SEMICONDUCTOR DEVICE AND METHOD OF FORMING AN INDUCTOR WITHIN INTERCONNECT
LAYER VERTICALLY SEPARATED FROM SEMICONDUCTOR DIE Field of the Invention The
present invention relates in general to semiconductor devices and, more particularly, to a semiconductor
device and method of forming an inductor within an interconnect layer with vertical separation from a

semiconductor die. Background of the Invention
SEMICONDUCTOR DEVICE AND METHOD OF FORMING AN INDUCTOR

WITHIN INTERCONNECT LAYER VERTICALLY SEPARATED
FROM SEMICONDUCTOR DIE

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming an inductor within an interconnect

layer with vertical separation from a semiconductor die.

Background of the Invention

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

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

communications, power conversion, networks, computers, and



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 SBATEGTd IO ices incftfdé ThIFOEoNtrollERY MiErdpidce 3RS charjud-ddupled devices
(CCDs), salar eells; angligital inigrosminserideviees, (RMBshot ive , Semicenduciar devices perform a
wide range of functions such as signal processing, high-speed calculations, transmitting and receiving
electrom&geticSigals , cAHfbIIfHG eIetuEMid dEUREEs; transforming sunlight to electricity, and creating
visual projections for televisionrdisplays: Semicosduetepdevices ate tounddp the fields of entertainment,
communications, power conversion, networks, computers, and consumer products. Semiconductor
devices éor]éoé?%?gh%%l i mifitafy Sppfications, SAation, HutomotiVe, iRdC&ial SortbiibH. and’office
equipmegtemi cond Semiconductaridavieds exploit the elestrical propettiesiofcseimicondictobmaterials.
The atomHiI%L rsltruc%lr% ofds mict ndugtor fnactgrialoallogv igs elgfterigg!:c%n .céiYiéy torb% y%nipulated by the
application of an efectric field or%asg%u%ren%r {hrough the proces§ of 6ping. Boplngslntroduces
impuritiesinta ¢e- semicondaocton midterigtoanasipalatelapnd wontrobtheiconductivitdofthe semiconductor

device. . Atsemiconguctgﬁdevice contac'\ns ctive and Passiiv% electrical s&rggtures. O1D\ctive
¢ t )
structureéﬂ%gﬁjélnbe&péfér and teld Sﬁel&(jtpanus?stgrrs, control the flow of electrical current. By varying

levels of dopihgandtapplication of an etectrid ficlklcordraseccurrbnttthe trasister- either promotes or
regﬂcstheﬂom’Ofdeﬁ”@@%@%ﬁﬂguggg%vﬁevice contains active and passive

electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



structures, including resistors, capacitors, and inductors, create a relationship between voltage and
current necessary to perform a variety of electrical functions. The passive and active structures are
electrically connected to form circuits, which enable the semiconductor device to perform high-speed
calculations and other useful functions. Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end manufacturing, and back-end manufacturing, each
involving oteritiily huhdreds G stépSHbht-end nTahUfAAlnRg Fivove thefofation of a plurality of
die on the surface of asemieerducier water Jeachdieds typieallyidentical @andLopdaips sicuits formed by
electrically connecting active and passive components. Back-end manufacturing Involves singulating
individuaPBig s 1156 FiniSRBE WHfEF af§ Patkaging tHE'ditSD Provide Srdctrat 3bpgort and
environmestal is@latiens s poweQne goal of isgniconductormanutactuing isda predyce-simaker
semiconductor devices, Smaller devicede pically consurrrﬁless ower, have higherger,formance, and can
be produl8d Tdie efficiERtly: ¥r additioR éﬁ%ﬁ&n <eriedndictor GBVIceS ARGE smialler $56tprint, which is
desirablerferrsmallemend produsts. A smia)lerdiesize maydie achiewed by inmperovementsdn the front-end
process resggiggtig die }Q/itg Igr’rﬁllgg, rg%?er der1esitIXaacti]\ée andlpassivdei)%omponents. Back-end processes

r . e S12z a eve A lmprovemen
may result in Semiconductor device packages with a%maﬁler?oo]tprlnt y ﬁ]npro@emen in electrical

interconneictio andtpackdgipganatesialse sult indnothetigoal bf bemicohtector mamdacturing is to

produce Blgrrl\er Qerfgrcrr%%r\l]cee .%%rglconductor devices. Ingg:eases%rgl gjg\_/lé:g Jerformance can be

accompllshe(f By¥orm|ng active coﬁ]%%%é\r{tes tﬁg&ngroengapa%le of operating at ]Fuogcﬁer speeggyln high
frequency applicationss sochras dadio frequency (REpwkeless contmunications) éntegratee passive

devices (PDs) are often contained within the semicondyctar device, Examples of/PDs jpclude resistors,

capacitors, andinductors. A typical RF system requires multiple IPDs in one or more semiconductor
package&'#s-pérfarhs the necessary electrical functions.

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. 1In
high frequency applications, such as radio frequency (RF)
wireless communications, integrated passive devices (IPDs) are
often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

The inductor can be formed within the semiconductor
die. However, integrated die inductors often suffer with low Q
factor, due in part to eddy current losses. The integrated
inductors consume considerable die area and reduce design
flexibility.

Summary of the Invention

A need exists for a high Q factor inductor within a

semiconductor device. Accordingly, in one embodiment, the



The inductor can be formed within the semiconductor die. However, integrated die inductors often suffer
with low Q factor, due in part to eddy current losses. The integrated inductors consume considerable die
area and reduce design flexibility. Summary of the Invention A need exists for a high Q factor
inductor within a semiconductor device. Accordingly, in one embodiment, the present invention is a
method of making a semiconductor device comprising the steps of providing a carrier, forming an

adhesivelay r YR BRTi? DorbViding'a Seftlcid Radridie raviig'd pRirEiy 'of burtfpsifofmed over an
active sutage oi Himsericonduetor dies mauntingithg semieenduciqr dieta theycamies witbdhedumps
partially disposed in the adhesive layer to form a gap between the semiconductor die and adhesive layer,
depositingBFEnEaPstIdmt OvER e SemicBhadcdr g and @ithr R Gap BetieentAE SethiGonductor die
and adhesiverlayer, yempvingdbe castieteanchadhesive layer teexpasesthe bumps&om the encapsulant,

forming an insulatiggﬁlla er og\ﬁr the encapsulant, and formin%a first con ucti\ée Ia%/er over the insulating
layer in 8 WOUITE ¢ 'd%/%ti to eXlvibit %ti%g%rg’ﬁé?ﬁgg detéctricaily donnetted @the Bumps. The
first conduttive tayer hasasseparation fromathesessicorductordiedssdetermineddyy the encapsulant

within the g%f ang the insulatlgeq Iager. In angther emopod'ment, the r_[)resent invention is a method
. A~ gap .. egye?n 5 S mlcondu%gor 1e Fn aghesive. Taver, .. )
of making a emiconductor devicé comprising the steps of providing a carrier, 5rovid|ng a semiconductor
die, formimgravfirst insulatimgdayerover ansurfaceroftthe seamcondutiortdie, l@adingnalithv ihehfirst insulating

layer, moupting fhe semiconductor die fa the,carrer, depositng an.gpcapsylant over the semiconductor
die, removing the carrier, forming a second insulating layer over the semiconductor die, and forming a first

condgctiveelayer'tp@ertthe segond %mmgaléyeﬁih\@wbgmdmohﬁg@@mgﬁ €0 *elxhi_bﬁilinm;sctiﬁ/eqﬁmoperties.
The first E%%d%c[tﬂgg}g%lr A}@@Ia §%%@H8n grgnl%g%@§98dg%t% die as determined by the first and

second insulating layers.
encapsulant, and forming a first conductive layer over the

insulating layer in a wound configuration to exhibit inductive
properties and electrically connected to the bumps. The first
conductive layer has a separation from the semiconductor die as
determined by the encapsulant within the gap and the insulating
layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a carrier, providing a semiconductor die, forming a
first insulating layer over a surface of the semiconductor die,
leading with the first insulating layer, mounting the
semiconductor die to the carrier, depositing an encapsulant over
the semiconductor die, removing the carrier, forming a second
insulating layer over the semiconductor die, and forming a first
conductive layer over the second insulating layer in a wound
configuration to exhibit inductive properties. The first
conductive layer has a separation from the semiconductor die as
determined by the first and second insulating layers.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a semiconductor die, forming a first insulating layer over a first surface of the
semiconductor die, depositing an encapsulant over a second surface of the semiconductor die opposite
the first surface, forming a second insulating layer over the first surface of the semiconductor die, and
forming a first conductive layer over the second insulating layer in a wound configuration to exhibit

inductivelfropétie8 ITRe fifst conatetetayerhas 4 ¥eParstion ffor the SBATICGHdLR for dig ST In

another esgbediment e psesentdaventionrds assemisonduciongevice compriskg-a sgmigonductor die
and first insulating layer formed over a first surface of the semiconductor die. An encapsulant is deposited

over a seCORARTUIAZE bf BV SeMictRatRor U FpGsifRthE st SUlface A%ecdhd isulating layer is

formed owerpiheifirst sintaceiofdhe semicenducterdie nd fisstconduativienlayerisifogmed pyer the second

insulating layer in a wound configuration t etyegﬂbit inductive The first conductive layer has a
ef

properties,
separation frém tHE sericindiittdrie. Brief DEscHplion Ut e E?gwf%gg’ and fqEny i drates a PCB
with different sgypescofpackages mounted t@ its suefaegcond insulating layer in a

wound configuration to exhibit inductive properties. The first
conductive layer has a separation from the semiconductor die.
In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die and first
insulating layer formed over a first surface of the
semiconductor die. An encapsulant is deposited over a second
surface of the semiconductor die opposite the first surface. A
second insulating layer is formed over the first surface of the
semiconductor die. A first conductive layer is formed over the
second insulating layer in a wound configuration to exhibit
inductive properties. The first conductive layer has a

separation from the semiconductor die.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the
semiconductor packages mounted to the PCB;

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4k illustrate a process of forming an
inductor within an interconnect layer with vertical separation
from a semiconductor die;

