3 and

15n“m0gﬁ%%§£Rth, conductive layer 186 is deposited using a suitable
selective copper plating process, such as ion milling or back
sputtering, with a suitable seed alloy such as titanium copper
(TiCu), titanium tungsten copper (TiWCu), or tantalum nitrogen
copper (TaNCu). In another embodiment, conductive layer 186 has
a thickness between 3 and 15 micrometers (um).

The individual portions of conductive layer 186a-186d
can be electrically common or electrically isolated according to
the design and function of the individual semiconductor die 144.
In one embodiment, conductive layer 170, resistive layer 174,
insulating layer 178, and conductive layer 186a form a metal
insulator metal (MIM) capacitor. A portion of conductive layer
186b extends vertically through opening 182 to electrically
connect conductive layer 186b to conductive layer 170.
Conductive layer 186c is electrically connected to conductive
layer 152. The individual sections of conductive layer 186c and
186d can be wound or coiled in plan-view to produce or exhibit
the desired characteristics of an inductor. Conductive layers
186c-186d form a bottom inductor wing formed over and within a
footprint of semiconductor die 144.

In FIG. 4g, an insulating or passivation layer 190 is
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The individual portions of conductive layer 186a-186d can be electrically common or electrically isolated
according to the design and function of the individual semiconductor die 144. In one embodiment,
conductive layer 170, resistive layer 174, insulating layer 178, and conductive layer 186a form a metal
insulator metal (MIM) capacitor. A portion of conductive layer 186b extends vertically through opening 182
to electrically connect conductive layer 186b to conductive layer 170. Conductive layer 186c¢ is electrically

connectet b ohdOE e BYBATSS e irtiAdual Sectidhs Bf-éonditive Yafer 186¢ #if186d can be
wound oriegileddn plan-vieyeto produce ongxbibis the desired charactsristies Of aparducior. Conductive
layers 186¢-186d form a bottom inductor wing formed over and within a footprint of semiconductor die
144. In FRE*4Y, &rPinsufafing Or pasBivation' faya? 186 is fotmed vt condlictietiay8r 186 Yfidulating
layer 178] anddasidating layee 160 usihgePV By €MD, qaTinting2spip Comting SSwHEy coating,,screen printing
or lamination. Insulating layer 190 contains one %r more layers ?; %ioz,, Si3N4, S,iiN, Ta205, Al203,
organic po é:’ o?Bﬁger}JrﬁatOeﬂ%\Vﬁlg\ﬁhg imifar ﬁgulgﬁﬁggﬁﬁﬁ trUctirapropertied” In one embodiment,
insulatingi layet 490 nndergbestar adring plocess aftet beikng deposited, with adimigttemperature ranging
between 165-?186(1)tderl reigL Ceelsi% éC}HIIB] gpogher eénkg:odrimgnt, a t(p(i:%knesg1 P{[_(iénrsukl%inrg layer 190 ranges
between 5-20° pm: JA%or ion ‘of insu ating aygr 90 i removed l?y an etc’c%ing process With a patterned
photoresistlayei tedxposectorductive tayer I86¢ Attemnativeyng postidre bfviasulatifg tayEr 190 is

removed by LDA usjng, laser 192 ta expase caon %:tive layer 186, nFElG. 4h, an eIJectricaIIy
conducti\fggl%glgre f9€? %Fo}r%sed (ov@r |'n5l$a?tin(‘jgnlg?l)clere 100 ﬁ{ﬁg %(l)rrq Bgtl’veala])clerlf% ﬁgiﬁgopatterning with
PVD, CVD; sputierimg electrotyticplating cslectrelewss plating 4tocess, oh otfver tsuitablefmetal deposition

process to,foir dndiyigualparions or secians Labe 196¢, Candueliys Iyar 98 ingludgs gne or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electfically conductive material. In one embodiment,
conductivealayer 196 idepositedising astitable seiastive copper plating predess, s8eh as ion milling or

back spugteting.with g suitable seed allgy sueh;as TiCu, WG, or TalNG, In another embediment,
conductive layer 196 has a thickness between 3 and 15 pm. The individual portions of conductive
layer 196aRPTo6E éay béadectricdlly commdRbTeleariealftistRteddecording to the design and function

of the individual semicendycter digl44, Conductive layer 196a isielectrically gonnected tq and aligned
with conductive layer 186a. Conductive layer 196b is
formed over insulating layer 190 and conductive layer 186 using

patterning with PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process to form individual portions or sections 196a-196e.
Conductive layer 196 includes one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.
In one embodiment, conductive layer 196 is deposited using a
suitable selective copper plating process, such as ion milling
or back sputtering, with a suitable seed alloy such as TiCu,
TiWCu, or TaNC. In another embodiment, conductive layer 196 has
a thickness between 3 and 15 um.

The individual portions of conductive layer 196a-196e
can be electrically common or electrically isolated according to
the design and function of the individual semiconductor die 144.
Conductive layer 196a is electrically connected to and aligned

with conductive layer 186a. Conductive layer 196b is
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electrically connected to and aligned with conductive layer 186b. Conductive layer 196c is electrically
connected to and aligned with conductive layer 186¢. Conductive layer 196e is electrically connected to
and aligned with conductive layer 186d. The individual sections of conductive layer 196c-196e can be
wound or coiled in plan-view to produce or exhibit the desired characteristics of an Inductor. Conductive
layers 196¢c-196e form a top Inductor wing formed over and within a footprint of semiconductor die 144.

FIG. 41 shbWs& paiVigw St RE FORPriftbftRE top" AAA BotBM ihdGEidT Wids Shdwi §f FIG. 4h. In one

embodimegtshowrbindd&x Ale condugtivedayers 4 96c:La6ei kave § saalige erasg sestignal width than
conductive layers 186¢-186d. The cross sectional widths of conductive layers 196¢-196e and conductive
layers 188L B8 cahVary CaBEBHanG 6 thé ¥ebigh®Ar it funtio&ity bY Serhfbntulto? die-£44. In another
embodimens contustivie,layers£96e-496e have a:aross sectionah widthdhatisgseatey &ian or equal to
the cross_sectional y(\?/'i%ith of con%%ge layers 186¢-1 The to Ind;g&or wg% 96¢c-196e, is

6d. .
longer than tie bottdin IBGSH 186C 1888 Ss\ith that e55duchive 18y 96t éxtendS b&idhd a
footprint okthediottdn inductdrasingril 86ca1864di 4w another emhodiment, showhtintfHe. 4], the top

Inductor wing, 196¢-196e, is substantially the same rllecglgtkt\g]? the ggg%g]clnggctoi wing 186 -?1(833_6d, such
that the entire 160 prin of the ?op fnductor wingriQJGC- 66 1S dispose wfhln the ?o%?prlnt of the bottom

Inductor wifgel 86o-086d.tHye fengthstofrthe tog IHductewinge96catO6e. ahd theabdtterndndudctor wing
1860-186éjfcasne\r{1ar aceor igcll t%ghe qgﬁjgn and functionality of semiconductor die 144. In FIGs. 4h-4],

conductive layer 196¢ s a igned wit
FIG. 4i shows a plan view of the footprint of the top

and bottom inductor wings shown in FIG. 4h. In one embodiment,
shown in FIG. 4i, conductive layers 196c—-196e have a smaller
cross sectional width than conductive layers 186c-186d. The
cross sectional widths of conductive layers 196c-196e and
conductive layers 186c¢c-186d can vary, according to the design
and functionality of semiconductor die 144. 1In another
embodiment, conductive layers 196c-196e have a cross sectional
width that is greater than or equal to the cross sectional width
of conductive layers 186c-186d.

The top inductor wing 196c-196e, is longer than the
bottom inductor wing 186c-186d, such that conductive layer 196d
extends beyond a footprint of the bottom inductor wing 186c-—
186d. 1In another embodiment, shown in FIG. 4j, the top inductor
wing 196c-196e, 1is substantially the same length as the bottom
inductor wing 186c¢c-186d, such that the entire footprint of the
top inductor wing 196c-196e is disposed within the footprint of
the bottom inductor wing 186c-186d. The lengths of the top
inductor wing 196c-196e and the bottom inductor wing 186c-186d
can vary according to the design and functionality of
semiconductor die 144.

In FIGs. 4h-4j, conductive layer 196c is aligned with
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conductive layer 186¢, and conductive layer 196e is aligned with conductive layer 186d. The top inductor
wing 196¢-196e is stacked over and aligned along the entire path or coil of the bottom inductor wing
186¢-186d, and a footprint of the top inductor wing 196c-196e is within a footprint of the bottom inductor
wing 186¢-186d for the entire length of the coil of the bottom inductor wing 186¢-186d. In another
embodiment, the top inductor wing 196¢-196e and the bottom inductor wing 186¢-186d are aligned with a

horizontaf SSECuchathat i fobtptnt of the OPAdGESY Ring Y66c-1966 istSuriteethgFodtbiint of the

bottom ingleietar wing 4 866-186d1 he progess effprmingdPRsrextermally 4@ semicandugtor die is prone to
cause some degree of misalignment which can degrade the IPDs, particularly when the IPDs are formed
over semiicghdtctorUi€ and Ais S SeFarattly dahfg siBs&quert fomtidono ROLL. THe 0pfinductor wing
196¢-196snis istackesdaver andwaligned sdeng dwientivapath eveeibefithe kattorn industor wing 186¢-186d
within semiconductor die 210 for higher quality and reliable IPDs. | In FIG. 4k, an insulating or
assvatoR TR S00HE F 5 THEAdng B 190 b CRELRIVE oy P TSV, U,

printing, $pidcoating wSprgy teating, sesedtvprinting entamiraticm dnsulating: layer200Q contaims=one or

more laygre of 5102, 3i3N4, SION, Fap0s, AI208, oroanic polymer, or gfermateral haying siilar
insulating an Structural properties.”In‘'one embodiment, insulating layer unélergoes a curing process
after deposition twith @igcuyingtémpeatere rahdimg froomt 165 380C1d h @nothereemisodineds,ca thickness

of insulating layer, 209 fpnges between 5,20 py A potfion of sulaing layer 200 5 remoyed by an
etching process with a patterned photoresist layer, to expose conductive layer . ﬁernatlvely, a portion
of insulatifitplayer200 diehtavediyy 196c-196e is outside the footprint of the

bottom inductor wing 186c-186d. The process of forming IPDs
externally to semiconductor die is prone to cause some degree of
misalignment which can degrade the IPDs, particularly when the
IPDs are formed over semiconductor die and also separately
during subsequent formation of RDLs. The top inductor wing
196c-196e is stacked over and aligned along the entire path or
coilil of the bottom inductor wing 186c-186d within semiconductor
die 210 for higher quality and reliable IPDs.

In FIG. 4k, an insulating or passivation layer 200 is
formed over insulating layer 190 and conductive layer 196 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. Insulating layer 200 contains one or more layers
of Si02, Si3N4, SiON, Taz205, Al203, organic polymer, or other
material having similar insulating and structural properties.

In one embodiment, insulating layer 200 undergoes a curing
process after deposition, with a curing temperature ranging from
165-380 °C. 1In another embodiment, a thickness of insulating
layer 200 ranges between 5-20 pm. A portion of insulating layer
200 is removed by an etching process with a patterned
photoresist layer, to expose conductive layer 196.

Alternatively, a portion of insulating layer 200 is removed by
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LDA using laser 202 to expose conductive layer 196. In FIG. 41, the assembly from FIGs. 4a-4k
is singulated through insulating layer 200, insulating layer 190, insulating layer 160, and saw street 146
with saw blade or laser cutting tool 204 to create individual IPD die 210. The structures described in FIGs.
4c-4k, including conductive layers 170, 186, and 196, resistive layer 174, and insulating layers 160, 178,
190, and 200 constitute a plurality of passive circuit elements or IPDs 212 formed within IPD die 210. The
IPDs 2124pPovite'the elécificaliraradtte RS e st or hightrédquditty ‘applications, such as

resonators, high-pass filters rlow-pass filters sband-pass filtess, symmetric, HiHQ resonant transformers,
and tuning capacitors. The IPDs 212 can be used as front-end wireless RF components, which can be
positioned 'BERVEEH Te SRterna and (FAHSteiviy. TRE fductiSis canbe Ri: 5l A XFdnstortier, or coil,
operatingiup ta 400 £zjgaherdsz: In somesapplications, raultiptedsalung ares formed-oreasamessdistrate,
allowing multi-band operation. For example, two or more bfluns are.used in a quad-band for mobile
phones o?%?ﬁé‘rng%lggos%s% for“mobf E@vaﬁoi ‘ﬁﬁ'éﬁﬁ‘i aﬁgr%,%a%hzo]a Un is dedicated for a frequency
band of operaticriekiheduack-bardidevice.IA sypidal Rk systeml retiirgs caultipled P2s dardyether high
frequency cjrcuits.in one ar e semiconductor packages tp perfoym the necessary. electrical functions.
FIGs. SabilILSTRS, B blohah o PSS T, A S8 ot otoct Of TR & B G E Brdge and a
fan out RDiOgver Egmitonducioddie Ehdd@Ds: i Et6. 5ard sulstridte ov Capréer 204ecantains sacrificial

T e o 0 ey
provide the electrical characteristics needed for high frequency
applications, such as resonators, high-pass filters, low-pass
filters, band-pass filters, symmetric Hi-Q resonant
transformers, and tuning capacitors. The IPDs 212 can be used
as front-end wireless RF components, which can be positioned
between the antenna and transceiver. The inductors can be 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 is
dedicated for a frequency band of operation of the quad-band
device. A typical RF system requires multiple IPDs and other
high frequency circuits in one or more semiconductor packages to
perform the necessary electrical functions.

FIGs. 5a-5i illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming a conductive bridge and a fan out
RDL over semiconductor die and IPDs. In FIG. 5a, a substrate or
carrier 214 contains sacrificial base material such as silicon,
polymer, beryllium oxide, or other suitable low-cost, rigid
material for structural support. An interface layer or double-

sided tape 216 is formed over carrier 214 as a temporary
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adhesive bonding film or etch-stop layer. Leading with insulating layer 200, IPD die 210 from FIG. 41 are
positioned over and mounted to Interface layer 216 and carrier 214 using a pick and place operation.
Leading with insulating layer 134, semiconductor die 124 from FIG. 3c are positioned over and mounted
to Interface layer 216 and carrier 214 using a pick and place operation. Insulating layer 200 is

substantially coplanar with insulating layer 134. FIG. 5b shows a top or plan view of the
assembl;f‘ﬁ)érerﬂil@ 520D e 516Ts Afountéd nEXAB sEMIEONductsPGie R4 Vet carrier 214 with
Interface iayar2:6; HD die 210 39 adjacent @isemiconduaigr diecl241and tRD sl 210 isiseparated from
semiconductor die 124 by a space or gap between IPD die 210 and semiconductor die 124. FIG.
5¢ showSthe asdethibly FORTEIGS, 54256 h2G§ing DhE singfe BB dP210,Hnd’d dingfe-88mitonductor
die 124. An @ncapsulanteemeolsing compound 220:is deposited averlRDidig 2140, semiconductor 124,
and carrier 214 using a paste prinfing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum Iiﬁﬁﬁéi%h?‘gﬁﬁofoa ing, é? gth%?%ﬁitgb[lg ap ﬁc%g? ENSHpstifdht 220'ah 58 Bolymer composite
material, soch asdepoxy resianwithchiller agpaxycacrykatel with:fitlee ror Jiodymen with preperillend
Encapsula{};jZZO iS non-conductiv. andlenvironrt_ﬂentally B?%tegtss tQ%bsg@icocnda Eor devicle from external

elements and” 8or?tgﬁ1r|r?atn]t§.nEncapnsﬂlan%tzjz?)%asamaﬁ volumé reS|st|V|ty‘,31 e.é., gré’at(é?3 an £14
Ohm-cm)yiavu diglecttie tonstahé (& g., legs.than 4.0), and low loss tangent (e.qg., less than 0.05).

In FIG. 5d, carrier 214 Infg%rfas%eo@ger 2\%6 gr% remg\é%d \t;x g@e@catlﬁéchail% ,erpn%%@argg_%l r[peeling,
a bake,aU i t, faser

CMP, mechanical grinding, therm igh scanning, or wet
FIG. 5a. 1IPD die 210 is mounted next to semiconductor die 124
over carrier 214 with interface layer 216. IPD die 210 is

adjacent to semiconductor die 124 and IPD die 210 is separated
from semiconductor die 124 by a space or gap between IPD die 210
and semiconductor die 124.

FIG. 5c shows the assembly from FIGs. 5a-5b, focusing
on a single IPD die 210, and a single semiconductor die 124. An
encapsulant or molding compound 220 is deposited over IPD die
210, semiconductor 124, and carrier 214 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 220 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 220 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 220 has high
volume resistivity, (e.g., greater than E14 Ohm-cm), low
dielectric constant (e.g., less than 4.0), and low loss tangent
(e.g., less than 0.05).

In FIG. 5d, carrier 214, and interface layer 216 are
removed by chemical etching, mechanical peeling, CMP, mechanical

grinding, thermal bake, UV light, laser scanning, or wet
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stripping to expose a surface of encapsulant 220, insulating layer 134, conductive layer 132, insulating
layer 200, and conductive layer 196. Encapsulant 220 provides structural support for semiconductor die
124 and IPD die 210 after removal of carrier 214. In FIG. 5e, encapsulant 220 is etched using a
plasma process, wet chemical etching, or photoresist developing process to remove a portion of a surface
of the encapsulant 220. Alternatively, a portion of encapsulant 220 is removed by LDA using laser 221. In
one embSdietit 18 PoriorFeftRE entapSHIaAtE2E supportstiitiire 2220 maiftainelovifage over a

sidewall 224, et-insylafing dayei 3 SuppeH:struTiyre 222 alse majntainsegoverage guer a sidewall 226 of
IPD die 210. Encapsulant 220 also has a surface 228 that is vertically offset from an exposed surface of

insulating” &Y8F £34 Wnd iAYHAting fayer 2862PSULanih Bits) 5¢7&Y indGfathgot passivation layer 230 is
formed oveenreapsatant 220; semibontdueton die 124, andilP>died20 psingRVRC¥E priating, spin
coating, sﬁpiay coatin% sereen printing or lamination. Insulating layer 230 contains one or more layers of
5i02, Si3N4, STON; T 28 , Al203, organic polymer, or other material having similar insulating and
structural properties. The thickne<s=0f inaulating layer 230ahde adjustedacoogdiagia dkendesign and
function of IPD die 210. én one emboldirgggﬁ the thickness gggr%%ul?tér%g 5;1 er %30 raréges between 5-25

pm. A portion of iInsulating Tayer 230 is femoved by an étching procéss with a patterned photoresist Layer,

to expose a portiory of eonductive tayers 4 32wanta186. Alterhativeshy; apportion of #iSulating layer 230 is
removed by, LDA ugi.n Iilser 23210 Xpose a p(e)rtion of aan,lCJcti'\é%lajyer 132 and OF%‘Q“EB‘AG layer 196.

The resu tinig—jevrléllsa 3 ca%’haij/epaor won Heapsy S TEROVE
using laser 221. In one embodiment, a portion of the
encapsulant 220, support structure 222, maintains coverage over
a sidewall 224 of insulating layer 134. Support structure 222
also maintains coverage over a sidewall 226 of IPD die 210.
Encapsulant 220 also has a surface 228 that is vertically offset
from an exposed surface of insulating layer 134 and insulating
layer 200.

In FIG. 5f, an insulating or passivation layer 230 is
formed over encapsulant 220, semiconductor die 124, and IPD die
210 using PVD, CVD, printing, spin coating, spray coating,
screen printing or lamination. Insulating layer 230 contains
one or more layers of Si02, Si3N4, SiON, Ta205, Al203, organic
polymer, or other material having similar insulating and
structural properties. The thickness of insulating layer 230
can be adjusted according to the design and function of IPD die
210. In one embodiment, the thickness of insulating layer 230
ranges between 5-25 um. A portion of insulating layer 230 is
removed by an etching process with a patterned photoresist
layer, to expose a portion of conductive layers 132 and 196.
Alternatively, a portion of insulating layer 230 is removed by
LDA using laser 232 to expose a portion of conductive layer 132

and conductive layer 196. The resulting vias 234 can have a
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straight, sloped, angled, curved, or stepped sidewall. In FIG. 5g, an electrically conductive layer
240 is formed over insulating layer 230, insulating layer 200, conductive layer 132, and conductive layer
196 using patterning with PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or sections 240a-240d. Conductive layer 240
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In
one emb8dihferiCondticive fay et 24658 depbsitéfusiAg a>StbissleefEddpper plating process,
such as ion milling or bagksputtesag, with aisitablesseed alloyrsuchtas, EiCs JdWCw @r TaNC. In
another embodiment, a thickness of conductive layer 240 ranges between 3-12 pm. A portion of
conductive lBY)6F 220 ektehdE HotizbRthlly W6y ﬁéﬂi’atihﬁ ?%Waﬁrf‘%ﬁ%ll%ﬁt%’active surface 130 of
semicondugaiarudie ik24 todaterallyzregdisimbute dhelelecireal infgeconneet tosconglustive tayeis 432 and
196. Conductive layer 240 operates as a fan-out RDL, providin Eteral redistribution %or the electrical
Signals of SeNCORUCHS! O 197 apaTb e D15 TR VGBI BOrBHS of CRGIINE Ty er 240a.240d
can be elettrically commers er, electricaly isadated dependingadn theseconnectivitypobthedndividual
semiconductor die 124.and IPD die 210. A portion of condugtjve | 40a extends through insulating
layer 23 t%rérfeétrrll%}alllel%dglr?nic? ?:6Eéﬁ&ﬁ’/eggygref}daoféscogn%ﬁ%%eg ?a%/ér 1§§no$%(éFnllg§nductor die 124.
A portionlafyenddétiveclaye b240in extends dliroughyirsidatidg Fayer 280 t6 eledtricallfrconhgct conductive
layer 240b to conductive layer 132 of semiconductor die, 124 and conductive layer 196a of IPD die 210.
A portionO(;:f c%qaﬁgtivseulh%/glggiog g)?tée%aé%ﬁrr]gﬁ hcfr?éll%gt?r?gll\é@e%aﬁfg an 'ZOOEtS e%cetrically connect
conductiveniagei 240¢ to comguctive Vayers 196b ahd 196dl#rportibndf eondgctivesayer24Ge also

extends horizonialy.alang Insuiatinglayer 230, and.oneratas as.a piackadigdugior brige.or conductive

bridge providing electrical interconnection between conductive layers 196b and 196d. Thus, conductive
layer 240808 elettricully cohhecredytoithebds Iritkretoranihg vl 96ectocesarid Semicohduetor @ie 144. The

distance ot gap Dirhetween the horizontal,pastions of conductive layers 240a:240d and gonductive layers

196a-196e can be controlled or adjusted by increasing or decreasing the thickness of insulating layer 230
according fd tHeedesign BAdTGRctioh 3fAPBdie 2100 Sehdiednductropatkageepartivafarly # high-current

applications, arg;pranstplsakage gurignthetween conductiveslayersardeyices, Ingreasing the distance
D1 by increasing the thickness of insulating layer 230 provides the ability to reduce leakage current

between &6hdUGIVENaYES24020240d 8REHICTPIIS 22, SefiicobAductor dREE44 lahd semiconductor die

124. redinElGoafaninsulaiing oF Passivation laysn 244 s formeghonerdnsidating layer 230 and
conductive layer 240 using PVD, CVD, printing, spin coating, spray coating, screen printing or lamination.

Insulating Bgef 244 tdfitain& BREOT Triofe 12yerS of $182°CBENY; SIORE Ta2b®" ARD3, Brganic polymer,

or other patsriah having similaninsulating angstrusturabpropedies: Afartien of sylating layer 244 is
removed by an etching process with a patterned photoresist layer to expose conductive layer 240.

Alternativeiy- & PO of Insli&ting 1ay 8944 I retrisied ty LDATinG faset 248 to BXp6d€ BSnductive

layer 240 f conductive layer 240a-240d can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die 124 and IPD die 210. A portion of
conductive layer 240a extends through insulating layer 230 to
electrically connect conductive layer 240a to conductive layer
132 of semiconductor die 124. A portion of conductive layer
240b extends through insulating layer 230 to electrically
connect conductive layer 240b to conductive layer 132 of
semiconductor die 124 and conductive layer 196a of IPD die 210.

A portion of conductive layer 240c extends through

insulating layers 230 and 200 to electrically connect conductive
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FIG. 51 shows the assembly from FIGs. 5a-5h with multiple IPD die 210 and semiconductor die 124. An
electrically conductive bump material is deposited over the exposed conductive layer 240 using an
evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The bump
material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The

bump matéfi&tis hoRded fo EORALEIVE T8y r2dtr Gsing A3AtaBIelattachmént¥ Wohdihg’process. In one

embodimestdhe bump majerial is reflowesbby heatingtheonatesial above is sefting pamé ta fagm balls or

bumps 248. In some applications, bumps 248 are reflowed a second time to Improve electrical contact to

conductivei&§Er 2407 AR TAdEPEUMpTRetifliZAtiSh TGBR 1yt canBe forifid utder bumps 248. Bumps

248 can alsadecompressiondeonsesiio conguetive-tayer240.1Bumps 248depresenbene dype of

Interconnect structure that can be fgrmed O%{Ei g% ductive layer 240 The,lnter;onnect garﬁcture can also
cal n

use stud OB PiErS bdmP o other Blett rconheef”  CONIEH by ¥ Yinsulating layérs 230,
and 244,cbaductiveslayer 240, rand-kbdmps 2dBconstitute adittildrupyinterconnect sidcture249.