FIGs. 5a-5f illustrate second embodiment of forming an



FIGs. 2a-2c illustrate further detail of the semiconductor packages mounted to the PCB; FIGs.
3a-3c illustrate a semiconductor wafer with a plurality of semiconductor die separated by saw streets;
FIGs. 4a-4k illustrate a process of forming an inductor within an interconnect layer with vertical separation
from a semiconductor die; FIGs. 5a-5f illustrate second embodiment of forming an inductor within an

interconnect layer with vertical separation from a semiconductor die; , ,
inductor within an interconnect layer with vertical separation

from a semiconductor die;

FIGs. 6a-6g illustrate third embodiment of forming an
inductor within an interconnect layer with vertical separation
from a semiconductor die; and

FIGs. 7a-7e illustrate fourth embodiment of forming an
inductor within an interconnect layer with vertical separation

from a 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



FIGs. 6a-6g illustrate third embodiment of forming an inductor within an interconnect layer with vertical
separation from a semiconductor die; and FIGs. 7a-7e illustrate fourth embodiment of forming an
inductor within an interconnect layer with vertical separation from a 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 elBrfentL SFRTE fhe INVEALGH & destiibed s terths 6tHE B st mbdeTer aBhieingthe fnvention's

objectives cit wilkbe appeeciated byrthese skilled in theiart that itdig irtended to cover alternatives,
modifications, and equivalents as may be included within the spirit and scope of the invention as defined
by the appended claim3iiy-their BytivErenE asEUPpoRea Y M Tolsiingtistissurtnd drawings.
Semiconductor deviees are gererally mantufacturedrusingfwe cosiplex manufaciuknRg PEcesses:
front-end,manufgcturing and back-end man,ufacturi%?). F:fnt-end manufacturing jnvolves the formation of
a plurality B didon the SUHALS of &S Hiconlicto? Watsr. EntRHiE B ¥he Water EShtaind Active and
passive electriealicompanents,duhich @re etectricatly connpatetttoderm fitnctional electrical circuits.
Active electrical comdzg%noents such .asltr%nsi%tgg%and diodes h%vea the.abilitY H'Eo fgrqgolathe flow of

. semic r materia nigues slc S .1Qn i0n pr
electrical curren?.nlgasswe efgctrlcafcompﬁnents, Suéi’l as capacitors, |n8uctor£ ressf%rs, al’ldO
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 may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

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

The portion of the photoresist pattern subjected to light is

removed using a solvent, exposing portions of the underlying



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 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 ii°2&%e ‘devivesPithhshRRfhg thelkentieBrdader materidt tBAnGRSGatGT Cedriductor, or
dynamicalbrchanging thevsermmicenauctar material eppductivitydr responserta anielectyic figlgher base
current. Transistors contain regions of varying types and degrees of doping arranged as necessary to

enable the"®&siSthr I HiomaGte ri&stiRftheTow 8 Sicticaf Clmtént o the dpplitafion of the electric

field or base-ewrrant. into tAstive and passive companeantsiarg faosmeddiyilayers of materials with
different electrical %ro rtiezw. The Ia)éers can,be formed by a variety of deposition techniques determined

in part by tHRI5pe bf HaterTal By 56‘0&%@%&%%%%}%}?}%% eposftioh Thay volve™&emical

vapor depasitian (CYD),physical wgpor deposition (PVD), electrolytic plating, and electroless plating

processes. Each Iayerﬂ')s eneralI}[l atternhed to ffOE_m portions of actiye comrponents .patssive components,
. . Depositl a tni 1lm'or_material oye ﬁn e%ﬁs 1ng
or electrical connections between components. he'layers can be patterned using

photolithegraphy whigh ievolvesthetde posttiomofdight Sensitive traterialnd. goprroteresistoover the layer
to be patiaimed, /4 patier s tansferred frog g photomask tpythe phiotaresist ysing light, The poytion of
the photoresist pattgrn su%jectegto |Ig§ﬁt is removed using a solvent, exposing portions of the underlying
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.
Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.

An encapsulant or other molding material is deposited over the



layer to be patterned. The remainder of the photoresist is removed, leaving behind a patterned layer.
Alternatively, some types of materials are patterned by directly depositing the material into the areas or
voids formed by a previous deposition/etch process using techniques such as electroless and electrolytic
plating. Depositing a thin film of material over an existing pattern can exaggerate the underlying
pattern and create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and

more demERf Backedadtive At p&dsnie: EGrhpSHERMET PlatiafizatiGiT Earn BB ustdtdF&enioNe material from
the surfage of thewafes @andqrrdyee adinifpenlyiflad sutfage iRlapadzationelnvelves podishingrthe surface
of the wafer with a polishing pad, An abrasive material and corrosive chemical are added to the surface of
the wafePdtilg SoliSHiKY: THEoMBin@d Midéhamickt GRloH of e S5rasie dritl B6iYSsive action of the
chemicalaemoves eaydoegular tapagraphys tresultingivaamifermly flat surface. Back-end
manufacturing refers to cutting or singulating the finished wafer into the i délvidual,die and then packaging
the die for structural suppoft gnd1 %A\‘)?F’o gﬁtgl R0fatioh 1o %in%%Ydtg%h%} ie e Warér i§ StBred and
broken aleagmicn-functicnalaegions qb therwaferccatled sawosteeets opSBnibes Thetwater is singulated
using a Iasjre]:r cuRti. togl or_saw g(l)ad(?. ébscfteg sinc_iq(l:JlLa(_j}io@[lé trgr? ing'veid al die are rgoygtae(geto a package
substrate"that mcludes pins or (l:ontrécilpags fornterconnection with other- syster% components. Contact
pads forried ovepthecsemiconducior dizvarediien coanécted to Contact padslwithirtheguackage. The

electrlcalocjpnrggg%%nsl%a%be made£W|th soldercpum S, studCQ%mgg,, c%pducrtll\cll o lgvelrebonds. An

e paste
encapsulant or other mol if\flserﬁat%rlaﬁ%m e%%gltgg over the pagkage toeﬁjr%wdle &y%?ca support and
electricaldsolatior tRhenfinisAéd: pdékdgerisithen Wrssstedfintecan efectricat systearand dve funetionality of

the semicsqng%tolrnde}fv'tc(?e.islm§%¢: a%g@dﬁp(g% é%thgfotpﬂﬁg%§g_ltg%rgponents. FIG. 1 lllustrates

electronic device 50 having a chip carrier substrate or printed circuit board (PCB) 52 with a plurality of
semiconductor packages enduinted endesvsiifacel Blectrdpic device 50 mayphave vheaypd bht

semiconduclor Ragkagenarawiliple ypes ol seguconduiqlo, pagkags.tienenging.on the application. The
different types of semiconductor packages are Shown in FIG. 1 for purposes of illustration.
electrical functions. Alternatively, electronic device 50 may

be a subcomponent of a larger system. For example, electronic
device 50 may be part of a cellular phone, personal digital
assistant (PDA), digital video camera (DVC), or other electronic
communication device. Alternatively, electronic device 50 can
be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The
semiconductor package can include microprocessors, memories,
application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the 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



Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), digital video camera (DVC), or other electronic communication device. Alternatively, electronic
device 50 can be a graphics card, network Interface card, or other signal processing card that can be
Inserted intd AEOPREE e demizbREGEEH padkage Cant ifétudelmicrdprocassats 2metiories,
application-spegsifigintegratad, ciesuits {ASIC) lagie sireuitss wanalag-giecuits: BIr giictiis sgiscrete devices,
or other semiconductor die or electrical components. The miniaturization and the weight reduction are
essential ToPiiese Prodads 10 bR e Pfed Y tHe fmaet SPre dRETAHER EERR SRnTidsHductor devices
must be decrrasad thachieve bigher eeasitypackagedn AiGuiBEBShpeoidassa general substrate for
structural SLfi)é)Ol’t and elecjlrical Intterconnect of the semiconductor aCkJ? es mounted on the PCB.
Conducti%é Signaf tracéd 82 aid formied SUEA §lt&ce of Wﬁﬁﬁﬁa&%rs B53V USiigevApbration,
electrolytimplatitg, electraless plating ssareen printing, ametheesuitabiel metakrdepositioneprocess. Signal
traces 54 provide for eEercl:trgch%corgnrl?j%rgc%ieonncgetweeneemacg of the tsgrrni%ond.ugéorkpaasckgggs, mounted
components, and other external system %omponén%. Traces b4 als6 prow%‘élpower and ground
connectigrsctoaggiohgoflthe semicontducsdr packagepackaginiy some etrbddimgnts, &semiconductor
device has tyo packaging levels, Firstlevelpackagina.sa (eghnigue or, mechanically and electricaly
attaching the semiconductor die to an intermediate carrier. Second leve packaging involves mechanically
and electricaliyrattaching tHecintermediate cafrerctothe RCB. Inasthegembodimventscs semiconductor
device may anly have the firstlevelpackaging whete thedig is mechanically,and electrically mounted
directly to the PCB. For the purpose oflllustration, several types of first level packaging, including
wire bond patkeye’S6 and Flip eliipss, eréshowarsePCa SEMdditichallycsevkrdliypesaf second level
packagingincluyding ball, grid array (BGA),60, hump, ehip carrer.(BGC) 62.dual in-line package (DIP) 64,
land grid array (LGA) 66, multi-chip module (MOM) 68, quad flat non-leaded package (QFN) 70, and quad
flat pack&fec 2 ndresshbwrrduRteRFér PCB-52. Depéndiflg 4pbhdhe Bystent iyuitebnents, any

combination of semicopducter, packagess copfigured ydth-any combination of first,and seeond level
packaging styles, as well as other electronic components, can be connected to PCB 52. In some

embodimehts leld@ithic BEVIEE BDACIudES AsingIE afthERe® SBMICHHUtRES patkage, whildother
embodiments.calbfor multipledptercannectedspackages: BY £0mbiRINg 0801400k, $amiconductor
packages over a single substrate, manufacturers can incorporate pre-made components into electronic
devheséﬁﬁ%?&%ﬁ@yel packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. 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
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Because the semiconductor packages include sophisticated functionality, electronic devices can be
manufactured using cheaper components and a streamlined manufacturing process. The resulting
devices are less likely to fail and less expensive to manufacture resulting in a lower cost for consumers.
FIGs. 2a-2c show exemplary semiconductor packages. FIG. 2a lllustrates further detail of DIP 64
mounted on PCB 52. Semiconductor die 74 Includes an active region containing analog or digital circuits