Additional conductiye and insulati %ayer may be formed over insulating layer 244 prior to forming
bumps 296 10 BPOVE ACHIOHal Vertcal A nansortal Gleticsl torohit) cidst the package
accordingp to- theodesign and fuectnafitycsfrtie semieonductorsdetdce ThélCassembly from FIGs. 5a-51 is

singulated thr ug@.insu@tin la e[ gém,_ip%llating Ia%er 230m§1nd enc psulant,220 itg saw blade or laser
cutting tool 250 fo create ?r?%\ﬁgual semiconductor pa§<acg%s orr?:lo-\?\ﬁC%P %%%ul%)l{v 6 shows
FOMVLCSPQEQaﬁkn@nqﬁﬂ@mﬂreasing the thickness of insulating layer 230

according to the design and function of IPD die 210.
Semiconductor packages, particularly in high-current
applications, are prone to leakage current between conductive
layers or devices. Increasing the distance D1 by increasing the
thickness of insulating layer 230 provides the ability to reduce
leakage current between conductive layers 240a-240d and the IPDs
212, semiconductor die 144, and semiconductor die 124.

In FIG. 5h, an insulating or passivation layer 244 is
formed over insulating layer 230 and conductive layer 240 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. Insulating layer 244 contains one or more layers
of Si02, Si3N4, SiON, Taz205, Al203, organic polymer, or other
material having similar insulating and structural properties. A
portion of insulating layer 244 is removed by an etching process
with a patterned photoresist layer to expose conductive layer
240. Alternatively, a portion of insulating layer 244 is
removed by LDA using laser 246 to expose conductive layer 240.

FIG. 5i shows the assembly from FIGs. 5a-5h with
multiple IPD die 210 and semiconductor die 124. An electrically
conductive bump material is deposited over the exposed

conductive layer 240 using an evaporation, electrolytic plating,
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Conductive layer 152 of semiconductor die 144 is electrically connected to conductive layer 170.
Conductive layer 170, resistive layer 174, insulating layer 178, and conductive layer 186a form a MIM
capacitor. Conductive layer 186b is electrically connected to conductive layer 170. Conductive layers
186¢-186d constitute a bottom Inductor wing formed over and within a footprint of semiconductor die 144.
Conductive layer 196a is electrically connected to and aligned with conductive layer 186a. Conductive

layer 196b'i§ eletrically dolmected todhd alitdd with cAdGGvelayértigeh. idtdticfive lalef 196¢ is
electrically ggnnested-to-and-aligned with conguative layer 186c. Gonductive layerd96es elegtiically
connected to and aligned with conductive layer 186d. Conductive layers 196¢-196e constitute a top
Inductor G ThPraBEsd Bffofing IPDY e B riHiy 16 S middnititictsdi& 1€ Brone’ B cause some
degree ot pusaligamertt whichngamdegradeithed RDise partiicslatlyvizery the, IPDsyarelfesaed over
semiconductor die and also separately during subsequent formation of RDLs. The top. Inductor wing
196c-196seoi%%?§dke%roae?aa%a ﬁ%%e%oa 1d the grgtlgre%éﬂ? oF'6iFbf fhe Bottom t6rwing 186¢-186d
within senticandtictoradia 238 forlighesquality and rekable IRDsachmentConductiveilayers 170, 186,
and 196, resistive Iaye& 174, and irgu(lﬂt%lgr!%yerg 160, 178, 19%, and %OQl constittlite a_eL glukr)ality of passive

circuit eIéorﬁc(ejr(ft%Sosr1PDsrh1(5(]1‘%rr(rewI¢1=31 Sver sem’lconh uc%?%ﬁ’e 141 Semiconductor die 144 afe singulated

to createhrdividugl P> des2E0 1RD die@1€ andssemicondgctor diec124 afeomountdd everra temporary
carrier 2%4. An e sulant 220H%s formeldi%\éetr .semlco%%lflnct%r |2812a4resem|§§3duecépr die 144, and

NoAP:
carrier 2 49rgjnscapsulant 20 %?oﬁdgfgtructura %ﬂﬁbort and stiffness durirrlg oIiNand(itl)ump formation.

An insulatingdayert23eeis formew overcercapsutant 220¢ serpiconhdbictor diwl 124, iared Ry die 210. The
thickness)gijnsulafing Jayer 230,6anR& adiusied according 9 the gesion andhe £ormed
under bumps 248. Bumps 248 can also be compression bonded to
conductive layer 240. Bumps 248 represent one type of
interconnect structure that can be formed over conductive layer
240. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

Collectively, insulating layers 230, and 244,
conductive layer 240, and bumps 248 constitute a build-up
interconnect structure 249. Additional conductive and
insulating layers may be formed over insulating layer 244 prior
to forming bumps 248, to provide additional vertical and
horizontal electrical connectivity across the package according
to the design and functionality of the semiconductor device.
The assembly from FIGs. 5a-5i is singulated through insulating
layer 244, insulating layer 230, and encapsulant 220 with saw
blade or laser cutting tool 250 to create individual
semiconductor packages or Fo-WLCSP 252.

FIG. 6 shows Fo-WLCSP 252 after singulation.
Conductive layer 152 of semiconductor die 144 is electrically
connected to conductive layer 170. Conductive layer 170,

resistive layer 174, insulating layer 178, and conductive layer
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functionality of IPD die 210. An electrically conductive layer 240 is formed over insulating layer
230, IPD die 210 and semiconductor die 124. Conductive layer 240 operates as a fan-out RDL, providing
lateral redistribution for the electrical signals of semiconductor die 124 and IPD die 210. The individual
portions of conductive layer 240a-240d can be electrically common or electrically isolated depending on
the connectivity of the individual semiconductor die 124 and IPD die 210. Conductive layer 240a is
electricallPé&Ghneetdd ® CHHAUCHVE RayePi32 dof SBAHEINdUR I HE D 248 EBndtctive layer 240b is
electricallyiconnected to, conslugtive tayer 4326 semicanducigrdie 124 andeepnduetive dayer 196a of IPD

die 210. Conductive layer 240c is electrically connected to conductive layers 196b and 196d. A portion of
conductiVe e 2466 Exttnas hori2shtafy Bforfy iRSGRERg 1AEr 2307 ald dpefatelad £ aEked-inductor
bridge orgomductive: bridger praviding €lectricad iiteraonnecton bewweericonductive layers 196b and
196d. Thus, conductiveC Iaﬁlgr 240c is ilectricaéll)é gonnecte to 1g‘he, toA) i$ductor wingC 196%-196e nd
semiconductor die 144~ The'tidtalEe 67 §ap Stwieenthe Horizohtat BoftioNs o conduttiva fayers
240a-24Qd anch eanductivedayers di96a=1 9Ge,ean be €ontroliech anadjustedl by kcrazsing osdecreasing
the thickréelsgcqgrinsulillﬂ:y%ilaé/er 23 agcgrdin%g? g‘fi%enSi%n an Jlunctiog oftIF.’D di?\NZlO. Semiconductor

J]Cfil cpnnec fD [S) conauc l\E% aé/er .
packages, particularly gh-current applications, are’prone to leakage current between conductive

layers or Ué¢ices. Menehsing the distazice IDD by increadsing the thicknessrofensidatinglayerd230 provides

the ability @redu ele I%age curre tbetW(-ien anA ive layers 240a-240d and thel s 212,
semicon&uc%grnc%(g 1“&14 an %%m%g%ﬁafuectoracﬁéjﬁ Lé%fG 7ée 8\?\%31%%\7 SP %%3 Igjn%lt(lersnate
embodimeht similartblihe assembheshdwn imf G.16,cabsént theformation of eenductive layer 186b.

Conductiyg Jayer 196h i mechanically and electrically connected directly to condgtive layer 170. Directly

connecting conductive layer 196b to"conductive layer 170, without an intervening conductive layer 186b,
allows forahigher tegree of gnriforadityfor insutatinglay <178 by avoiding themneeefdr ahdan milling or

back sputteting progessdrios to. depasiting condugtive layer, 186b; Dirsctly coppecting.conductive layer
196b to conductive layer 170, without an intervening conductive layér 186b, also reduces plasma damage

on insulafif§TaEs 178 whithsactd 45 €apgaditoY dighectric hfatéfials are fErgeBLBelustrate, in

relation 1Q KlGs oL and 23-2¢; a precessiaffouning,|BDsoves g semicenductgr die-with a single inductor.
In FIG. 8a, continuing from FIG. 4e, an insulating layer 260 is formed over insulating layer 178, insulating

layer 1607 @FfiTohditictie RYEF 152 TRMgHPYD CVE: HintiHg spin toatirg Sspray cdtitd, treen printing
or laminadiea Inskiating 1ayR260 eonjains onenerMere layers,ef 3192; SiBN4,RION, 42205, Al203,
T e O O S LB L g A ST A Pr IR ES s nigher
quality and reliable IPDs.
Conductive layers 170, 186, and 196, resistive layer
174, and insulating layers 160, 178, 190, and 200 constitute a
plurality of passive circuit elements or IPDs 212 formed over
semiconductor die 144. Semiconductor die 144 are singulated to
create individual IPD die 210. 1IPD die 210 and semiconductor
die 124 are mounted over a temporary carrier 214. An
encapsulant 220 is formed over semiconductor die 124,
semiconductor die 144, and carrier 214. Encapsulant 220
provides structural support and stiffness during RDL and bump
formation. An insulating layer 230 is formed over encapsulant

220, semiconductor die 124, and IPD die 210. The thickness of

insulating layer 230 can be adjusted according to the design and
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In one embodiment, insulating layer 260 undergoes a curing process after being deposited, with a curing
temperature ranging from 165-380 C. In another embodiment, a thickness of insulating layer 260 ranges
between 5-20 pm. A portion of insulating layer 260 is removed by an etching process with a patterned
photoresist layer to create opening 262 and to expose a portion of insulating layer 178 over resistive layer
174. Alternatively, a portion of insulating layer 260 is removed by LDA using laser 264 to create opening
262 and foP&xpose s portiont indtiatinglagéP 178 over resistive layer 174. A portion of insulating layer

260 and insulating layerrl 781 aretremayved by-am gtching,process withaa pattemeghphoteresist layer to
create opening 266 and to expose a portion of conductive layer 170 outside a footprint of resistive layer

174. AlteffativeR A Porti6r of instfing Ty &0/ YeHoved BY1I9A Uiy asEr 568 fo'create opening
266 and tooexposeiasportioneaf conduetbeerlayers 123 odtsfde adaatprpiof resistive layer 174. Openings
262 and 266 can ;ave gtraigg\,tbta ered, or stepped sidewalls. . _InFIG. 8b, an electrically
conductive’la§&r 270 7S fofmed Vet Hutating ?eres,ﬁ'féif, BhdPL78} B tohdlctive layer 170 using
patterning avithcBY By €MD, spliteting, eledtralytic plating] electroless plating prosess; car totberssuitable

metal dept%sitior}1 process to form ind'évéi%téail j)%%oncsa%r %eectioTs 196a_1%6f3 Conductive layer 270 includes

one or more I%?/ersuocft,&lfff:u, @ﬁ?ﬁi, Au, Ag, or other sultable S’I%Eifrfb%ﬁy condictive material. In one

embodimeht,conduetivey layep 220 ¢s1ddppsitediusing a Suitablecselectivevcoppeo platimg process, such as
ion miIIinggé{)gg%&ggttgri%cwith agyg%blg .seeeflzaélognséjc??g Tig:u, ﬂ\lyCu, &rjg%NCCC. iIn another
E 898% ness and 15 ) h

embodiment, conductive layer as a thic etween 15 pm. & individual portions
of condudtieclay@ri270a-2766 eahbecelédtricalyrcemntoh Groelectridally isotatéd aecordiiy tofthe design

and function,of the jndividual semiconductor die, 144. A prtion of conductive layer 270a extends vertically

through opening 262, and in one embodiment, conductive layer 170, resistive layer 174, inSulating layer
178, and condactividlayer 270a formia MIM Eapacitdr. A porishiciceohdtictve fhiyer 226b axtends

vertically Jyiough oeDing. 206 19 slestrisally spnaed eonductive layer 2700 ta ondugtiygdayer 170.

Directly connecting conductive layer 270b to conductive layer 170, without an intervening conductive

layer, forekafiiple eanductivenaysr-E8bh-in MGGV alléws forcd Righet degrex st urifofmityfor insulating

layer 178 by aveidingsthe negdfor aa ian, milling pp bagk sputtering prosgss piior to,depsiting an
intervening conductive layer, and reduces plasma damage on insulating layer 178, which acts as a
Capadkw%ﬂé%%ﬂkﬁ%gmﬁ%ﬁer 230, and operates as a stacked-inductor bridge

or conductive bridge providing electrical interconnection
between conductive layers 196b and 196d. Thus, conductive layer
240c is electrically connected to the top inductor wing 196c¢c-
196e and semiconductor die 144. The distance or gap D1 between
the horizontal portions of conductive layers 240a-240d and
conductive layers 196a-196e can be controlled or adjusted by
increasing or decreasing the thickness of insulating layer 230
according to the design and function of IPD die 210.
Semiconductor packages, particularly in high-current
applications, are prone to leakage current between conductive
layers or devices. Increasing the distance D1 by increasing the
thickness of insulating layer 230 provides the ability to reduce
leakage current between conductive layers 240a-240d and the IPDs
212, semiconductor die 144, and semiconductor die 124.

FIG. 7 shows Fo-WLCSP 253, an alternate embodiment,
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Additionally, manufacturing cost and time is reduced by avoiding formation of an intervening conductive
layer such as conductive layer 186, shown in FIG. 6. The individual sections of conductive layer
270c-270e can be wound or coiled in plan-view to produce or exhibit the desired characteristics of an
inductor. Conductive layers 270c-270e form an inductor wing formed over and within a footprint of
semiconductor die 144, An insulating or passivation layer 276 is formed over insulating layer 260

and condttive fHyer 27817 YRR €V 5 A5rrting? spihcoating 25573y ‘coalifig FstrBéh bRRtRG or

laminatiope Hsutatingdayer246 camains angnarnekes layers,ef-Sid2c 5i3N4 1IN 2953 Al203, organic
polymer, or other material having similar insulating and structural properties. In one embodiment,

insulating'faef 276 UhUEfgos & UMY bFoteds BRer 48pa&iian Rt 5 tlfing ¥ Mberatlre ranging from
165-380 €i i another embedimeant, athickaess ef insulating dayer2y 6aanges betwearnn 520 pm. A

portion of insulating layer 276 is removed py an etching process with a patterned photoresist layer, to
expose c%ﬁguctweag%rt 270! &Ifé?ﬁﬁff\?erl‘fégp&?iga% trnlsfﬁ?‘at?'hagyI%f/el’l %%%D Is t’aeirfo%% l?)?EDi\ using
laser 27&togxposecondacive layerad7oity foriniFl&u Berthesadsepably frotn BiGsv4arde amnd 8a-8b is

smgulategﬂtgrorlljggén %Igtln%la er 27§1|Psulatlng I%yer 260 |Q§%%1§$ﬁ(éla¥%rolc%0ésangﬁ%v¥ stcrget 146 with

saw blade or laser cutting fool 280 té%rea%é%d‘fwdu&ﬁf@%ﬁ
depositing conductive layer 186b. Directly connecting

conductive layer 196b to conductive layer 170, without an
intervening conductive layer 186b, also reduces plasma damage on
insulating layer 178, which acts as a capacitor dielectric
material.

FIGs. 8a-8c illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming IPDs over a semiconductor die with a
single inductor. In FIG. 8a, continuing from FIG. 4e, an
insulating layer 260 is formed over insulating layer 178,
insulating layer 160, and conductive layer 152 using PVD, CVD,
printing, spin coating, spray coating, screen printing or
lamination. Insulating layer 260 contains one or more layers of
Si02, Si3N4, SiON, Ta205, Al203, organic polymer, or other
material having similar insulating and structural properties.
In one embodiment, insulating layer 260 undergoes a curing
process after being deposited, with a curing temperature ranging
from 165-380 °C. 1In another embodiment, a thickness of
insulating layer 260 ranges between 5-20 um. A portion of
insulating layer 260 is removed by an etching process with a
patterned photoresist layer to create opening 262 and to expose
a portion of insulating layer 178 over resistive layer 174.
Alternatively, a portion of insulating layer 260 is removed by
LDA using laser 264 to create opening 262 and to expose a

portion of insulating layer 178 over resistive layer 174. A
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structures described in FIGs. 4c-4e, and 8a-8c, including conductive layers 170, and 270, resistive layer
174, and insulating layers 160, 178, 260, and 276 constitute a plurality of passive circuit elements or IPDs
284 formed within IPD die 282. The IPDs 284 provide the electrical characteristics needed for high
frequency applications, such as resonators, high-pass filters, low-pass filters, band-pass filters, symmetric
HI-Q resonant transformers, and tuning capacitors, The IPDs 284 can be used as front-end wireless RF

componentE, Wiieh @an beSpostiored En1A8 anfshnand FahscivérY The ildudsi’ can be hi-Q
balun, transtermet, ok caih operatingup - Sigahertz, In semerapplications fadtiple balyrs-are

formed on a same substrate, aIIowin[% multi-band operation. For example, two or more baluns are used in

a quad-b&Ad F3rRbBilE BRBNEY of 6thet ESM TommbAiRafioRS Eathbaldn ReGsHiCAEY For a frequency

band of apgyation afttheguaddeand devieerA typieal Rfe systemeequirgs multigle IPDs and other high
frequenc itrcuits in,one or more semjconductor é)a%lfca%es to gerform E\’I%e necessa(%ele trical functions.
FIGs. 9a 91'iltustrate Vi rélatidnt5 F1G8" 1 Cand B8 56™ b Btdcedy S fofmihg & condlictive Bidge and a
fan out RIxtroverisemitanductardietandlPBRswithaesingle inductandn £¢Ge3acasubstrate or carrier 288
contains sacrificial base material such as silicon, polymer, beryllium oxide, .or other suitable low-cost, rigid
rraterial R St RO A T Toyar B QOUETE S (A8 DB 1€ ortied G T aties 268 oe o
temporary aghesiveébonding:filimgs etch2step dayes oL ezding awith insulatingy tayer 276 RRD dier282 from
FIG. 8c are positioned over rﬂd mounted to carrier 288 with Interface layer 290 using a pick and place
operations.%_ée)%%%% v%ﬁf(??nws%?at%g layer 134, semiconductor die 124 from FIG. 3c are positioned over and
mounted to carrier 288Iwith Iiterféte layer 296 wsingra pick armhglace operdtiare nsul&tingslayer 276 is

substantially Gaplapar with ﬂ%%i'%%%@y%%%%s 260, iR Spshows.a t%%%ﬂ'@@i‘@%wﬂ}%% assembly

from FIG. 9a. IPD die 282 is mounted next to semiconductor die 124 over carrier 288 with Interface layer
290. IPD Hi¢ 282 is adjpeéhttiorsemicondiict88ie T24Pand IRD i 282 is segarhteelfrydrncsemiconductor

die 124 by 3 space orgap.betyeen IR die;282 and semiconductordie 124; .1 o FIG-.9¢ shows the

assembly from FIGs. 9a-9b, focusing on a single IPD die 282, and a single semiconductor die 124. An
encapsulafPesmbldifg B6RPOERd 29258 Hepbsited d¢erPraiet282) Sefficsitdtictor™®24L dndcarrier

288 using aqaste pHALNG, compregsive molding, ransfer malding liquid enegpsilantypojding, vacuum
lamination, spin coating, or other suitable applicator. Encapsulant 292 can be polymer composite

material, ‘Stich 28-epbky r88in With filfdr, Ep8Facyfate ith feR Tripohmher witR properiifler.

Encapsulant 292 is non-cenduetivegdi emdranmentally: pratectsthe semicendusterdayice fram external
elements and contaminants. Encapsulant 292 has high volume resistivity, (e.g., greater than E14

Ohm-cm} Tow ditectié cdRstant e § < esEthanRi6), ahtbwlesSingent te.§ ) féssthan ©705).

milling or back sputtering, with a suitable seed alloy such as
TiCu, TiWCu, or TaNC. In another embodiment, conductive layer
270 has a thickness between 3 and 15 um.

The individual portions of conductive layer 270a-270e
can be electrically common or electrically isolated according to
the design and function of the individual semiconductor die 144.
A portion of conductive layer 270a extends vertically through
opening 262, and in one embodiment, conductive layer 170,
resistive layer 174, insulating layer 178, and conductive layer
270a form a MIM capacitor. A portion of conductive layer 270b
extends vertically through opening 266 to electrically connect
conductive layer 270b to conductive layer 170. Directly

connecting conductive layer 270b to conductive layer 170,
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In FIG. 9d, carrier 288, and Interface layer 290 are removed by chemical etching, mechanical peeling,
CMP, mechanical grinding, thermal bake, UV light, laser scanning, or wet stripping to expose a surface of
encapsulant 292, insulating layer 134, conductive layer 132, insulating layer 276, and conductive layer
270. Encapsulant 292 provides structural support for semiconductor die 124 and IPD die 282 after
removal of carrier 288. In FIG. 9e, encapsulant 292 is etched using a_plasma process, wet
chemical"BtERiRY ForphotBresist devebpfiR) pitcesy fo réhibve alfortiGiiof'R SGrfate of tHeldfcapsulant
292. Alternafively: aqportien pfencapsulant 292 is semeved biyd:DAdisingdaser 294 48 opergmbodiment,
a portion of the encapsulant 292, support structure 294, maintains coverage over a sidewall 224 of
insulating Ayer 184 1Slppst StiEtre 264 RsoPMairtaing coVErdyedver A sidBwalP 298 of 1PBYie 282.
Encapsulant 8921alsophas asurface 298dbat isvesticatly affsebiomi aryexposad surfaaei ofgnsulating
layer 134 and.insulating layer 276. In FIG. 9f, an insulating or passivation layer 300 is formed
ver encAiRlI o3 SAYEEH RS GBS ani TRETe ST Bubl CAID i fink 46 coating,
spray coadting, seresrhprinting erdaminationc insutatingslayer 30@ contaimnsiane. or more layers of 5102,
Si3N4, SiON, Ta205, Al203, organic polymer, or other material having similar insulating and structural
propertieé#ﬁg ﬁgﬁnés%’of&?ﬁ%fgt?n%%%ép gOG %35 b%na%djﬁé“t% alcsco}:(Jelrr%1 ) e% esﬁ%r? %1%3:1 tdnction of
IPD die 282rimoneembddiment, the thickiness of masutatingslayer 8300 sangesasetwern b=25 pm. A portion
of insulating layer. 300 is_removed b etching process with. a patterned photoresijst Layer, to expose a
portion o (a:%/ne uc%i:\é/% 'iayseti}éj ‘ﬁzla%dyg ggo'. A t'ernalPtil’lveelyl,ga(%c\)frﬁ%hl%%r insu atftlln% gygr%OO is removed by
LDA usingdaserc302/to expose & portion Bfcopductive layend32andcohddctive layen270.€Fhe resulting
vias 304 can haye & strajght, sloped, angled cwyed (or stepped sidevall. . ¢ InFIG. 99, an
electrically conductive layer 310 is formed over insulating layer 300, insulating layer 276, conductive layer
132, and coAdadtive: layer270 asingpateyring witiPvD! GV D c3puttingnelectrolytiv piting, electroless
plating pragess. orather syitable metal depesition, pracessrtodfarmdndividual, poripps pf sections
310a-310d. Conductive layer 310 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive Matéia rérné enbodinést dxhicRResofEordifctive 1831 rafgss between
3-12 pm. A partion;of conductive layer 340 gg%ﬂq;@om@lgﬁlmin@g@i@gﬁwr 39@hand parallel to
active surface 130 of semiconductor die 124 to laterally redistribute the electrical interconnect to
conductiF I5yers 32 §Rd270°EbhbdcetivEtager SPE bpefates 48 AFantU RBIXDrévViding lateral
redistributign fantheslectricalsignals of seayjcanduetor die 424:a0dJRD die 282-J hedpdividugkportions
of conductive layer 310a-310d can be electricallzy common or electrically isolated depending on the
connectivity“sfthé imdiidudrS8icoAdictor it 2% and #90 e P82 YA DortisiF of ctive layer 310a
extends thsaughi insulading dayes 3001t9-electdcalhrconnech gorduativedayer F0atercondyctive layer 132
of semiconductor die 124, A portion of conductive layer 310b extends through insulating layer 300 to

electricallly cotecEEERGUMRTE tay er S 1ObYD CORUEHE layéP 132 UF Seficontucttr did 124 and

conductiverlayes270 0P i282.ion, with a curing temperature ranging from
165-380 °C. 1In another embodiment, a thickness of insulating
layer 276 ranges between 5-20 pm. A portion of insulating layer
276 is removed by an etching process with a patterned
photoresist layer, to expose conductive layer 270.
Alternatively, a portion of insulating layer 276 is removed by
LDA using laser 278 to expose conductive layer 270.