Implemented dsta&tirt delices! passivg Hevite¥d CoimductiVe ey ere At dietectfic 1ayerSformed within
the die anth asg electiigally hatetconnegted accosding ta e plaetricat designpfithe dies &or example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit

elementsformed Withit e 46~ eregion oFsentitsndudior did'74. Bhta&Fads R Bre dife bP more

layers of wenddcitvednateriak suehras aluminureyAl), espper (Cu):tin{Snyrickel (Ni), gold (Au), or silver
(Ag), and are electrically connected to the circuit elements formed within semiconductor die 74. During
assembly of DIP 64, sgyr%%%hda&B Qi T2 15 MoTRR tovar Mferniatiate &P 78 868G a gold-silicon
eutectic layer.oradhesivesmatariad sach asdhermaal £pbdxy Or @pPXY fesinuhite packagecBodypIncludes an

insulative %ackagrilrg:&lmateri% sucq S polymer or cerami%..Conductor leads 8(t) and.wire bong[s 82 provide
electricaﬁnfré%gonnec etween semiconductor die 74 an JPVC?B%%E%%aﬁgﬁiaﬁtléﬂ’ %gdgﬁloas,l 2d over the
package for ehvironalentalprotection iy ipreeantsy moistureiard paniclessfromanterng the package and
contamingling dle 74 ot wite bands 82, . EIG: 2 Ilstrates fugher detall of BCC 62 mounted on
PCB 52. Semiconductor die 88 is maunted over carner% using an underfill or epoxy-resin adhesive
material 32.e\Witechonad Frprovidecirsti leveéllyackaging-imereohrectdsetwednng to the

electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), 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 wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.

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

bonds 94 provide first level packaging interconnect between
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contact pads 96 and 98. Molding compound or encapsulant 100 is deposited over semiconductor die 88
and wire bonds 94 to provide physical support and electrical isolation for the device. Contact pads 102
are formed over a surface of PCB 52 using a suitable metal deposition process such as electrolytic plating
or electroless plating to prevent oxidation. Contact pads 102 are electrically connected to one or more
conductive signal traces 54 in PCB 52. Bumps 104 are formed between contact pads 98 of BCC 62 and

contact pad8 4d2 ofPEs 52° and Iy FIEOIE HemicoHIRTIO die 585E TRdtted tace: Adwn To
intermediatg earries 06with a dlipi eljpstyle dirstdevel packaging Aetive-regiorn 108 of sertcansuctor die
58 contains analog or digital circuits implemented as active devices, passive devices, conductive layers,
and dieIeEm’cslé)C/@%s fOHBA BLchrtfihg ttheelEaicalbdesign 8 thkdie FEST EXBMBIE; the circuit may
include onerot Meredransistors, giadese Meietayscapactors; sesistors,Fanl ctheusirewyt alements within
active re%iontlokg;:L Semiconductor die 58 is electricallg and echani;alé?/ connected to carrier 106 through
bumps 1101 t3°1€ BEAT60 [SE8EHEAR akd Riechanitaliy cdfinécted & 55 Witix BEA style
second lexel paeckaging aisingdiumps d 12 oSemicondtctor idie 58 4% electrigatly conpacted 10 zonductive
signal traces 54.in PCB SZfErouggn%%rg@%(]flg, signal lines 114, and %Jmf@%%:éZ. é moIgEing compound or
e 6 to providse

encapsul%ﬁ? 1% ?scéérﬁocs?t *over semiconductor die 5§ranmélpc1:‘:':1érri8?D P ﬁﬁfacal support and

electricaltisclation fof the devige>The flijpicirip sktdicanduciordevdcépiovices ashod etegtraca conduction

path fronb@eo%ctg/g&deé/feas on (s:%rIQJ'CcaogguctélJCrl gielgg tQ goe%%ctigg tracks on PCB 52 in order to reduce
signal propagation distance, lower capamta%ce, and improve overall circuit performance. In another
embodiment, the semidandutctor die 58scaniive nibchanicafly and ®lectricallyrdormhettatedidestly to PCB 52

using flip.chin gtyle firstlevel packaging without jntermediate caprier 106 1 o ¢ FIG- 3a.shows a
semiconductor wafer 120 with a base substrate material 122, such as silicon, germanium, gallium
arsenide piaditiy phasphide tarvsilicorodarbide? forostrustiuralr Suyshott. 9% plikslity 6f semicohdsictor die or

components, 124 is,formed qnwafer 120;sepaaied ysaw giregts, 126, 3s dgscrihed.above.
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to

PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall

circuit performance. In another embodiment, the semiconductor
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FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120. Each semiconductor die
124 has a back surface 128 and active surface 130 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 me%/, include one or more transistors, diodes, and other circuit elements formed within active

surface 130%0 MpfstReMEar oy erdGitsldrdighal Grthifts Stichlds digharsgna brodésor tBsSP), ASIC,
memory, @f other signal praeessingcirstlit, Semicenducterdieck241may alsoyeenfainiintegiated passive
devices (IPDs), such as inductors, capacitors, and resistors, for RF signal processing. In one
embodiment SefddAdTctErdR 4 is Wlipchip type semiconductor die. An electrically
conductive layer 132 igfosmed0ver agtive sudade- 330 usingPVB £ €V D, Beciralyticaplating, electroless
plating process, or other suitaple metal deposijtion process. Conductive layer 132 can be one or more
fayers of Al T NI ALERGE br Sfiet STHaRle Bleciiia Eondicie FratBria D Ebhitiive layer 137
operates asscantakt padselectripallysgonnsetedto thelcircuits onrdctive suface 4830uBumps1134 are
formed on contactt padgblfs . e In EIG. 3c, sem'cor%ductcg.wafer 120 is sin%ulaateqlg%ou%h saw
street 12§Lﬁ%§jnogra saw blide B?False?] cat';inaet%lcf into individual semiconductor die .

FIGs. 4a#krdthestrate, mattatioh10 FiEsat andds2c,se processof forhing an ldductor ithin an
Interconngg(t)lfaé/er with vertical separation from a semiconductor die. FIG. 4a shows a substrate or carrier
140 containing temporary or sacrificial base material such as silicon, polymer, beryllium oxide, or other
suitable low-cost, rigid fi&teridlfor structueal SuppertsAnintenfate Yayer or doublecsitdedtapd 142 is

formed oyerGartign 149 a5 g tepporany,adhesive, banding fim, oL eich-§top layer. A penetrablg adhesive

layer 144 is formed over Interface layer 142. In one embodiment, penetrable adhesive layer 144 is a
B-stage raatefiake 128 apnFiecibyserpicohddétor die T2 frammFIGs. Bar3e s pasitioried-ever and

mounted tq carrier 140,sing,a,nick;and place;qperation. Bumps, 134 are pattially smbedded within

adhesive layer 144 to leave a gap 145 between semiconductor die 124 and adhesive layer 144, as shown
in FIG. 4€9R®BHeterrBodimehi SserniconddCiof die- 124 éantaiis arpeetically Bohdiételager 146 (later

used as an,inductorbridge) apd analog-and digitakcircuits 148.3s partof active syrface, 130, as described

in FIG. 3b.
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 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 integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing. In one embodiment, semiconductor die
124 is a flipchip type semiconductor die.

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.
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An insulating or dielectric layer 150 is formed over active surface 130 and conductive layer 146 of
semiconductor die 124 using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 150 contains one or more layers of silicon dioxide (S102), silicon nitride
(SI3N4), silicon oxynitride (SION), tantalum pentoxide (1a205), aluminum oxide (Al203), polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBC)), or other suitable dielectric material. In FIG.
4d, an erfc&PE§laht 8r Aotding TBRTboRRdA%25E Hepodsied bvérsemiconductor die 124 and adhesive

layer 144 using a paste printing, compressive sneldings transfes malding; kquid epcapswant molding,
vacuum lamination, spin coating, or other suitable applicator. Encapsulant 152 extends between
semicondytiorGi 128 artt adfasive fayeP 124, fh S embddmént, bAcSTsUrat 1 ss i8lted under
pressure o argispensiig needle istergaphém betveen semizonductor die 124 and adhesive layer 144
around bumps 134 usin% a mold un erfilulMU@a%rocess. A va]guum assist can draw encapsylant 152 to
aid with uniform distriblUtiGH, Encapstlant 152 Cah e polymer composits aterisl; sichas epdxy resin
with filler2epoxy acrylate withfillen o polymer with praper filer.rEncapsulant 452 és1nerconductive and
environngpntallly qugtcerg:ts thetsemigonductor gevice Erom external elem ntstanrd 8ontami aIrgi[s. Due to the

gap 145 Stiveen semiconductor die T34 an éaﬂesiggTayaersl%fﬂ,l & thickness o%%hcapsu ant 152 under

the semicdondeictordie 124hs 1 5:80micronreterspm) 40 contBliG deyshews anaptional back grinding
operations\évictt% a ortiq oégurefa%e %é% of ;ncap%ulant 152 removed l%irgrinder Jb566rto alzilﬂ%rize the
e 15, [ X¥o

cCla Chn. as 81licon er,
encapsulant an éxﬁos ack surface of semiconductor die 12 electrostatic élscharge (ESD)

control. oxiden FiGoahearrierili4dh imedace fayer 142 Landladhésive ayef dd4drevemioved by
chemical gehing, mechanical peet-off, CME mechanical grinding, thetmal bake, laser scagning, or wet
stripping to expose bumps 134 from encapsulant 152.

over carrier 140 as a temporary adhesive bonding film or etch-

stop layer. A penetrable adhesive layer 144 is formed over

interface layer 142. In one embodiment, penetrable adhesive

layer 144 is a B-stage material.

In FIG. 4b, semiconductor die 124 from FIGs. 3a-3c is
positioned over and mounted to carrier 140 using a pick and
place operation. Bumps 134 are partially embedded within
adhesive layer 144 to leave a gap 145 between semiconductor die
124 and adhesive layer 144, as shown in FIG. 4c. 1In one
embodiment, semiconductor die 124 contains an electrically
conductive layer 146 (later used as an inductor bridge) and
analog and digital circuits 148 as part of active surface 130,
as described in FIG. 3b.