In FIG. 8c, the assembly from FIGs. 4a-4e and 8a-8b is

singulated through insulating layer 276, insulating layer 260,
insulating layer 160, and saw street 146 with saw blade or laser

cutting tool 280 to create individual IPD die 282. The
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A portion of conductive layer 310c extends through insulating layers 300 and 276 to electrically connect
conductive layer 310c to conductive layers 270b and 270d. A portion of conductive layer 310c also
extends horizontally along insulating layer 300, and operates as a stacked-inductor bridge or conductive
bridge providing electrical interconnection between conductive layers 270b and 270d. Thus, conductive
layer 310c is electrically connected to the inductor wing 270c-270e and semiconductor die 144. The
distance BF §ap DF BétvientheMiffizontdl pBtionsof tondaeiePRyars 31053304 3Ad conductive layers
270a-27Qe-eai be costrobed osadjustedsbyuingregsing or decreasingstbe thigkness-ef insulating layer 300
according to the design and function of IPD die 282. Semicanductor packages, particularly in high-current
applicatiors> Blé proké thA85kage elrrertt BetwéA coRbctivElla§ersSsrdeliées’ IRcrBAsing the distance
D2 by incseasing $her thicknessiaf inswdating layetr 30@ provides therakility+o teducereakage current
between Sggductive Ia#%rs 310@-310d an thet PDs r'22184’ se,mics?ndﬁ::tor die 144, and semicgnguctor die
124. In FIG Soh, anin&tilatiRg of passivafior layer 31448 o Vet insliatig fayer 360 and
conductivieolayer 310 fisnguRYIDy CME, Jpricding ospin ceatihg aspray soating,rseyeen gtirtingsar lamination.

Insulatingfla?/teé314 contains one o re Iay%rs of 5102, SJf3N4 SION, Taz205, Al203,.organic polymer,

r mo
or other ma erlafﬁévinawsﬂ%ﬁ‘ésrsinsﬁlg%ﬁé ahd s?rrlljcﬁ}jrglsﬁ’ropé%tlte%.ri\’posrﬁgﬁn ‘of nstlating fayer 314 is

removedhysametchingrproséss with s patternedphotoresist layep tesexpddescaritiustivé fayen310.

Alternati\{bejé/,uasg%rtion oé insulat nl?ﬁlaxer 3%4 IS_r \lg?éjanél%ySLDA usingqhase 316 to . expose conductive

i
layer 310. FIG. 61 OSREW% e a%ggm%ﬁ/sfrom g-eéhtv%fth mujlt(fp e 1PD die 282 and

semicondmﬁdrtdjerl@ﬂl. ;A@tele@ﬂﬁicalﬂgﬁq@rdlﬁjﬂve b@mb m@?ﬂl@@tepositemeimﬁelet(w@ed
conductive laygr 310 95'”}Qa%ﬁ‘,’a_%@ﬂ%'}’oeﬂ%%tp,'y%%p'é‘&"i‘g’,e'g%%?'&%%ﬁ!;at@g’ pall deap, or screen

printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb; B1, Cu, solder, and combinations
thereof, Witlwah@ptisnal flux sohitors Hok exambie, the huhip- mbterkd tan beagsteétic BafPphigh-lead

solder, or lead:free.solder. The bump materjalis fonded,a copductive Jayer 310 using,a suitable

attachment or bonding process. In one embodiment, the bump material is reflowed by heating the
material &6vels RieROPdiHeD RR BEHSGr bunfp<I3es 1o appRations, BURps 3184re

reflowed aseconddime.to lmprove elegtrcal confact 10 ganductiyedayer310. AUBM layer can be formed
under bumps 318. Bumps 318 can also be compression bonded to conductive layer 310. Bumps 318

represent 6REBFIEST RtstEoMte @RFtRIute Thaticah e forped Bt coRttGRve lafe-3F3.Chrle
Interconneget styueture caralsouseanstud imap, IS0 BHMP, Ok other electrcaldnteregnnect.

circuits in one or more semiconductor packages to perform the
necessary electrical functions.

FIGs. 9a-9i illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming a conductive bridge and a fan out
RDL over semiconductor die and IPDs with a single inductor. In
FIG. 9a, a substrate or carrier 288 contains sacrificial base
material such as silicon, polymer, beryllium oxide, or other
suitable low-cost, rigid material for structural support. An
interface layer or double-sided tape 290 is formed over carrier
288 as a temporary adhesive bonding film or etch-stop layer.
Leading with insulating layer 276, IPD die 282 from FIG. 8c are
positioned over and mounted to carrier 288 with interface layer
290 using a pick and place operation. Leading with insulating

layer 134, semiconductor die 124 from FIG. 3c are positioned
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Collectively, insulating layers 300, and 314, conductive layer 310, and bumps 318 constitute a build-up
Interconnect structure 320. Additional conductive and insulating layers may be formed over insulating
layer 314 prior to forming bumps 318, to provide additional vertical and horizontal electrical connectivity
across the package according to the design and functionality of the semiconductor device. The assembly
from FIGs. 9a-91 is singulated through insulating layer 314, insulating layer 300, and encapsulant 292
with saw BYade 6ridsBreattifg tédl ﬁ%ﬁBﬁéatg%ﬁdi‘Wd‘h%l d&midohdtittot patkagedorBoWLESP 324.
FIG. 10 shows ReriViGaP324-afiertsingulatiam HOMWECSE 324 issinmilar tosthewassembly shown in FIG.
6, absent the formation of conductive layer 186. Conductive layer 170, resistive layer 174, insulating layer
178, and CORUBERVe AYEFP2764 Forfa MIM 84j54citbr. ‘Conductive layer 270b is electrically connected to
conductive layer 170. Birectlycconsiestiag sonductive layemn270h:to eanductve tayend Y0, witbaut an
intervening conductive layer, for e 5np,|e conductive layer 186b in FIG. 6, allows for a higher degree of
uniformity fSt insilatind Eée?i%%@ avordifg e hided &ran onTAiling oF a?&%pﬁt]e?ir?g%'ocess prior
to depositing andaterverning £€enductiveilayer; fndaedages plasma darnage da insuating layer 178, which
acts as a_capacitor_dielectric material. Additionally nufacturing cost time is reduced by avoiding
formationagf%lr? ﬁw?grviéﬂinsge(%ln%%@ec Fa?/rer%ﬁgh %lén ch:lo"?lla(’ljl(ilctl#v%%laf;g}éée 186, shown inEIG 6 The individual
sections 6fcondustive danbr @7Qc-270e datvibe woungmercoiled iy plansdewdorprodiicelorexiiBit the
desired characteristics of an. inductor. Conductive layers 170, and 270, resistive layer 174, and
insulatinga%(i/irsserlné(io ?%%8::ané%7%2c%hstitute a plurality of passive circuit elements or IPDs 284
formed over semicondiédtér diecl4h Semichadactoetiel 44 aransiidalated to-Greatefindivéduad IPD die
262. 1D e 252 g semisandudiondie 124,are.maunled.over alempaianGariel.265 /n eggapsulant
292 is formed over semiconductor die 124, semiconductor die 144, and carrier 288. Encapsulant 292
provides stroeisal suppoftrantPstifineds ¢npg ROL ahd bumplfarartiond Anvasulaiiny fAyer 300 is
formed oyenencansulant 292, semiconductoy die,124..andiRD die; 282.The tickngss of ingylating layer
300 can be adjusted according to the design and functionality of IPD die 282. An electrically
conductiirBRER 30 Keformed Iover insiddimeay80300,1PD dié 2825 afd Sehfitdridictor die 124.

Conductiyg layer 310.0perates Bsa fan-outhRDL, providing lafgral sedisiribution farths glectrical signals
of semiconductor die 124 and IPD die 282. The individual portions of conductive layer 310a-310d can be

electricalRPEUMMORYT eledticaRSsoRted dependify BR tRe tBRRECRAYRS tHe diAdEa ‘sekiconductor
die 124 anddRD.die282 Canductive; layer 810a is-elestiically gennected tq condugtivedayers132 of

semiconductor die 124. Conductive layer 310b is electrically connected to conductive layer 132 of

semicondittdrGie To4EhPEGRRICtbe tdyer 2708t PP die 822 Sondiici\i ayersrecs isv e

and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 292 has high
volume resistivity, (e.g., greater than E14 Ohm-cm), low
dielectric constant (e.g., less than 4.0), and low loss tangent
(e.g., less than 0.05).

In FIG. 9d, carrier 288, and interface layer 290 are
removed by chemical etching, mechanical peeling, CMP, mechanical
grinding, thermal bake, UV light, laser scanning, or wet
stripping to expose a surface of encapsulant 292, insulating
layer 134, conductive layer 132, insulating layer 276, and
conductive layer 270. Encapsulant 292 provides structural
support for semiconductor die 124 and IPD die 282 after removal

of carrier 288.
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electrically connected to conductive layers 270b and 270d. A portion of conductive layer 310c extends
horizontally along insulating layer 300, and operates as a stacked-inductor bridge or conductive bridge
providing electrical interconnection between conductive layers 270b and 270d. Thus, conductive layer
310c is electrically connected to the Inductor wing 270c-270e and semiconductor die 144. The distance or
gap D2 between the horizontal portions of conductive layers 310a-310d and conductive layers 270a-270e
can be controlled or adjisted By inCreaSHget UkFEasing the- thickreds Of Wistisding Byér360 according
to the degignanglfungtion ehlRD die1282 Semigpnducton packagess padisutartydn high-eduents
applications, are prone to leakage current between conductive layers or devices. Increasing the distance
D2 by incr8adiffINE tHickidss otinsUiathg’ Ry EFS60 providiés HECABIIfY 16 Peddc leakage current
between zonducibeilayers,310a:3100 and e HR2%884,13emiconducter diembAd ansksarmiconductor die
124. . FIGs. lla-lIb %I‘I trate, in relation fo FIGs. 1, and 2a-2c, a Eroc ss of forming a temporary
planarizafitn 1&yerbver a %J D and'a SemiCSHRBSIAE InFF e hat 28nf if§ from FIG. 8b, a temporary
planarization dayer 13:304s formeds aperdnsulating tayer 278%9hd eanductve tayes 24 0using spin coating,
spray coating, printing, lamjnation, PVD, CVD, sintering, or thermal oxidation. In one embgdiment,
oz GO IS 5D i Bboiad B ALK o & Shor 118 i o on A eLor Wird: TAb without
patterning 1l Flee planarization layee 830€ontaims ene odmare layers of 5102PSEBNA, 510N, Ta205, Al203,
BOB, P1,,RBO, polymer mayrix dielectrc fim, grgapic polymer fim, orather materia) having simjar
insulating or structural properties. In one embodiment, planarization layer 330 has a thickness of 1 pm. In
FIG. 11bftherassentoty isssidgetatdchtheodgh plamatizatiorvlayer 830, liAdulating fayer 2781 imsulating layer
260, insuiagp&]aﬁ%lﬁo, and saw street 146 with saw blade or laser cutting tool 332 to create individual
IPD die 340 with planarization layer 330 formed over IPD die 340. The structures described in
FIGs. 4c-4e, 8a-8b, andrlaELth, ifdluding conduédtivel yers 1 76 V270, Tesistve layeP 474 sand
insulating:laygrs160,.1.78, 260,,and 276 constitute.a plwality of passive circuit elementsordPDs 342
formed within IPD die 340. The IPDs 342 provide the electrical characteristics needed for high frequency
applicatiots? sUéh &g réYohatorsl highcpadsifilters SBWepasiliets, baitlkpasS AltdrsNdymmetric HI-Q

resonant fransformers -and,ning eapaciiors. Jipe IPRS:342 can beused.assisant-end wirgless RF
components, which can be positioned between the antenna and transceiver. The inductors can be hi-Q

balun, trefifsforifermer Soilt dpeFatingiup 200 SigatfertS HYSomediplicafidris) mulfiplédaténs are
formed opsusame substraten aiowingapultizband,operation.ifarexamplea e, gr meake baluns are used in
a quad-band for mobile phones or other GSM communications, each balun is dedicated for a frequency

band of operatiosftheRfRREBANE devicd & typical RIE &jsteim rdutites mMbplkABDs artPother high
frequency gircuits NONEsBkMOke: seMICONEIUEOr iaskages tthperfernt the-recassary eleptricakfunctions.
FIGs. 12a—éL2h, lllustrate, in relation to FIGs. 1, and 2a-2c, a process of formjng a Fo-WLCSP with a
conductive Bridge 3nd'ah RBLErHIET bverPDs-and §8micontlictor dife- ith 2veriéa offeet. In FIG. 12a,
a substrate ngearries Sddontains sasarificial hasednateriar suetsas stican, pelywer,3uyyllivm oxide, or
other suitable Iow-c%st, riglid material for structural su&port. An Interfacg layer or doubl%-sided tape 346

removed by an etching process wil a patterned photoresis

layer, to expose a portion of conductive layers 132 and 270.

Alternatively, a portion of insulating layer 300 is removed by

LDA using laser 302 to expose a portion of conductive layer 132

and conductive layer 270. The resulting vias 304 can have a

straight, sloped, angled, curved, or stepped sidewall.