An insulating or dielectric layer 150 is formed over
active surface 130 and conductive layer 146 of semiconductor die
124 using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer
150 contains one or more layers of silicon dioxide (Si02),
silicon nitride (Si3N4), silicon oxynitride (SiON), tantalum

pentoxide (Ta205), aluminum oxide (A1203), polyimide,
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In FIG. 4g, an insulating or dielectric layer 158 is formed over surface 160 of encapsulant 152, opposite
surface 154, using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal oxidation.
The insulating layer 158 contains one or more layers of Si02, Si3N4, SiON, Ta205, Al203, polyimide,
BOB, PBO, or other suitable dielectric material. The insulating layer 158 has a thickness of 5-50 pm. A
portion of insulating Ie%ber 158 is removed to expose bumps 134. In FIG. 4h, an electrically

conductiERFEF Y62 FPESHBMARFZpplidd dver SRty er 158Qhd exbosed Btimp 134 using a
patterning.andapetal depositionr processstichas PVD, CVD, sputtering, electrolytic plating, and
electroless plating. Conductive layer 162 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically corldudtiv€ material Eondtehe y_F 185 AR lélgeé?&%??gﬂo]v\ﬁﬁg ttfe contour of
insulatingilayer 158 dinehadingsisto thenemaved porton of theninsulatiog layer sngaaround exposed bumps
134. In another embodiment, conductive layer 162 is a multi-g1©§,tal stack withfadhesio a\ﬁler, barrier

Ia E[Téyé

layer, and $88d of Wt 1dyer The Jan &S8R fay e {s forMRdover nsutatinigiiaye d bumps 134
and can he titandurar(ti) gitaniamtnitiided TiN), titaniumrtungsteén{ Ty, Al serichromiwmnr(€r). dihe barrier

layer is foymed over he aghesion Javer.and can,be Ni.Niv, latinum () pallacium () TW, o
chromium copper &:lr ulf. e Bgrrler?ayer mh%lts fie difftsion o"%i(%]u in o%ue active area of the die. The
seed layerds foromethoverrthe barrierdayecard bas bedCu,dNic NIV, 44U, orTAl. one
embodiment, encapsulant 152 is injected under pressure from a
dispensing needle into gap 145 between semiconductor die 124 and
adhesive layer 144 around bumps 134 using a mold underfill (MUF)
process. A vacuum assist can draw encapsulant 152 to aid with
uniform distribution. Encapsulant 152 can be polymer composite
material, such as epoxy resin with filler, epoxy acrylate with
filler, or polymer with proper filler. Encapsulant 152 is non-
conductive and environmentally protects the semiconductor device
from external elements and contaminants. Due to the gap 145
between semiconductor die 124 and adhesive layer 144, the
thickness of encapsulant 152 under the semiconductor die 124 is
15-90 micrometers (um).
FIG. 4e shows an optional back grinding operation with
a portion of surface 154 of encapsulant 152 removed by grinder
156 to planarize the encapsulant and expose back surface 128 of
semiconductor die 124 for electrostatic discharge (ESD) control.
In FIG. 4f, carrier 140, interface layer 142, and
adhesive layer 144 are removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping to expose bumps 134 from encapsulant
152.
In FIG. 4g, an insulating or dielectric layer 158 1is

formed over surface 160 of encapsulant 152, opposite surface
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An insulating or photoresist layer 164 is formed over conductive layer 162. A portion of insulating layer
164 is removed by an etching process to pattern conductive layer 166a-166h. An electrically conductive
material is deposited in the removed portions of insulating layer 164 by electrolytic plating, electroless
plating, or other suitable metal deposition process. The remaining insulating layer 164 and conductive

layer 162 below the insulating Iaﬁer are removed by an etching process leaving conductive layer
166a-166ir4s oHE br Mndrétayéréior AT CEG SSn PN Aut Agy, of BtHer SuftablR%EleSHEAN conductive

material, @s=shomy, indile: 4t iGenductive dayes 16621664 ean be electrically commen ok wlactrically
isolated de endin%on the design and function of semiconductor die 124. The individual sections

of condudtié 1558166 Gaft B WEUMPEFcdiR¥Gh DlaH-vieh o protiabé or ekAibit indddive properties. For
example pconotuictive layen 1664, B66s, 1665, and-1666 eenstituteanvoundioespital inductor wings, as
shown in FIG. 4j. The inductor wings 166d-166g are disposed within an interconnect layer partially or
complete AL Tootprit o sEEMAGAE o T Pa OGRSt a1b SBctically
connecten throtighcconglfictive layet 162, bagyprl 34, and<contact pad 132 toxgandeiciventayer 146, which
operatesla§4an inductor bridge to electrically connect the inductor wings to analog and digital circuit 148.
Due to thethickness of encapsulant 152 under semiconductor die 124 (15-90 pm) and thickness of
insulating layer 158 (5-60 pm); inductorwings<kB6di t60g arecseparatetvieomasgamicanducter die 124 by
20-140 pm. In one embodiment, inductor wings 166d-1669g are se ted from_semicqnductor die 124 by
100 prm THE B ohten Loy g 10 TeRe S Sam oo crch H ToK 180 e By curren
losses andificreaises @ factort.erning |aFiGn4k can msnlating ovpassivators layer1684s Foffhed over

insulating-tgyer 138 and,conductive layer, 166 Lsing) BYD, $VD, serean pinting, spin,cagting, spray

coating, sintering or thermal oxidation. The insulating layer 168 contains one or more layers of 5i02,
Si3N4, SIONJTa2Z05,AI203cbr bfher paateral vaving sinifar snsutatingpand sfkdetural préperties. A portion

of insulating laygr 168;is removedtp exppse,cooduglive layer 1662, 1666, 804 1660t erial .

Conductive layer 162 can be a seed layer following the contour
of insulating layer 158, including into the removed portion of
the insulating layer and around exposed bumps 134. In another
embodiment, conductive layer 162 is a multi-metal stack with
adhesion layer, barrier layer, and seed or wetting layer. The
adhesion layer is formed over insulating layer 158 and bumps 134
and can be titanium (Ti), titanium nitride (TiN), titanium
tungsten (TiW), Al, or chromium (Cr). The barrier layer is
formed over the adhesion layer and can be Ni, NiV, platinum
(Pt), palladium (Pd), TiW, or chromium copper (CrCu). The
barrier layer inhibits the diffusion of Cu into the active area
of the die. The seed layer is formed over the barrier layer and
can be Cu, Ni, NiV, Au, or Al.

An insulating or photoresist layer 164 is formed over
conductive layer 162. A portion of insulating layer 164 is
removed by an etching process to pattern conductive layer 1l66a-
166h. An electrically conductive material is deposited in the

removed portions of insulating layer 164 by electrolytic
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An electrically conductive bump material is deposited over the exposed conductive layer 166a, 166¢, and
166h 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 material is bonded to conductive layer 166 using a suitable attachment or

bonding protes&dn dheSéthbadifmehtPtheToutfp nidteANS Teffoted by hedfing the'ffateridl bbve its
melting peind de feym spherical halls onumpsird: imsome applications, duspsilizd argsreflowed a
second time to Improve electrical contact to conductive layer 166. The bumps can also be compression
bonded td &5fbudiive B§erTed Bumps 178 répréstit She Ype SRRMBFEONIRCt StuGlur@ 1R can be
formed opelocendiictivalayes 166ndhe dateecanngst structdrel cam alse usesstud btusie mistebymp, or

other electrical Intecrconréect. , FIGs. 5a-5f show another embodiment with %Tgstrate or carrier 172
containing teMporaryyor Satrificial Hake Materidl sOeh a5 sﬁ%bﬁ?&@m% S5&ry it oXide, or other
suitable lawr@ast; tigied material £ar, steucturabsupport. Bn 1G4 5ha, aw tnteface layet ey double-sided tape

173 is for. §d9 r carrier 172 as a temporary.adhesive bonding film or etch-stop layer. A plurality
of semich BRI e 17375 ERoaed TEAR Tarm N & FIo Gee Eoh oS tie 174 has a
back surfaeed7@iaryl activersurtaeeikB0 eontaimng-analog of digital cvcuitscimplenhented’ds active

devices, passive devic%,ecoindgfg\{%{laay rss,eacnéji Oiglecgrkc '8}5%%? ngm\gg V‘iitahine trhel%i %le ekljeectrically
interconnected according to the electrica design and function of the die. For é/xample, the circuit may
include omewrdnaere transistors diadles) and othércircuitdlements forhed Withimdotivelswrface 180 to

implement,analog circuits or digital hsyits, sUGhas PSR. ASIG.memary, ongther signakproggssing
circuit. Semiconductor die 174 may also contain IPDs, such as inductors, capacitors, and resistors, for RF
signal prédesgirgenstitung elecidally comductive lagbrcigrisformied ovér adtiversurface 80 using

PVD, CVD; electiolytic, plating, elesiroless, plating process. opqther suitable metal deposition process.

Conductive layer 182 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductivéfrRferfalNE6fhduciNelapar82is usedatke? iR @i ndlictdr bridge 2o Ahalagrant-digital circuits

188 as pait of active.swface380.124. The inductor wings 166d-166g are

electrically connected through conductive layer 162, bump 134,
and contact pad 132 to conductive layer 146, which operates as
an inductor bridge to electrically connect the inductor wings to
analog and digital circuit 148. Due to the thickness of
encapsulant 152 under semiconductor die 124 (15-90 pm) and
thickness of insulating layer 158 (5-50 um), inductor wings
166d-166g are separated from semiconductor die 124 by 20-140 um.
In one embodiment, inductor wings 166d-166g are separated from
semiconductor die 124 by 100 pum. The gap between inductor wings
166d-166g and semiconductor die 124 reduces eddy current losses
and increases Q factor.

In FIG. 4k, an insulating or passivation layer 168 is
formed over insulating layer 158 and conductive layer 166 using
PVD, CVD, screen printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 168

contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
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An insulating or dielectric layer 190 is formed over active surface 180 and conductive layer 182 of
semiconductor die 124 using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 190 contains one or more layers of 5i02, Si3N4, SiON, Ta205, Al203,
polyimide, BCB, PBO, or other suitable dielectric material. An electrically conductive layer 192 is
formed over insulating layer 190 using PVD, CVD, electrolytic plating, electroless plating process, or other

suitable MEtf HBPSsHIBH process Ebhbtctiveayer 192 edn Pe'die 6rfiord fayet6fAl Cu, Sn, Ni, Au,
Ag, or otherspitable-electricafiy eenductive matetiah Gongductive fayes 4924s elegtricadly connected to
conductive layer 182 and analog and digital circuits 188. A conductive plug 196 is formed on 192 and
190, by Ciptatihg” SBRIET bhl Atk Sor witd BondihgC AndRSUIABRS or dielectric layer 194 is formed over
insulating layer 190 angrcontyetive layen $92 canthexpase eonduciive ehig196,prinspo dicirgiwhile in
wafer form, see FIGs. 3a-3b, using PVD, CVD, screen printing, spin coating, spray coating, lamination,

A 104 T aing B o &

molding, RiFtériig 6r tHeRRarsxid &{Gﬁ%evﬁs&%}’iﬁé 94 contains 'Sne or more layers™of Sio2,

Si3N4, SN pba2@5, Al203,1palyimide,:BOBp PBO, ror othersuitabledieleciria materialalnione
embodimgp(t), ins%l%tir%%la er 19? lhrrfltsianthi(:k]_pg:sg ng 15- %nd C(I)nrg[gg}siha{qh resrgstki)vityArtﬂaterial, such
asa polymerprﬁateria with filler, %Itperné‘tlvefy', a plurality ofvias s ff)rmedciﬁroug% insulating layer
194 priordo diding while iRguaféidformiusingilasepdriling, mechacioalidriling;ros deleprreactive ion etching
(DRIE). Tth_etYuia% extend.%ovgﬂ (eF %giduscéi 1(;tlayéer 192nge vias aﬁeefillet%vgit @I{Tpc%a%ré, Niaf\u, Ag, Ti,

T . . ;
W, poly-silicon, or otfler suitable electrical y conductive matgﬁaaﬂmL?smg electrolyticplating, electroless

plating pmes@,%r@h@pﬁﬂtap‘ﬁewf%bal debdsﬁibﬂq@qe@ési&)rformrz-dw@dioﬁwti@al Jaterconnect _
conductivg, plug, 196. anductive plugs 1,96 are.clectrigally canpected 1o conductiye Jayer 192. Conductive

layer 192 provides alignment tolerance for conductive plugs 196.
suitable attachment or bonding process. In one embodiment, the

bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 170. In some
applications, bumps 170 are reflowed a second time to improve
electrical contact to conductive layer 166. The bumps can also
be compression bonded to conductive layer 166. Bumps 170
represent one type of interconnect structure that can be formed
over conductive layer 166. The interconnect structure can also
use stud bump, micro bump, or other electrical interconnect.

FIGs. 5a-5f show another embodiment with substrate or
carrier 172 containing temporary or sacrificial base material
such as silicon, polymer, beryllium oxide, or other suitable
low—cost, rigid material for structural support. In FIG. 5a, an
interface layer or double-sided tape 173 is formed over carrier
172 as a temporary adhesive bonding film or etch-stop layer.

A plurality of semiconductor die 174 is provided in
wafer form, similar to FIG. 3a. FEach semiconductor die 174 has
a back surface 178 and active surface 180 containing analog or
digital circuits implemented as active devices, passive devices,

conductive layers, and dielectric layers formed within the die
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After dicing the semiconductor wafer, similar to FIG. 3c, semiconductor die 174 is positioned over and
mounted to carrier 172 and interface layer 173 using a pick and place operation. The insulating layer 194
provides a spacing or separation 198 of 15-90 pm between semiconductor die 174 and interface layer
173, as shown in FIG. 5b. In FIG. Sc, an encapsulant or molding compound 200 is deposited over
semiconductor die 174 and interface layer 173 using a paste printing, compressive molding, transfer

molding, fifidericapstant MoldiRg SFECUmeT it afor S Coatiiny, o otfidrstlitabf@applicator.

Encapsulaat 290 canderpelymes composite material, sueh as epexy resinavithifiller.iepaxy,acrylate with

filler, or polymer with proper filler. Encapsulant 200 is non-conductive and environmentally protects the

semiconduttdra&viCa ol eA8RTal elethEnts EdScorfiamitfiins 2" O K hoftion st Surface 202 of

encapsulantz@0 €an bereawvedtn an eptionakback garding ®petatiomsinailasie FGadeqto planarize

the encapsulant.and egpo e hack surface 178 of semiconductor die 174 for ESD control. In FIG.
rf

5d, carrier 172 and interfacelayer 173 hfd rémoved by cRSmical etéhing; mEEHSHIcA p&el-off, CMP,
mechanical iggindingy thermat bake slaser scanning, or veirstripping ta expase-canductisg piigso196.

contain IPDs, such as inductors, capacitors, and resistors, for
RF signal processing.

An electrically conductive layer 182 is formed over
active surface 180 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 182 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 182 is used later as an inductor
bridge to analog and digital circuits 188 as part of active
surface 180.

An insulating or dielectric layer 190 is formed over
active surface 180 and conductive layer 182 of semiconductor die
124 using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer
190 contains one or more layers of Si0O2, Si3N4, SiON, TaZ205,
Al1203, polyimide, BCB, PBO, or other suitable dielectric
material.

An electrically conductive layer 192 is formed over
insulating layer 190 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 192 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 192 is electrically connected to
conductive layer 182 and analog and digital circuits 188.

A conductive plug 196 is formed on 192 and 190, by Cu
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An insulating or dielectric layer 204 is formed over surface 205 of encapsulant 200, opposite surface 202,
using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal oxidation. The
insulating layer 204 contains one or more layers of Si02, Si3N4, SiON, Ta205, Al203, polyimide, BOB,
PBO, or other suitable dielectric material. The insulating layer 204 has a thickness of 5-50 pm. A portion
of insulating layer 204 is removed to expose conductive pIu%s 196. In,FIG. 5e, an electrically

conductive' Rlér 906 Fofomed et irfsutatiny la§ér 204 5s 'sefmetits 2064208 by dlé&trol§tic plating,

electroless plading rarcothek suitables melaldapesitiohvprocess Genductive dayer 206a-206h contains one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive

layer 20622568 &drf Bejefllé(c,etﬁca}l@/ZCOn?r?l%neﬁ?%‘?ec’c?trigﬁﬁfjig&gf'evc?d&}é%iljlg B thE t_Sightand function
of semicenductor diailv4. in wafEhe individual sectiarssof Genduistive tayes 266candyewound or coiled
in plan-view to produce or. exhibit inductivegroperties. For example, conductive layer 206d, 206e, 206f,

and 206¢°E5istituB Wolnd 6 spiFat thditsrwihys SEiiiar & RIG 4 The ThdtittorWlings 206d-206g are
disposedmwithin ag, intereannect tayer parattyor coripletelyowithinteefootprint of semidenductor die 174.
The inductor wings 206d-206g are electrically connected through c%cw ctiye plugs. 196 and conductive
layer 192%%400%009&3%%@ Féy%?gw?,r wﬁ%ﬁeogie‘yﬁt%gsasoa% F’:\ldEl%Jfor%ln gg’to\ée <§: r’icgllﬁ/z?:oo%n’nect the
inductor wing33p aralogiand digitaCeirciisd,8& Duettothe shickaésssotinsdlating iayer 194 (15-90 pm)

and thickness of infulatiﬁq layer 204 (5-50 , ind toy in%s 296d-2069 e.separated from
semiconénuac%tgrrdi% 174 by 20- %Oegﬁg%lgn%@mbég%er% inductor e|ﬁgs 6382 63 are separated from
semiconductorkdie 1544y 100 pth. Thesseparatidrabetweencinduetor aingsi 206d:206g &hd ,semiconductor

die 174 rggllé%esa%d%y_%%E%égs%&a&diigfr%sgﬁ Q fagtar. In FIG. 5f, an insulating or

passivation layer 208 is formed over insulating layer 204 and conductive layer 206 using PVD, CVD,
screen printing, spin cdsltingr 8pitayeoatingasiplerimyldrtthemhalvoxddation. Theriasulating kger 208

contains ofe of JMaEdayers f Si9% 3N, SINaTa2a%, ARG.onaigL maeralipving:iilar

insulating and structural properties. A portion of insulating layer 208 is removed to expose conductive
layer 20662 206¢ Carid 20619, Mechamy efeetitally tohauctie BRRB MarfAL%UepoRited over the

exposed gopgyctiye |ayar306a, RO6C,and 206k Lsing:RREVaROratian, electralytic plating pelectroless
plating, ball drop, or screen printing process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi, Cu,

solder, afd @othbifations therebpd with Al, Cu, Sn, Ni, Au, Ag, Ti, W, poly-
silicon, or other suitable electrically conductive material

using electrolytic plating, electroless plating process, or
other suitable metal deposition process to form z-direction
vertical interconnect conductive plug 196. Conductive plugs 196
are electrically connected to conductive layer 192. Conductive
layer 192 provides alignment tolerance for conductive plugs 196.

After dicing the semiconductor wafer, similar to FIG.
3c, semiconductor die 174 is positioned over and mounted to
carrier 172 and interface layer 173 using a pick and place
operation. The insulating layer 194 provides a spacing or
separation 198 of 15-90 um between semiconductor die 174 and
interface layer 173, as shown in FIG. 5b.