In FIG. 9g, an electrically conductive layer 310 is
formed over insulating layer 300, insulating layer 276,

conductive layer 132, and conductive layer 270 using patterning

with PVD, CVD, sputtering, electrolytic plating, electroless
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Is formed over carrier 344 as a temporary adhesive bonding film or etch-stop layer. Leading with
insulating layer 276, IPD die 340 from FIG. lIb are positioned over and mounted to carrier 344 with
Interface layer 346 using a pick and place operation. Leading with insulating layer 134, semiconductor die
124 from FIG. 3c are positioned over and mounted to carrier 344 with Interface layer 346 using a pick and
place operation. Because planarization layer 330 is formed over insulating layer 276, insulating layer 276

is verticalty 8ff¢&tdréth drsitating lay8F 284 byah-aradGinf it t6' @tAitcknés< oPplanarization layer 330.
Thus, insgiatingilayer276.and fisutatingdayer 534-arenen-planarsAdditionally, skl wie 340 is vertically
offset from insulating layer 134 of semiconductor die 124 by an amount equal to the thickness of
planarizajfiaﬁefgye%%o?an Pe 16, £2b LR the G5Sermblyflom FiG. 134, fStusingor™d single IPD die
340, and @rsipglesseniconducter dieckt: Arsencapsutant of maldingwompound 3%0 isrdeposited over
IPD die 340, sgmiconductoré%,df, End carrier 344 using a aﬁe grinti , compressiv% molding, transfer
molding, Tgia eitabsalaft Mblding SVacutm ARG, ‘Spin & gﬁn; ¥ otherKiitable-45siicator.
Encapsulant 35Qcan e palymes composiie dnatetiak suelyas epory ¢esin nwith filler,iepoxyadcrylate with
filler, or po{ymer with

proper filler. Encapsulant 350 is non-conductive and environmentally protects the
somicon B e e N e ot E AL e St s ST T vBltme
resistivitys ¢e.gc grdater thrarikEd4 OHimiom)] dove dieléctric ednstant (e1g s lessthah<c@); and low loss

tangent (e.g., less than 0.05). I .FlG.i.ZC carri §44,a dz erface layer 346 are removed by
chemical etc eﬁgo %%%ﬁgnigél pceoerfi%lé,cgms mggﬁé:nslcgggrinad?r%, tfl?grinal?g% ée{ulCJ ?@%tﬁ]%&r scanning,
or wet stripgpingteerpese a sugfateof entapstlant850y insutatingplager 134, cshneuctveilayen 132, and

planarizafign layer 330, EPP?B%‘anQH%%%Ersol"r{;‘ilfss%%%%@é%@%@t farsemigonductordie 24 and IPD

die 340 after removal of carrier 344. IG. 12d, encapsulant 350 is etched using a plasma
process, Wet cheical etching,dorphdeeresiseaevelbpingsrecesy o reneve a poatiohldfca satface of the

encapsulgnt 280 Alternatively. 2 portion of encapsylant. 350 is;removed by,LDA using laser 352. In one

embodiment, a portion of thé encapsulant 350, support structure 354, maintains coverage over a sidewall
224 of inSWaMSS fayét 184 °Suppert sideftte! B84 afmanitaing koverbge dvet asidewdl 386%f IPD die

340. Encapsulani,350 alsohias& surfaes, 388 (hatis yertically offsetfrom an-expased surface of insulating
layer 134 and Elanarization layer 330.
insulating layer 300 to electrically connect conductive layer

310a to conductive layer 132 of semiconductor die 124. A
portion of conductive layer 310b extends through insulating
layer 300 to electrically connect conductive layer 310b to
conductive layer 132 of semiconductor die 124 and conductive
layer 270a of IPD die 282.

A portion of conductive layer 310c extends through
insulating layers 300 and 276 to electrically connect conductive
layer 310c to conductive layers 270b and 270d. A portion of
conductive layer 310c also extends horizontally along insulating
layer 300, and operates as a stacked-inductor bridge or
conductive bridge providing electrical interconnection between
conductive layers 270b and 270d. Thus, conductive layer 310c is
electrically connected to the inductor wing 270c-270e and
semiconductor die 144. The distance or gap D2 between the

horizontal portions of conductive layers 310a-310d and
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In. FIG. 12e, planarization layer 330 is removed by wet chemical stripping process, or an etching process
with a patterned photoresist layer, to expose insulating layer 276 and conductive layer 270. An insulating
or passivation layer 360 is formed over encapsulant 350, semiconductor die 124, and IPD die 340 using
PVD, CVD, printing, spin coating, spray coating, screen printing or lamination. Insulating layer 360

contains one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, organic polymer, or other material
having siﬁﬁl%ijﬁ%ﬁjra‘fﬁlg{'fr%%t?uﬁdpa?D?Jp%?rti@ﬁn be  copfethickéss of ftsutatingdayer 360 can be

adjusted ageerding tothedesign-ang funstionof tRDHie 349. nsulatinglayer360 has a figgtghickness Ti
in a peripheral region or outside a footprint of IPD die 340. In one embodiment, thickness Ti of insulating

layer 360744 TanGe bewdkn 528 5. Maliating Tayet 360 has & setbnd tHickness 12 within a footprint

of IPD dig 340cdhickness 12 isgreater, thaa thicknass-Tibyi an amgunt equakto the thickness of

planarization Jayer 330. The thickness 12 of insulgtin layer 360 can be aggusted ino?le endently from, or in
r )

addition B the thickh288 Ti 3F stifating 1aye By Increhsing or teciEading tHE thickhéss of
planarizatiagp dayer 330caccording to the-desighanddfhactionsobthesenicogductardevdde.g the A

portion o 'nsuk%tin layer 360 is removed py an e § rocess with.a patter e% photoresist layer to
expose c%lkrlujjﬁc flveeglayé?rtr 132 Sﬁé %%ﬁaﬁcu%%%&eg %gp,%?e‘?ﬁé%vsel)%haepggﬂéglo ¥nstu?at|rneggllé§:/gr 360 is
removed bydkRAwsngriaser362 tovexposeocohductive layey 432 andicortduttive teyer270IFhe resulting

vias 364 gan haye astraigit. sloped; anglgd, orstgrped Sldewallt or die 124.

In FIG. 9h, an insulating or passivation layer 314 is
formed over insulating layer 300 and conductive layer 310 using
PVD, CVD, printing, spin coating, spray coating, screen printing
or lamination. Insulating layer 314 contains one or more layers
of Si02, Si3N4, SiON, Taz205, Al203, organic polymer, or other
material having similar insulating and structural properties. A
portion of insulating layer 314 is removed by an etching process
with a patterned photoresist layer to expose conductive layer
310. Alternatively, a portion of insulating layer 314 is
removed by LDA using laser 316 to expose conductive layer 310.

FIG. 91 shows the assembly from FIGs. 9a-9h with
multiple IPD die 282 and semiconductor die 124. An electrically
conductive bump material is deposited over the exposed
conductive layer 310 using an evaporation, electrolytic plating,
electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and
combinations thereof, with an optional flux solution. For
example, the bump material can be eutectic Sn/Pb, high-lead
solder, or lead-free solder. The bump material is bonded to
conductive layer 310 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 balls or
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In FIG. 12f, an electrically conductive layer 366 is formed over insulating layer 360, insulating layer 276,
insulating layer 134, conductive layer 132, and conductive layer 270 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process to
form individual portions or sections 366a-366d. Conductive layer 366 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one embodiment, a thickness of

conductivéayér 366 randes FétieePR42 Pt 12 P rtiondiondbictive fayer 366 &xterfiis horizontally

along insylatisgdayer360-and paradiebtoactiversiktace dsb-efsenisonductacdied2 4 toylaterally
redistribute the electrical interconnect to conductive layers 132 and 270. Conductive Ia?:(er 366 operates

as a fan-GuCRDL> pFOvNtinG Yateraf PEdiSFibhaoA TS tHBERECtitaITgnals of sEMiddnhddctor 9 124 and
IPD die 340sd hedndividuakpertions 06 carduativedayeriztbinr366d ¢an be edectriealty-commen or
electrically isolated depending on the connectivity of the individual semiconductor die 124 and IPD die
340. A po'};ﬁBE %?%SEdl?&ﬁ/eﬁ%%er a &xtehds Hishgh ?rFsWaft%ﬁ%y&ﬁééo 5 Blebficafly Bohnect
conductiveriayer366a ta cerductiyetayerd.32 afrsemicorduciandietl 24t Aupartioa of eonduacitve layer

366b extends through insulating layer, 360 to electrically connect conductive layer 366b to conductive
ayer 192 5 SeTHASMAULIBY b Eo4 i BBl e 15 ST of P e BT o4 porion of
conductive layer 366c¢ éxtehds throagh insulating:layers 36Q and 2760p electriGdll, connect conductive

layer 366¢ to ¢on uctive layers and 270d. A oti of canductive la r 366 also extends
horizonta(ﬁ?/ a%ncggfh\éﬁlaeﬁ% ?é:ye%r%i?%g'o, %ﬂé o%%rpgtgs %gg stac %&L-llcﬁ%uect(% (E)brllldlgegorugonductive bridge
providingieleetricalintertomiectionbetweén conddctivellayers 270blared 27@d affsus, conductive layer

366c is elgetrically gonnegled,tg the Inuctar wing 270¢:370g,and semiconductar dig l“?ﬂ*&%diﬂame or

gap D3 between the horizontal portions of conductive layers 366a-366d and conductive layers 270a-270e
can be cémtrdlifearorrjistag HyIacreasingroraiccieasing thel thickhesses Tiaad a2bf insulating layer

360 accordipg 1o the design angsfunetion gt IED dig;340. [emicondyctor, packages, padicylarly in

high-current applications, are prone to leakage current between conductive layers or devices. Increasing
the distariée DBDhyiREreEsint thelthiekhessesl TitahdPE2 bRmsaRtingIayer 360 préviteshe ability to

reduce lepkagg CyLRRE between coneuctive layers 36633664 andthePDs342; semicandugtor die 144,
and semiconductor die 124. In FIG. 12g, an insulating or passivation layer 368 is formed over

insulating- BY8F 360 anddoridbiive Ryt 366 usiy PPB C Brinting Spik toating ’spray coating,

screen prnting-ollamination. dasulating layen 368 gontaing-ane or mareJayars of S102, SI3N4, SION,
Ta205, Al203, organic polymer, or other material having similar insulating and structural properties. A

portion of rHRNAG 1&)er3637s Femoved by dh ichitly proéess with a patterned photoresist layer to
expose a portion of corductivedayers3es. Adternativiely a4pertiea of mMistiatingdayer.368-isremoved by

LDA usinglaser 37010, 8xR0se 4 Roren o condugive ayer 0o

¥ shown in FIG. 6, absent the
formation of conductive layer 186. Conductive layer 170,
resistive layer 174, insulating layer 178, and conductive layer
270a form a MIM capacitor. Conductive layer 270b is
electrically connected to conductive layer 170. Directly
connecting conductive layer 270b to conductive layer 170,
without an intervening conductive layer, for example conductive
layer 186b in FIG. 6, allows for a higher degree of uniformity
for insulating layer 178 by avoiding the need for an ion milling
or back sputtering process prior to depositing an intervening

conductive layer, and reduces plasma damage on insulating layer

178, which acts as a capacitor dielectric material.
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FIG. 12h shows the assembly from FIGs. 12a-12g with multiple IPD die 340 and semiconductor die 124.
An electrically conductive bump material is deposited over the exposed portion of conductive layer 366
using an evaporation, electrolytic plating, electroless plating, ball drop, or screen printing process. The
bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bumpfidterialid bondetas cbnadhative Ry Ersée a8yt EGitate AR AEMRENPSr Boitiflg Process. In
one embediment.ithe kump materalis seflowed by heating the mpterial abpve dtsdpelting point to form
balls or bumps 374. In some applications, bumps 374 are reflowed a second time to Improve electrical
contact td e8fductive layer38s. WUBN tayRr can be foRfed thdél bGmps $72S Bumps 374 can also be
compressiondondeddo cenductyvedayer/des. Bumps 3vérepresentena ipeief Ipteseornest structure
that can be formed over conductj\r%)e, IayngGg. The Interconnect structure can also use stud bump, micro
bump, or SthEF QeBfficaltérécinadt. “1C IeEbhisttively iisutaing iayss 560, Hhd 368, conductive
layer 366; anddimps 374 constitute a build-up Interconnect structure 376. Additional conductive and
insulating layers may be formed over insulating.layer 368 priar.to forming humps 374, to.provide
additional vertical and Sﬁg&nﬁglléflgct%i%g%osnnle?:iﬁl\’/ityaggroéz ?He Egg%aggtelgf:ec;é‘i)ﬁ(a% ]tr;l{eg design and
functionaditydofithe seaticorgducioredeyides Mhelassendtsly froam & G.7E2lrisrsingulatesl tarough insulating
layer 368, jnsulating layer 360, and encapsulant 350 with saw bl or laser cutting tool 378 to create
individua %élnﬁﬁc%ﬁrgﬁct%%p glfafgle\éeorcl'—lPWE%SE’%%EJG.D}]ES or 713 %%%W%% 6“vﬂ_8§5r380 after
singulaticreFoVWWhGSPL380 isisimildrito thecassembly stown i FIG 4H0,awith a vettichd bffdettisetween IPD
die 340 ang.semicondyctordie|124, Conduictiys layer 170, tesistive layer 174, insulatinglayer 178, and
conductive layer 270a form a MIM capacitor. Conductive layer 270b is electrically connected to
conductivElRiyer 7@ 1Birectlydortheeting condestiverlayer ZZ0b toecontfiigtive fayer 170 without an
intervening, conductiye layesy for example. conductive layer 186b.in F1G; 6, avoids the need for an ion
milling or back sputtering process prior to depositing the intervening conductive iayer, which allows for a
higher detft@é eP DAY ot tstifetingABfecErs. Bitectl§y TonnEetivg edrduttivé Jayer 270b to

conductive-layer 1 20 withgut ap intervening-conductive |ayerfor example, copdugtive laygr186b in FIG.
6, also reduces plasma damage on insu ating layer 178, which acts as a capacitor dielectric material. The

individuaF $&¢ths Ut confitictiveSlayer270t-2706 Ean B weurid 6RESIiRpl&A-vEw th- froduce or

exhibit thegdesiredcharearstics of an indugtotng 1pp Garductive layers 170; ard 40, kgsistive layer
174, and insulating layers 160, 178, 260, and 276 constitute a plurality of passive circuit elements or IPDs

342 formad DVeR Safitohtiitor s 194 1A Rmporaty pishatization fayer 33076 design and

functionality of IPD die 282.