In FIG. 5c, an encapsulant or molding compound 200 is
deposited over semiconductor die 174 and interface layer 173

using a paste printing, compressive molding, transfer molding,
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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 206 using a suitable attachment or
bonding process. In one embodiment, the bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 210. In some applications, bumps 210 are reflowed a
second time to Improve electrical contact to conductive layer 206. The bumps can also be compression

bonded t0 tBRAGCRIEIAYEMIG6 BHRPS 218 rePreSBRToré BigerdrintercGRtdtt SHAELPE that'can be
formed oveneandugtive tayer 2661 The doterconnesh ptEuature: cam alseaisesstud L micro bump, or
other electrical Interconnect. . FIGs. 6a-6g show another embodiment with substrate or carrier 212
contains EHPSANY 6 SA&cidl bast Hilltefidl SitH s SHcdR: pbiyier, behfium B84, or other suitable
low-cost, atgig maderial fenstructueat suppordnymler 6a; an Ipteshaee layer vstouble-sided tape 213 is
formed over carrieﬁzgll% a agtem ora%_adhe ivetbondingoéilm or etch-stogtI%ir. A plurality of
semicondUEi6Pdi8 A5s %9 Vid&d T Wafer 1o Sirfiarf IS FE 34 BMR Yemic8n8dQ6F Gie>14 has a
back surface 24d8manthactivetsurfate220-cantainingaralog Dr digitat sireuitsnkinplemented as active
devices, ggssciv?n(ljg\éicgg, conductive layers, and dielectric layers formed within the die and electrically
Interconnec?ecf‘accoraing'to the electrical design and function of the die. For example, the circuit may
Include one or more transistotsi, diodesS, and Oiloer citiiteiementsformed withid active arface 220 to

Implement analo%l circuits or digital cirfugs, §<uch as QSP ASIC memory, Qr. othfr sigEnaI p&c&gessing
L . iy 7 .
circuit. Sé:r%tl%%\rfl%uctlo? d?g 2?5 rﬁéjyneaﬂso c%%tan? ?I%Bs,léﬁzho se m%lu%:%?s, calprg%:ltgr%, a(rj]d resistors, for RF

signal précessing. planar pgeelebiicallyeorductive layet 22208 fernmred bveradtivessukfate 220 using
PVD, CVD, electrolytic.hlating, elgctrpless plating progess; or other suitable metal deposition process.

Conductive layer 222 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Céndictive 1ayer ZZxisisedlidier aschniindastor bridde Y6 analby akdigital circuits

228 as part,of aclive SUrface 2201 o« 1 AR nslating,or dielegtric layer:23,sformed over active

surface 220 and conductive layer 222 of semiconductor die 214 using PVD, CVD, screen printing, spin
coating, Spraycoating, sittefifig oy thérnfdl BxidatiohSThe afseifatieiaper230 esntéfis one or more

layers of 5{02; . Si3N4, SION., FR205, Al203, polyimide, BsB1BBO, or other suitable dielectric material.

An insulating or dielectric layer 204 is formed over
surface 205 of encapsulant 200, opposite surface 202, using PVD,
CVD, screen printing, spin coating, spray coating, sintering or
thermal oxidation. The insulating layer 204 contains one or
more layers of Si02, Si3N4, SiON, Ta205, Al203, polyimide, BCB,
PBO, or other suitable dielectric material. The insulating
layer 204 has a thickness of 5-50 pm. A portion of insulating
layer 204 is removed to expose conductive plugs 196.

In FIG. 5e, an electrically conductive layer 206 is
formed over insulating layer 204 as segments 206a-206h by
electrolytic plating, electroless plating, or other suitable
metal deposition process. Conductive layer 206a-206h contains
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. Conductive layer 206a-206h
can be electrically common or electrically isolated depending on

the design and function of semiconductor die 174.
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An electrically conductive layer 232 is formed over insulating layer 230 using PVD, CVD, electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 232 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
Conductive layer 232 is electrically connected to conductive layer 222. A sacrificial layer 234 is
formed over insulating layer 230 and conductive |layer 232 prior to dicing while in wafer form, see FIG.

3a-3b. The sacrificial 1dy&t 234CoMt&HE bné<Srmoreslagérs STy film Wnd isackgrinding eipeLiiquid
photo resigtuarptection paste nlnonerermbedimentpthedhickness ekinsplatingdaygrt234Ais 15-90 pm.
After dicing the semiconductor wafer, similar to FIG. 3¢, semiconductor die 214 is positioned over and
mounted®d RBRTEr 12 -and iterfaE RYEr 255 L8NG & Pick shiPiace 8PeratioRSThé Latrifidadayer 234
provides acpacingherseparation 233 ob 2590 pmibetween semicanduciordia 214-andintertace layer
213, as shown in FIG, 6h. In FIG. 6¢, an encapsulant or molding compound 240 is deposited over
semiconduttor di8 21 S intérate A5er §f§ u iﬁégapﬁggtedp]n‘?i%ﬂﬁ?ré}grﬁﬁs%%sﬂ/e%olding, trgnsfer
molding, liqtuidrencapsutani molding avacimihl laminatiomspin eogting, taf ther sibtable-applicator.

Encapsulant 240 c chaeop:olﬁmer @Tposif mategaléguch as epoxy 6%%{[] %tg\ filler, epoxy acrylate with

. sSemlcon e & 1l or W1 . X are
filler, or po?ymer with proper iler. ncapsulant 2401 ién-condutive-and enw?onmentally protects the

semiconductortdevied fromeextemal efemeéntswand contamimnaints: plugs 196 and
conductive layer 192 to conductive layer 182, which operates as
an inductor bridge to electrically connect the inductor wings to
analog and digital circuits 188. Due to the thickness of
insulating layer 194 (15-90 pm) and thickness of insulating
layer 204 (5-50 pm), inductor wings 206d-206g are separated from
semiconductor die 174 by 20-140 um. In one embodiment, inductor
wings 206d-206g are separated from semiconductor die 174 by 100
pum. The separation between inductor wings 206d-206g and
semiconductor die 174 reduces eddy current losses and increases
Q factor.

In FIG. 5f, an insulating or passivation layer 208 is
formed over insulating layer 204 and conductive layer 206 using
PVD, CVD, screen printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 208
contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
or other material having similar insulating and structural
properties. A portion of insulating layer 208 is removed to
expose conductive layer 206a, 206c, and 206h.

An electrically conductive bump material is deposited
over the exposed conductive layer 206a, 206c, and 206h 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,
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A portion of surface 242 of encapsulant 240 can be removed in an optional back grinding operation,
similar to FIG. 4e, to planarize the encapsulant and expose back surface 218 of semiconductor die 214
for ESD control. In FIG. 6d, carrier 212, interface layer 213, and sacrificial layer 234 are removed
by chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or
wet stripping leaving cavity 246 under semiconductor die 214. In FIG. 6e, an insulating or

dielectric'iayet 252 iRHrREG bversirfacel 254 6Pencdpstildit 200! Sppddife SIFEe™42E Ghdtinto cavity
246 using PYDh LVt sereen peinfing, Spin ¢pating.cspsay geating, sintedng or therpal @xidation. The
insulating layer 252 contains one or more layers of Si02, Si3N4, SiON, Ta205, Al203, polyimide, BOB,
PBO, or Sihr SHTSHIB SRR e RE I One enibBLHRBAE Vo RiH 1agBF 255 15 fegosited as a
single or doubledayerdietecticmaterial bEriinsylatingdayer 252rhas adhicknessi afdrb) pmneA portion of
Insulating layer 252 is removed to expose caonductive layer 232. In_FIG. 6f, an electrically
conductive Tiyel 256 Ts folmed GVt HHRLTtGiayar 282 ds segnEHts 3564-256R By decirolytic plating,
electroless:plating, @rcdther suitable metaldepositionjarotess rCanductive 1ayer 2bbas2bih contains one
or more Ig er iog Al"%H’ssnbNi Asu,ééslglO or ro('gherr s#/i?glee electricglg/ or%dl#l:tiv% magerial(.)&or example,
conductiv I%yer %6’ may incfﬁ%% a séed ﬁayer of i/cU ofj'l' fWCU with setéctive Tu Iﬁ%ﬁng Followed by
seed layerlwettetching. Condactivetlayeo2sBirand 256kgxtends tnto thideemoved porioneofdinsulating

layer 252 to contact conductive layer.232. Canductive la er 256a-% ca%be ele Q ally common or
eIectri(:afﬁ/elS(():I(:jafitnéjdr Sesgéngd}n\éj%ﬂéf(fg]g d;?(:egig(r:1oarllnotf1}Jl uth%ﬁgyn 0 ggr%ico%%]ijctor%g 51? 0 The
individuak sectionsof conductivedlayér 256 ean bervwoundoreviledra plamvievato predbceoe@xhibit

i“d“C“VGo‘{F%erg_‘Sﬁdﬁ%ﬁz‘?@@8'5%89”%“’6 layer 2364, 2a686,,2°61, apd.226g consutiite, woynd or spiral

Inductor wings, similar to FIG. 4]. The Inductor wings 256d-256g are disposed within an Interconnect
layer parti@fy ertcinpledy withirre fédotprnt cfrsepticemdyctecdie izl Thetadgetonadigs 256d-256¢

are electrically connectegthroygh gondyctive layer232 ta.gongdugtive layer 222, which gperafes as an

Inductor bridge to electrically connect the Inductor wings to analog and digital circuits 228. Due to the
thickness°efthickhess of PRUIaliAG Taye IBZ drducter Wwitgs Zhbeiz86d aresapdratetfforiuch

semicondyctar;die 244, by, 25-460:pm In,qne emodiment, INductarwings 2564:26601a56-separated from

semiconductor die 214 by 120 pm. The separation between Inductor wings 256d-256g and semiconductor

die 214 reé@ides éddi EurFeritodse’s drf Intteakes' O dactdpPrort .  In FIG. 6a, an

interface layer or double-sided tape 213 is formed over carrier
212 as a temporary adhesive bonding film or etch-stop layer.

A plurality of semiconductor die 214 is provided in
wafer form, similar to FIG. 3a. Each semiconductor die 214 has
a back surface 218 and active surface 220 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 220 to implement analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 214 may also
contain IPDs, such as inductors, capacitors, and resistors, for

RF signal processing.
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In FIG. 69, an insulating or passivation layer 258 is formed over insulating layer 252 and conductive layer
256 using PVD, CVD, screen printing, spin coating, spray coating, sintering or thermal oxidation. The
insulating layer 258 contains one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material
having similar insulating and structural properties. A portion of insulating layer 258 is removed to expose
conductive layer 256a, 256¢, and 256h. An electrically conductive bump material is deposited

over the exposed condiictife ffer 258417560 HHAS56iFusiAy 3h evaporation BREEroRiR plating,

electroless-plating shallkdrep, opscreenpyinting process. d hedwap MmaterighcanibeyAl, Sn, Ni, Au, Ag, Pb,
B1, Cu, solder, and combinations thereof, with an optional flux solution. For example, the bump material

can be eGEehE EAS1, Shigh-Tedd SolHER OF Téad-free Soltier. THe by niAterat is'E&1ded to°Conductive
layer 2560using assuitablenattachiventiorshondirgppresessdnane embadiment athedumpg material is

reflowed by heating the material above its melting point to form spherical palls or bumps 260. In some
applivgatio% 4 bﬁﬂlfps%o A r:-:-%lg\’/vegralgg&%]é t?ﬁfégtgtkfrg%ro%ﬁeeeg5étij’igﬁﬁ%lntzi&r{g%(éjﬁaﬁaive layer 256.

The bumpsa tan &ddo. be compressior boaged t@ eanductivedayera256: Bumpsh260depresent one type of

Intercon e]_g::tL gtrgctgre thaa'g fgn be fgrmed ove5[ conductive Ia3é92r8256. The Igteor%o%necclt é(teructure can also

use stud ump? MiGro S‘lﬂlmp, Sr S%er%fe%%r?caa Irﬁé}:c%%lnié%t. *° FIG§ 78-7e shows another

embodiment, fcortinding .from FIG. 6d, with cavity 246 exposing semiconductor die 214 by stripping
sacrificial protection layer 234. An lectrically on(iuctive bump materé' l{s depgsited ver the exposed
conductive layer 232 V\%t%inlgas\}}tyaéefé while ingvlvg er Srrrﬁ %snlinagyaeﬁ: evggorétslon,oéiggt%ol)%ce Elating,
electroless-plating shvallfdrop, 82 Screed printidg process] agshoddn HGs FalThedumipr die

214 using PVD, CVD, screen printing, spin coating, spray
coating, sintering or thermal oxidation. The insulating layer
230 contains one or more layers of Si0O2, Si3N4, SiON, Taz05,
Al1203, polyimide, BCB, PBO, or other suitable dielectric
material.

An electrically conductive layer 232 is formed over
insulating layer 230 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 232 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 232 is electrically connected to
conductive layer 222.

A sacrificial layer 234 is formed over insulating
layer 230 and conductive layer 232 prior to dicing while in
wafer form, see FIG. 3a-3b. The sacrificial layer 234 contains
one or more layers of dry film and back grinding tape, liquid
photo resist, or protection paste. In one embodiment, the
thickness of insulating layer 234 is 15-90 um.

After dicing the semiconductor wafer, similar to FIG.
3c, semiconductor die 214 is positioned over and mounted to

carrier 212 and interface layer 213 using a pick and place
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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 232 using a suitable attachment or bonding process. In one
embodiment, the bump material is reflowed by heating the material above its melting point to form
spherical balls or bumps 270. In some applications, bumgs 270 are reflowed a second time to improve

electrical SoRtact 10 Condd&tvedayer 33 The BEMBS can alsdF By t8Rréssiar bdbrdedto conductive

layer 232 Bumps2 40, represert ane-type,of iMetcanpectsirucivresihat 6an dedormed gwer conductive
layer 232, The interconnect structure can also use stud bump, micro bump, or other electrical

interconnedE ST £2C€ FBY9h shbws &7 effibotiment Wiltf ba8kyrinding tape 262 and protection liner 264

formed over bumps 270randriosulating ayes 238 whilestntwvaler foynu 1a §neeipbediment,dtape 262 can

be a thermal resistant resin. The hackgrinding tape 262 and protection liner 264 provide structural support
SRR BRY%

during backgrifdihgand fitingSperaiioh Sh G& 58 and%e. ! IG. 7c, an

insulatingmer diglectric kayer 272 is: fatmedaves stface 2 74 of @hcgpsulanth24Q; opposiie sgrface 242,
and into cavity.246 over bumps 270 using PVD, CVD, screen. printing, spin coatin ray coating,
Cintering b i mal Ko T TR o6 75 oo oris by moFe oy ere o, S13nd, SION,
Ta205, At208; polyimide; BEBRBO¢ et other stiitable diélectriciiateriah Ibheneemibediment, insulating
layer 272 is de o%%dﬁg a sin%If orsdl%xtllalealayer %ielectric materi%lhTQel irlseulatin%lgév(%ezr 272 has a

p s

: £ ) . ,
thickness of 5- po?tlroln of insulating fayee]? 7% is removed fo expose bum 0. In FIG.

7d, an eletctri&éflwt@orlvduldtivéidyleﬁzmds fmmmmmmammq 272 asrsegments 27_6a-276h by
electrolyti plafing, electrolgss plating,,or.ather suitahle g%%f%%&%%ﬁ%er@g?ﬁ( Genductive layer

276a-276h contains one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Foe example wdnduetivelRyer276 neay mshelera seed kiyen of [IAWor TIW/Cu with selective
Cu plating fallowed by seed layer wet etching. Conductive layer 276b and 276f extends into the removed
portion of insulating layer 272 to contact bumps 270. Conductive layer 276a-276h can be electrically
common or electricallyis®lateel dapehilirf 6 #5e dédign FndTufeici dPSemicoRdGetdr Bfe 214.

removed in an optional back grinding operation, similar to FIG.
4e, to planarize the encapsulant and expose back surface 218 of
semiconductor die 214 for ESD control.

In FIG. 6d, carrier 212, interface layer 213, and
sacrificial layer 234 are removed by chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake,
laser scanning, or wet stripping leaving cavity 246 under
semiconductor die 214.

In FIG. 6e, an insulating or dielectric layer 252 is
formed over surface 254 of encapsulant 240, opposite surface
242, and into cavity 246 using PVD, CVD, screen printing, spin
coating, spray coating, sintering or thermal oxidation. The
insulating layer 252 contains one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, polyimide, BCB, PBO, or other suitable
dielectric material. 1In one embodiment, insulating layer 252 is
deposited as a single or double layer dielectric material. The

insulating layer 252 has a thickness of 5-50 pm. A portion of
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The individual sections of conductive layer 276 can be wound or coiled in plan-view to produce or exhibit
inductive properties. For example, conductive layer 276d, 276e, 276f, and 276g constitute wound or spiral
Inductor wings, similar to FIG. 4]. The Inductor wings 276d-276g are disposed within an Interconnect
layer partially or completely within a footprint of semiconductor die 214. The Inductor wings 276d-2769g
are electrically connected through bumps 270 and conductive layer 232 to conductive layer 222, which

operates-H3S3ht fHdtitor Qe t6 electicdif Ot ctthehBactor firgefo-dndog aKaTdiditd circuits 228.

Due to the thickness ofrinsatating dayer 27 2 inductardaings 276dR/6gi e sepasatedFrmom semiconductor
die 214 by 25-160 pm. In one embodiment, Inductor wings 276d-276g are se%arated from semiconductor
die 214 b%//oﬁﬁ)e&n‘?‘fﬁﬁ sePaHatd Ostweal Jhdidctor fhgs 22 P64 aRd senfiCoritiictor die 214

reduces eddr-cursentdessesiand greasesc@Hactoss platind;iGoreoan disuatingseripassivation layer
278 is formed over insulating layer 272 and cocndu(gtive la er%76 usi?jPVD CVD, scrgenég;rinting, spin
coating, Spra§ coafikg sinterilg BF tr&rital oxidaltioh SThe Tstiatig 1ayer 578 RBnaME 6re 8r more
layers of Gi@2,&i3M4r SiQN y Ea20m AI2Q3, angthenmaterial dayingssimilar inshkatingandsstiuctural
properties.lAgggtion ?[f insulg}liggclzq%/.er 278 i%éemoYed t%gxpose corlductive Ia%er 276a, gg}c, and 276h.

1 : p
An electr%aﬁy condactive k?ump material @%Iepgéﬁed over tﬁe%%%%ge& conduc %%Héygr af%?Gc, and

276h using anrevaporationdelectroltid platingy etettrbiesSplating Balldrop,iahscreér printirg process.
The bum matﬁgigli%an Q%ﬂ,o%n,d\lgﬁAuéégdeaBi Cu S%lde rtggd combi atié)ns thereof, with an
et

optional flix Solution. For examp? ¢ bump maté/réle]fl c“é% e eutectic 5n/ k?,%lblﬁ-tfeléffso %éﬁ%r

Iead-free%’i)@deramﬁe bubip ﬁl?&t@ﬂralﬂss boﬁ@ectt(ﬁcqmv_ivel Iay@r?ﬂ@mshfg_ iarwﬁlébtéiatt_achment or
bonding progess. Jg one embediment, the bump materiglis reflowed by heating the majerial above its

melting point to form spherical balls or bumps 280. In some applications, bumps 280 are reflowed a
second tidfe Ry iRigrove elechicat tontact rédnductive taye? 2 761 Fhe hupaps. vant alksbaieecompression

bonded tq,conduative laye20Bumgs 280 depigsept are bpe.ahiniespnnad stielur that can be

formed over conductive layer 276. The interconnect structure can also use stud bump, micro bump, or
other electrical intercofiect 1 ndividnmile Hretorafsreémbeaifierts Of tHe presenP vedtiorPhave been

illustrated; in defail, the skilled artisan will sprrgciate halmedificationsiand: adapiations; tpthose

embodiments may be made without departing from the scope of the present invention as set forth in the

fomWanRﬁﬁﬁ%Fties' For example, conductive layer 256d, 256e, 256f, and
256g constitute wound or spiral inductor wings, similar to FIG.
4. The inductor wings 256d-256g are disposed within an
interconnect layer partially or completely within a footprint of
semiconductor die 214. The inductor wings 256d-256g are
electrically connected through conductive layer 232 to
conductive layer 222, which operates as an inductor bridge to
electrically connect the inductor wings to analog and digital
circuits 228. Due to the thickness of thickness of insulating
layer 252, inductor wings 256d-256g are separated from
semiconductor die 214 by 25-160 pum. In one embodiment, inductor
wings 256d-256g are separated from semiconductor die 214 by 120
pm. The separation between inductor wings 256d-256g and
semiconductor die 214 reduces eddy current losses and increases
Q factor.