An electrically conductive layer 310 is formed over
insulating layer 300, IPD die 282, and semiconductor die 124.
Conductive layer 310 operates as a fan-out RDL, providing
lateral redistribution for the electrical signals of
semiconductor die 124 and IPD die 282. The individual portions
of conductive layer 310a-310d can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die 124 and IPD die 282. Conductive
layer 310a is electrically connected to conductive layer 132 of
semiconductor die 124. Conductive layer 310b is electrically
connected to conductive layer 132 of semiconductor die 124 and

conductive layer 270a of IPD die 282. Conductive layer 310c is
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formed over IPDs 342. Semiconductor die 144 are singulated to create individual IPD die 340. IPD die
340 and semiconductor die 124 are mounted over a temporary carrier 344. An encapsulant 350 is formed
over semiconductor die 124, semiconductor die 144, and carrier 344. IPD die 340 is vertically offset from
insulating layer 134 of semiconductor die 124 by an amount equal to the thickness of planarization layer
330. Encapsulant 350 provides structural support and stiffness during RDL and bump formation. An
insulating H5/6F 36675 foFmd B ehidapSulARTSST; Sefficordiicior did 24+ Ad 4P Erdie 340, The
thickness-efrinsulating layer 360:cande adiustesh accosding ta the desigprangifunctionaliy of IPD die 340.
An electrically conductive layer 366 is formed over insulating layer 360, IPD die 340 and semiconductor
die 124. EBARAUGENEy P68 opdrateS RS aTRAGUE RDIE Drovidingsftarrediktittitidn ol #e electrical
signals obseminonductordiet24anddPbudie 349. $hedndividual pertiens oh cenduciive layer 366a-366d
can be egoectricallécommon or, elecﬁricall)é Is?é%tgd derF ng'@@%on the connectivity of the individual
semicondUict8Fdie 1745 iPD Gie 3246 Corfductive é%e a is eletirically EOhRECiEd o enductive
layer 1323aftgemisonductordiezl24y Canductive thyes 366b i electrically wonnected de zdnductive layer
132 of serrgligog%l#ncigr dig 1c2C4 q:n%conquélciive Iq%eer 2 Oa,c%;c I(F:’eD dig 340. ngdﬁﬁjgtciv%gxe g6c is
electricalﬁ/ Connected to conductive ?ayers 270band dA porﬁon of onduc |veVTayer C extends
horizontatly alorgninsulating tayer 860f androperates @sla stacked-inductdrdridgedor conductive bridge
providing electrical.interconnectio tw conductjve layers 270b and 270d._Thus, conductive layer
366¢ is efe%?r%cua I%lc\é%n%gt\é%rig tlge r?du%?grewﬁl%nz Oec-fgé etgr?&oggﬁigornﬁj%gours |eé §4§y The
distance ongap &3 betweendthehorizontal porionsicficondactive layersl366a:868d and conductive layers
270a-270¢. a0 e conirgliedor adysied b inceeasing ardearessipg e tighnesses Tiand 12 of
insulating layer 360 according to the design and function of IPD die 340. Semiconductor packages,
particulafieiniisigh<tusiedt applidations, akeagrohe 4o seakagercuient betwa@nonductive layers or

devices. Increasing the distance D3 by inersasing,the thicknesses Tiang 12 of insulating layer 360

provides the ability to reduce leakage current between conductive layers 366a-366d and the IPDs 342,
semicondiict6r die A4 47 ald Seficoddutisrdien24t he  disragmntaty P séRficritets deVice has a

first semicgndyctasdie(semiconductar die 144). Astirst inductordBoiter indygtor wing,186¢r186d) is
formed over the first semiconductor die (semiconductor die 144). A second inductor (top inductor wing

196¢-196 & foF et dvet the fifst HIRRIttGOMBOREMLRBUSRY Wity 1866-1868F ard AlighEd Withhe first
inductor (hettomsinduetor aving 4861864} An insylatingilayeldinswating:layen230) is formed over the
first semiconductor die (semiconductor die 144) and the first and second inductors (bottom inductor wing

186¢-186d; top inductdr Wiflg 1968-1068) 1A tBRGEGIVR bridye- (cbAdtEtverayErte40c) s fétited over the
insulating layer (insulgting layer 280) and electricallygenngetedieiween the seeondinsuctosdtop
inductor wing 196c-196€) and the first semiconductor die (semicaonductor die 144). The semiconductor
device fufther MIRHES & sEETHSSAIIEohanctdr Bie (sehiédittuctdrdie G227 'A CoRdudivdiayer
(conductive dayes1240h) tsformedbetween dhe fiest and segond sepicanductandia (semiconductor die
144; semjconductor die 124). A acitor, (conductive layer 170, resistive layer 174, insulating layer 178,
and condticive FybP 485y Tofmed Budr (R fHr T Lve Laver 210 GsThg <pin

coating, spray coating, printing, lamination, PVD, CVD,

sintering, or thermal oxidation. In one embodiment,

planarization layer 330 is applied as a blanket layer over the

entire semiconductor wafer 140 without patterning. The

planarization layer 330 contains one or more layers of Si0O2,

Si3N4, SiOn, Ta205, Al1203, BCB, PI, PBO, polymer matrix

dielectric film, organic polymer film, or other material having

similar insulating or structural properties. In one embodiment,

planarization layer 330 has a thickness of 1 pm. In FIG. 1llb,
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semiconductor die (semiconductor die 144). The insulating layer (insulating layer 290) can have a first
thickness (thickness Ti) outside a footprint of the first semiconductor die (semiconductor die 144) and a
second thickness (thickness 12) greater than the first thickness (thickness Ti) over a footprint of the first
semiconductor die (semiconductor die 144). The thickness of the insulating layer (insulating layer 230)
can range between 5 and 25 pm. An encapsulant (encapsulant 220) is formed over the first
semicondittordie (8emicohduttor die- 2447 Ehr ouginiRl6RE br- Afdré Embddifments’ S the present
inventionihavelbeenmijustsated in detail; the.skiltadartisapavill appreciatethatmedificatjens and
adaptations to those embodiments may be made without departingifrom the scope of the fr%s3e2nt

invention'ds set6fth fitthe*foliGiwing' daints: Elaimg blade or daser cutting too

to create individual IPD die 340 with planarization layer 330
formed over IPD die 340.

The structures described in FIGs. 4c—-4e, 8a-8b, and
1lla-11b, including conductive layers 170, and 270, resistive
layer 174, and insulating layers 160, 178, 260, and 276
constitute a plurality of passive circuit elements or IPDs 342
formed within IPD die 340. The IPDs 342 provide the electrical
characteristics needed for high frequency applications, such as
resonators, high-pass filters, low-pass filters, band-pass
filters, symmetric Hi-Q resonant transformers, and tuning
capacitors. The IPDs 342 can be used as front-end wireless RF
components, which can be positioned between the antenna and
transceiver. The inductors can be hi-Q balun, transformer, or
coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed on a same substrate, allowing multi-
band operation. For example, two or more baluns are used in a
quad-band for mobile phones or other GSM communications, each
balun is dedicated for a frequency band of operation of the
quad-band device. A typical RF system requires multiple IPDs
and other high frequency circuits in one or more semiconductor
packages to perform the necessary electrical functions.

FIGs. 12a-12h, illustrate, in relation to FIGs. 1, and
2a-2c, a process of forming a Fo-WLCSP with a conductive bridge
and an RDL formed over IPDs and semiconductor die with a
vertical offset. In FIG. 1l2a, a substrate or carrier 344
contains sacrificial base material such as silicon, polymer,
beryllium oxide, or other suitable low-cost, rigid material for

structural support. An interface layer or double-sided tape 346
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a first
semiconductor die; forming a first inductor over the first semiconductor die; forming a second inductor
over the first inductor and aligned with the first inductor; forming an insulating layer over the first
semiconductor die and the first and second inductors; and

is formed over carrier 344 as a temporary adhesive bonding film
or etch-stop layer. Leading with insulating layer 276, IPD die
340 from FIG. 1llb are positioned over and mounted to carrier 344
with interface layer 346 using a pick and place operation.
Leading with insulating layer 134, semiconductor die 124 from
FIG. 3c are positioned over and mounted to carrier 344 with
interface layer 346 using a pick and place operation. Because
planarization layer 330 is formed over insulating layer 276,
insulating layer 276 is vertically offset from insulating layer
134 by an amount equal to a thickness of planarization layer
330. Thus, insulating layer 276 and insulating layer 134 are
non-planar. Additionally, IPD die 340 is vertically offset from
insulating layer 134 of semiconductor die 124 by an amount equal
to the thickness of planarization layer 330.

FIG. 12b shows the assembly from FIG. 12a, focusing on
a single IPD die 340, and a single semiconductor die 124. An
encapsulant or molding compound 350 is deposited over IPD die
340, semiconductor 124, and carrier 344 using a paste printing,
compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, spin coating, or other suitable
applicator. Encapsulant 350 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or
polymer with proper filler. Encapsulant 350 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 350 has high
volume resistivity, (e.g., greater than E14 Ohm-cm), low
dielectric constant (e.g., less than 4.0), and low loss tangent
(e.g., less than 0.05).

In FIG. 12c, carrier 344, and interface layer 346 are
removed by chemical etching, mechanical peeling, CMP, mechanical

grinding, thermal bake, UV light, laser scanning, or wet
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forming a conductive bridge over the insulating layer and electrically connected between the second

inductor and the first semiconductor die. 2. The method of claim 1, further including: providing a second
semiconductor die; and forming a conductive layer between the first and second semiconductor die.
3. The method of claim 1, wherein the insulating layer has a first thickness outside a footprint of the first

semiconductor die and a second thickness greater than the first thickness over a footprint of the first
sanmonﬁﬁﬁdpﬁéng to expose a surface of encapsulant 350, insulating

layer 134, conductive layer 132, and planarization layer 330.
Encapsulant 350 provides structural support for semiconductor
die 124 and IPD die 340 after removal of carrier 344.

In FIG. 12d, encapsulant 350 is etched using a plasma
process, wet chemical etching, or photoresist developing process
to remove a portion of a surface of the encapsulant 280.
Alternatively, a portion of encapsulant 350 is removed by LDA
using laser 352. In one embodiment, a portion of the
encapsulant 350, support structure 354, maintains coverage over
a sidewall 224 of insulating layer 134. Support structure 354
also maintains coverage over a sidewall 356 of IPD die 340.
Encapsulant 350 also has a surface 358 that is vertically offset
from an exposed surface of insulating layer 134 and
planarization layer 330.

In. FIG. 12e, planarization layer 330 is removed by
wet chemical stripping process, or an etching process with a
patterned photoresist layer, to expose insulating layer 276 and
conductive layer 270. An insulating or passivation layer 360 1is
formed over encapsulant 350, semiconductor die 124, and IPD die
340 using PVD, CVD, printing, spin coating, spray coating,
screen printing or lamination. Insulating layer 360 contains
one or more layers of Si02, Si3N4, SiON, Ta205, Al1l203, organic
polymer, or other material having similar insulating and
structural properties.