In FIG. 6g, an insulating or passivation layer 258 is
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Claims What is claimed: 1. A method of making a semiconductor device, comprising: providing a carrier;
forming an adhesive layer over the carrier; providing a semiconductor die having a plurality of bumps
formed over an active surface of the semiconductor die; mounting the semiconductor die to the carrier
with the bumps partially disposed in the adhesive layer to form a gap between the semiconductor die and

adhesive layer; , , , ,
formed over insulating layer 252 and conductive layer 256 using

PVD, CVD, screen printing, spin coating, spray coating,
sintering or thermal oxidation. The insulating layer 258
contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
or other material having similar insulating and structural
properties. A portion of insulating layer 258 is removed to
expose conductive layer 256a, 256c, and 256h.

An electrically conductive bump material is deposited
over the exposed conductive layer 256a, 256c, and 256h 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 256 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 260. In some
applications, bumps 260 are reflowed a second time to improve
electrical contact to conductive layer 256. The bumps can also
be compression bonded to conductive layer 256. Bumps 260
represent one type of interconnect structure that can be formed
over conductive layer 256. The interconnect structure can also
use stud bump, micro bump, or other electrical interconnect.

FIGs. 7a-7e shows another embodiment, continuing from
FIG. 6d, with cavity 246 exposing semiconductor die 214 by
stripping sacrificial protection layer 234. An electrically
conductive bump material is deposited over the exposed
conductive layer 232 within cavity 246 while in wafer form using
an evaporation, electrolytic plating, electroless plating, ball

drop, or screen printing process, as shown in FIG. 7a. The bump
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depositing an encapsulant over the semiconductor die and within the gap between the semiconductor die
and adhesive layer; removing the carrier and adhesive layer to expose the bumps from the
encapsulant; forming an insulating layer over the encapsulant; and forming a first conductive layer
over the insulating layer in a wound configuration to exhibit inductive properties and electrically connected
to the bumps, the first conductive layer having a separation from the semiconductor die as determined by

the encaPstigat\withifitRe Gapahd the indlitatidg ayef 2. Fiie Mbthdd ef &R E S urtherincluding:
removing-a peLtionafdhe instdatingrlayan tohexposedbe dumps: B 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 232 using a suitable attachment or bonding
process. In one embodiment, the bump material is reflowed by
heating the material above its melting point to form spherical
balls or bumps 270. In some applications, bumps 270 are
reflowed a second time to improve electrical contact to
conductive layer 232. The bumps can also be compression bonded
to conductive layer 232. Bumps 270 represent one type of
interconnect structure that can be formed over conductive layer
232. The interconnect structure can also use stud bump, micro
bump, or other electrical interconnect.

FIG. 7b shows an embodiment with backgrinding tape 262
and protection liner 264 formed over bumps 270 and insulating
layer 230 while in wafer form. In one embodiment, tape 262 can
be a thermal resistant resin. The backgrinding tape 262 and
protection liner 264 provide structural support during
backgrinding and dicing operations, such as shown in FIGs. 3c
and 4e.

In FIG. 7c¢, an insulating or dielectric layer 272 is
formed over surface 274 of encapsulant 240, opposite surface
242, and into cavity 246 over bumps 270 using PVD, CVD, screen
printing, spin coating, spray coating, sintering or thermal
oxidation. The insulating layer 272 contains one or more layers
of Si02, Si3N4, SiON, Taz205, Al1203, polyimide, BCB, PBO, or
other suitable dielectric material. In one embodiment,
insulating layer 272 is deposited as a single or double layer
dielectric material. The insulating layer 272 has a thickness

of 5-50 pum. A portion of insulating layer 272 is removed to
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forming a second conductive layer over the insulating layer and bumps prior to forming the first
conductive layer, the second conductive layer following a contour of the insulating layer and bumps. 3.
The method of claim 1, wherein the first conductive layer is separated from the semiconductor die by
20-140 micrometers. 4. A method of making a semiconductor device, comprising: providing a
semiconductor die; forming a first insulating layer over a first surface of the semiconductor die;
depositinﬁ%éﬁc&%&‘ﬂ%t %V/é]r a second surface of the semiconductor die opposite the first surface;

In FIG. 7d, an electrically conductive layer 276 is
formed over insulating layer 272 as segments 276a-276h by
electrolytic plating, electroless plating, or other suitable
metal deposition process. Conductive layer 276a-276h contains
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. For example, conductive layer
276 may include a seed layer of Ti/Cu or TiW/Cu with selective
Cu plating followed by seed layer wet etching. Conductive layer
276b and 276f extends into the removed portion of insulating
layer 272 to contact bumps 270. Conductive layer 276a-276h can
be electrically common or electrically isolated depending on the
design and function of semiconductor die 214.

The individual sections of conductive layer 276 can be
wound or coiled in plan-view to produce or exhibit inductive
properties. For example, conductive layer 276d, 276e, 276f, and
276g constitute wound or spiral inductor wings, similar to FIG.
45. The inductor wings 276d-276g are disposed within an
interconnect layer partially or completely within a footprint of
semiconductor die 214. The inductor wings 276d-276g are
electrically connected through bumps 270 and conductive layer
232 to conductive layer 222, which operates as an inductor
bridge to electrically connect the inductor wings to analog and
digital circuits 228. Due to the thickness of insulating layer
272, inductor wings 276d-276g are separated from semiconductor
die 214 by 25-160 pm. In one embodiment, inductor wings 276d-
276g are separated from semiconductor die 214 by 120 pm. The
separation between inductor wings 276d-276g and semiconductor
die 214 reduces eddy current losses and increases Q factor.

In FIG. 7e, an insulating or passivation layer 278 is

formed over insulating layer 272 and conductive layer 276 using
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forming a second insulating layer over the first surface of the semiconductor die; and forming a first
conductive layer over the second insulating layer in a wound configuration to exhibit inductive properties,
the first conductive layer having a separation from the semiconductor die. 5. The method of claim 4,
wherein providing the semiconductor die includes: forming circuits on the first surface of the
semiconductor die; and forming a second conductive layer over the first surface of the semiconductor

die electricAtly coliRectiify e firBt ddtduttive fay/et andthé ticuit® " 6YTHRE fethad of claim 4, wherein
the first conduetivenlgyer-ismpastiallyidispased wishin a foatprintof the seicongduetor tie.

contains one or more layers of Si02, Si3N4, SiON, Taz205, Al203,
or other material having similar insulating and structural
properties. A portion of insulating layer 278 is removed to
expose conductive layer 276a, 276c, and 276h.

An electrically conductive bump material is deposited
over the exposed conductive layer 276a, 276c, and 276h 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 276 using a
suitable attachment or bonding process. In one embodiment, the
bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 280. In some
applications, bumps 280 are reflowed a second time to improve
electrical contact to conductive layer 276. The bumps can also
be compression bonded to conductive layer 276. Bumps 280
represent one type of interconnect structure that can be formed
over conductive layer 276. The interconnect structure can also
use stud bump, micro bump, or other electrical interconnect.

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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7. The method of claim 4, further including: removing the first insulating layer prior to forming the
second insulating layer; and forming a plurality of conductive vias through the second insulating layer.
8. A semiconductor device, comprising: a semiconductor die; a first insulating layer formed over a first
surface of the semiconductor die;

Claims

What is claimed:

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

providing a carrier;

forming an adhesive layer over the carrier;

providing a semiconductor die having a plurality of bumps
formed over an active surface of the semiconductor die;

mounting the semiconductor die to the carrier with the
bumps partially disposed in the adhesive layer to form a gap
between the semiconductor die and adhesive layer;

depositing an encapsulant over the semiconductor die and
within the gap between the semiconductor die and adhesive layer;

removing the carrier and adhesive layer to expose the bumps
from the encapsulant;

forming an insulating layer over the encapsulant; and

forming a first conductive layer over the insulating layer
in a wound configuration to exhibit inductive properties and
electrically connected to the bumps, the first conductive layer
having a separation from the semiconductor die as determined by

the encapsulant within the gap and the insulating layer.

2. The method of claim 1, further including:

removing a portion of the insulating layer to expose the
bumps; and

forming a second conductive layer over the insulating layer
and bumps prior to forming the first conductive layer, the
second conductive layer following a contour of the insulating

layer and bumps.
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an encapsulant deposited over a second surface of the semiconductor die opposite the first surface; a
second insulating layer formed over the first surface of the semiconductor die; and a first conductive
layer formed over the second insulating layer in a wound configuration to exhibit inductive properties, the
first conductive layer having a separation from the semiconductor die. 9. The semiconductor device of
claim 8, wherein the first conductive layer is separated from the semiconductor die by 20- 140

micrometers. 18PFh&SERRCOrttictor Helick of CISRTE Pfulther inthiting 8 piality Vst comdtttive vias

formed thrgugh the-first instasingtiayesemi conductor die by 20-140 micrometers.

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

providing a semiconductor die;

forming a first insulating layer over a first surface of
the semiconductor die;

depositing an encapsulant over a second surface of the
semiconductor die opposite the first surface;

forming a second insulating layer over the first surface of
the semiconductor die; and

forming a first conductive layer over the second insulating
layer in a wound configuration to exhibit inductive properties,
the first conductive layer having a separation from the

semiconductor die.

5. The method of claim 4, wherein providing the semiconductor
die includes:

forming circuits on the first surface of the semiconductor
die; and

forming a second conductive layer over the first surface of
the semiconductor die electrically connecting the first

conductive layer and the circuits.

6. The method of claim 4, wherein the first conductive layer
is partially disposed within a footprint of the semiconductor

die.
7. The method of claim 4, further including:

removing the first insulating layer prior to forming the

second insulating layer; and
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forming a plurality of conductive vias through the second

insulating layer.

8. A semiconductor device, comprising:

a semiconductor die;

a first insulating layer formed over a first surface of the
semiconductor die;

an encapsulant deposited over a second surface of the
semiconductor die opposite the first surface;

a second insulating layer formed over the first surface of
the semiconductor die; and

a first conductive layer formed over the second insulating
layer in a wound configuration to exhibit inductive properties,
the first conductive layer having a separation from the

semiconductor die.

9. The semiconductor device of claim 8, wherein the first
conductive layer is separated from the semiconductor die by 20-

140 micrometers.

10. The semiconductor device of claim 8, further including a

plurality of conductive vias formed through the first insulating

layer.
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