The thickness of insulating layer 360 can be adjusted
according to the design and function of IPD die 340. Insulating
layer 360 has a first thickness Tl in a peripheral region or
outside a footprint of IPD die 340. 1In one embodiment,
thickness Tl of insulating layer 360 has a range between 5-25

pm. Insulating layer 360 has a second thickness T2 within a
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4. A method of making a semiconductor device, comprising: providing a first semiconductor die; forming a
first inductor over the first semiconductor die; and forming a second inductor over the first inductor
and aligned with the first inductor.

footprint of IPD die 340. Thickness T2 is greater than
thickness Tl by an amount equal to the thickness of
planarization layer 330. The thickness T2 of insulating layer
360 can be adjusted independently from, or in addition to, the
thickness Tl of insulating layer 360, by increasing or
decreasing the thickness of planarization layer 330 according to
the design and function of the semiconductor device.

A portion of insulating layer 360 is removed by an
etching process with a patterned photoresist layer to expose
conductive layer 132 and conductive layer 270. Alternatively, a
portion of insulating layer 360 is removed by LDA using laser
362 to expose conductive layer 132 and conductive layer 270.

The resulting vias 364 can have a straight, sloped, angled, or
stepped sidewall.

In FIG. 12f, an electrically conductive layer 366 1is
formed over insulating layer 360, insulating layer 276,
insulating layer 134, conductive layer 132, and conductive layer
270 using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections 366a-
366d. Conductive layer 366 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive
material. In one embodiment, a thickness of conductive layer
366 ranges between 3-12 pm. A portion of conductive layer 366
extends horizontally along insulating layer 360 and parallel to
active surface 130 of semiconductor die 124 to laterally
redistribute the electrical interconnect to conductive layers
132 and 270. Conductive layer 366 operates as a fan-out RDL,
providing lateral redistribution for the electrical signals of
semiconductor die 124 and IPD die 340. The individual portions

of conductive layer 366a-366d can be electrically common or
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5. The method of claim 4, further including: forming an insulating layer over the first semiconductor die
and the first and second inductors; and forming a conductive bridge over the insulating layer and
electrically connected between the second inductor and the first semiconductor die. 6. The method of
claim 5, wherein the insulating layer has a first thickness outside a footprint of the first semiconductor die

and a second thickness greater than the first thickness over a footprint of the first semiconductor die. 7.
Therneﬂﬁﬁ?&ﬁﬁ&ﬁ?ﬁlﬁn&%?ﬁﬁ%ﬁﬂn&?pending on the connectivity of the

individual semiconductor die 124 and IPD die 340. A portion of
conductive layer 366a extends through insulating layer 360 to
electrically connect conductive layer 366a to conductive layer
132 of semiconductor die 124. A portion of conductive layer
366b extends through insulating layer 360 to electrically
connect conductive layer 366b to conductive layer 132 of
semiconductor die 124 and conductive layer 270a of IPD die 340.

A portion of conductive layer 366c extends through
insulating layers 360 and 276 to electrically connect conductive
layer 366c to conductive layers 270b and 270d. A portion of
conductive layer 366c also extends horizontally along insulating
layer 360, and operates as a stacked-inductor bridge or
conductive bridge providing electrical interconnection between
conductive layers 270b and 270d. Thus, conductive layer 366cC is
electrically connected to the inductor wing 270c-270e and
semiconductor die 144. The distance or gap D3 between the
horizontal portions of conductive layers 366a-366d and
conductive layers 270a-270e can be controlled or adjusted by
increasing or decreasing the thicknesses Tl and T2 of insulating
layer 360 according to the design and function of IPD die 340.
Semiconductor packages, particularly in high-current
applications, are prone to leakage current between conductive
layers or devices. Increasing the distance D3 by increasing the
thicknesses Tl and T2 of insulating layer 360 provides the
ability to reduce leakage current between conductive layers
366a—-366d and the IPDs 342, semiconductor die 144, and
semiconductor die 124.

In FIG. 12g, an insulating or passivation layer 368 is
formed over insulating layer 360 and conductive layer 366 using

PVD, CVD, printing, spin coating, spray coating, screen printing
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providing a second semiconductor die; and forming a conductive layer between the first and second
semiconductor die. 8. A semiconductor device, comprising: a first semiconductor die; a first inductor
formed over the first semiconductor die; a second inductor formed over the first inductor and aligned with
the first inductor;

or lamination. Insulating layer 368 contains one or more layers
of Si02, Si3N4, SiON, Taz205, Al203, organic polymer, or other
material having similar insulating and structural properties. A
portion of insulating layer 368 is removed by an etching process
with a patterned photoresist layer to expose a portion of
conductive layer 366. Alternatively, a portion of insulating
layer 368 is removed by LDA using laser 370 to expose a portion
of conductive layer 366.

FIG. 12h shows the assembly from FIGs. 12a-12g with
multiple IPD die 340 and semiconductor die 124. An electrically
conductive bump material is deposited over the exposed portion
of conductive layer 366 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 366 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
balls or bumps 374. In some applications, bumps 374 are
reflowed a second time to improve electrical contact to
conductive layer 366. A UBM layer can be formed under bumps
374. Bumps 374 can also be compression bonded to conductive
layer 366. Bumps 374 represent one type of interconnect
structure that can be formed over conductive layer 366. The
interconnect structure can also use stud bump, micro bump, or
other electrical interconnect.

Collectively, insulating layers 360, and 368,
conductive layer 366, and bumps 374 constitute a build-up

interconnect structure 376. Additional conductive and
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an insulating layer formed over the first semiconductor die and the first and second inductors; and a
conductive bridge formed over the insulating layer and electrically connected between the second
inductor and the first semiconductor die. 9. The semiconductor device of claim 8, further including: a
second semiconductor die; and a conductive layer formed between the first and second
semiconductor die. 10. The semiconductor device of claim 8, wherein the insulating layer has a first

thickness S5ttt RSbtprtedt thE irst RenfiCoMRBIOIERE ahdSy SECoTPthickAREs GréatBF i the first
thickness-evera-feotprinahthe first semicandbigiordiedditional vertical and

horizontal electrical connectivity across the package according
to the design and functionality of the semiconductor device.
The assembly from FIG. 12h is singulated through insulating
layer 368, insulating layer 360, and encapsulant 350 with saw
blade or laser cutting tool 378 to create individual
semiconductor packages or Fo-WLCSP 380.

FIG. 13 shows Fo-WLCSP 380 after singulation. Fo-
WLCSP 380 is similar to the assembly shown in FIG. 10, with a
vertical offset between IPD die 340 and semiconductor die 124.
Conductive layer 170, resistive layer 174, insulating layer 178,
and conductive layer 270a form a MIM capacitor. Conductive
layer 270b is electrically connected to conductive layer 170.
Directly connecting conductive layer 270b to conductive layer
170 without an intervening conductive layer, for example,
conductive layer 186b in FIG. 6, avoids the need for an ion
milling or back sputtering process prior to depositing the
intervening conductive layer, which allows for a higher degree
of uniformity for insulating layer 178. Directly connecting
conductive layer 270b to conductive layer 170 without an
intervening conductive layer, for example, conductive layer 186b
in FIG. 6, also reduces plasma damage on insulating layer 178,
which acts as a capacitor dielectric material. The individual
sections of conductive layer 270c-270e can be wound or coiled in
plan-view to produce or exhibit the desired characteristics of
an inductor.

Conductive layers 170, and 270, resistive layer 174,
and insulating layers 160, 178, 260, and 276 constitute a
plurality of passive circuit elements or IPDs 342 formed over

semiconductor die 144. A temporary planarization layer 330 is
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formed over IPDs 342. Semiconductor die 144 are singulated to
create individual IPD die 340. 1IPD die 340 and semiconductor
die 124 are mounted over a temporary carrier 344. An
encapsulant 350 is formed over semiconductor die 124,
semiconductor die 144, and carrier 344. IPD die 340 is
vertically offset from insulating layer 134 of semiconductor die
124 by an amount equal to the thickness of planarization layer
330. Encapsulant 350 provides structural support and stiffness
during RDL and bump formation. An insulating layer 360 is
formed over encapsulant 350, semiconductor die 124, and IPD die
340. The thickness of insulating layer 360 can be adjusted
according to the design and functionality of IPD die 340.

An electrically conductive layer 366 is formed over
insulating layer 360, IPD die 340 and semiconductor die 124.
Conductive layer 366 operates as a fan-out RDL, providing
lateral redistribution for the electrical signals of
semiconductor die 124 and IPD die 340. The individual portions
of conductive layer 366a-366d can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die 124 and IPD die 340. Conductive
layer 366a is electrically connected to conductive layer 132 of
semiconductor die 124. Conductive layer 366b is electrically
connected to conductive layer 132 of semiconductor die 124 and
conductive layer 270a of IPD die 340. Conductive layer 366c 1is
electrically connected to conductive layers 270b and 270d. A
portion of conductive layer 366c extends horizontally along
insulating layer 360, and operates as a stacked-inductor bridge
or conductive bridge providing electrical interconnection
between conductive layers 270b and 270d. Thus, conductive layer
366c is electrically connected to the inductor wing 270c-270e

and semiconductor die 144.

-50-



The distance or gap D3 between the horizontal portions
of conductive layers 366a-366d and conductive layers 270a-270e
can be controlled or adjusted by increasing or decreasing the
thicknesses Tl and T2 of insulating layer 360 according to the
design and function of IPD die 340. Semiconductor packages,
particularly in high-current applications, are prone to leakage
current between conductive layers or devices. Increasing the
distance D3 by increasing the thicknesses Tl and T2 of
insulating layer 360 provides the ability to reduce leakage
current between conductive layers 366a-366d and the IPDs 342,
semiconductor die 144, and semiconductor die 124.

In summary, a semiconductor device has a first
semiconductor die (semiconductor die 144). A first inductor
(bottom inductor wing 186c-186d) is formed over the first
semiconductor die (semiconductor die 144). A second inductor
(top inductor wing 196c¢c-196e) is formed over the first inductor
(bottom inductor wing 186c-186d) and aligned with the first
inductor (bottom inductor wing 186c¢c-186d). An insulating layer
(insulating layer 230) is formed over the first semiconductor
die (semiconductor die 144) and the first and second inductors
(bottom inductor wing 186c-186d; top inductor wing 196c-196e).

A conductive bridge (conductive layer 240c) is formed over the
insulating layer (insulating layer 230) and electrically
connected between the second inductor (top inductor wing 196c-
196e) and the first semiconductor die (semiconductor die 144).
The semiconductor device further includes a second semiconductor
die (semiconductor die 124). A conductive layer (conductive
layer 240b) is formed between the first and second semiconductor
die (semiconductor die 144; semiconductor die 124). A capacitor
(conductive layer 170, resistive layer 174, insulating layer

178, and conductive layer 186b) is formed over the first
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semiconductor die (semiconductor die 144). The insulating layer
(insulating layer 290) can have a first thickness (thickness T1)
outside a footprint of the first semiconductor die
(semiconductor die 144) and a second thickness (thickness T2)
greater than the first thickness (thickness T1l) over a footprint
of the first semiconductor die (semiconductor die 144). The
thickness of the insulating layer (insulating layer 230) can
range between 5 and 25 pm. An encapsulant (encapsulant 220) is
formed over the first semiconductor die (semiconductor die 144).
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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Claims

What is claimed:

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

providing a first semiconductor die;

forming a first inductor over the first semiconductor die;

forming a second inductor over the first inductor and
aligned with the first inductor;

forming an insulating layer over the first semiconductor
die and the first and second inductors; and

forming a conductive bridge over the insulating layer and
electrically connected between the second inductor and the first

semiconductor die.

2. The method of claim 1, further including:
providing a second semiconductor die; and
forming a conductive layer between the first and second

semiconductor die.

3. The method of claim 1, wherein the insulating layer has a
first thickness outside a footprint of the first semiconductor
die and a second thickness greater than the first thickness over

a footprint of the first semiconductor die.

4. A method of making a semiconductor device, comprising:
providing a first semiconductor die;
forming a first inductor over the first semiconductor die;

and
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forming a second inductor over the first inductor and

aligned with the first inductor.

5. The method of claim 4, further including:

forming an insulating layer over the first semiconductor
die and the first and second inductors; and

forming a conductive bridge over the insulating layer and
electrically connected between the second inductor and the first

semiconductor die.

6. The method of claim 5, wherein the insulating layer has a
first thickness outside a footprint of the first semiconductor
die and a second thickness greater than the first thickness over

a footprint of the first semiconductor die.

7. The method of claim 4, further including:
providing a second semiconductor die; and
forming a conductive layer between the first and second

semiconductor die.

8. A semiconductor device, comprising:

a first semiconductor die;

a first inductor formed over the first semiconductor die;

a second inductor formed over the first inductor and
aligned with the first inductor;

an insulating layer formed over the first semiconductor die
and the first and second inductors; and

a conductive bridge formed over the insulating layer and
electrically connected between the second inductor and the first

semiconductor die.
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9. The semiconductor device of claim 8, further including:
a second semiconductor die; and
a conductive layer formed between the first and second

semiconductor die.

10. The semiconductor device of claim 8, wherein the insulating
layer has a first thickness outside a footprint of the first
semiconductor die and a second thickness greater than the first

thickness over a footprint of the first semiconductor die.
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