SEMICONDUCTOR DEVICE AND METHOD OF FORMING IPD STRUCTURE USING SMOOTH
CONDUCTIVE LAYER AND BOTTOM-SIDE CONDUCTIVE LAYER Field of the Invention The
present invention relates in general to semiconductor devices and, more particularly, to a semiconductor
device and method of forming an IPD structure using a smooth conductive layer and bottom-side
conductive layer, and an enceﬁgﬁon as supporting bulk material. Background of the Invention
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one type of electrical component, e.g., light emitting diode (LED), small signal transistor, resistor,
capacitor, inductor, and power metal oxide_semi onog‘uctor field effect transistor (MOSFET). Integrated
semiconductor devices typically contarrr'l"rﬁfhcgrggs B miltdNS8F 88 rical components. Examples of
integrated semiconductor devices include microcontrollers, microprocessors, charged-coupled devices
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signals, controllingdelectranidelevices, transforming swuntighttoleledtricity, @nd creating uisuakpnojections
for television displays, Semiganuctordsvices are foupd in the fields of nterainment, .,
conductive layer and bottom-side conductive layer, and an

encapsulation as supporting bulk material.
Background of the Invention

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

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

devices are found in the fields of entertainment,



communications, power conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive, industrial controllers, and office
equipment. Semiconductor devices exploit the electrical properties of semiconductor materials.
The atomic structure of semiconductor material allows its electrical conductivity to be manipulated by the

application of an electric field or through the process of doping. Doping Introduces impurities into the
semiconfiREBHatstat 86! franiilite &GOl the cBRJUGRAL of HaBethitoRduétat device. A
semicondusier grvice eoptanssactiveantpassive electiical steuctdres. Active stuetiires, including bipolar
and field effect transistors, control the flow of electrical current. By vary,in%elevels of doping and

applicatioh of-&r7 Bl cBi el BF bABE cufréht the Trandidts¥itheY promBiEsdrredtticts the flow of

electricalcsifrent 1Rassive sthdctues; feluding pesistors, capacitors, and inductors, create a relationship
between voltage and current necessary to perform a varigr?/, of elgctric | functjons, The passive and active
structures are electrically ®oRRBERE 18 fornT LirCiits, WHicty shabid thé semidordiictor device to perform
high-speed caleulations @ahdctherusefulfunetions.er i al s Semicenducior devices araxgenerally
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semiconductor material to manipulate and control the

conductivity of the semiconductor device.

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

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. 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 provide structural support and
environmental isolation. One goal of semiconductor manufacturing is to produce smaller
semiconductor devices. Smaller devices typically consume less power, have higher performance, and can
be produced more efficiently. In addition, smaller semiconductor devices have a smaller footprint, which is
desirable for smaller end products. A smaller die size may be achieved by improvements in the front-end
process reStMgIH dte ith shiamlr Highérdermdityhctivd ShdPussRRCGHHpORertS SBEdEeh@ processes
may resultrin-sendcenductendeyvices pagkagesanith asimallenteotpent bysimprevements in electrical
interconnection and packaging materials. | Another goal of semiconductor manufacturing is to
produce higher performaiice’SémicBhda&idr delidBs Hitrdiset iR dbvics Berfomance tai e
accomplished by forsring astive eenponentsdbat aresgapahie ofleperading afbigher speeds. In high
frequency applications, such as radio frequenc RIZ)%wir less communications, integrated passjve
devices (PDS)Afe o comtABe Wi the SamicaRalEter HEvice: ExAmpled ofIPDE aitde fesistors,
capacitonspard #fdiictdrsnA typicalliRF systeni equiresanulipleskbscinrohecaomode sedconductor
packages to perform the necessary electrical functions. . e capacitor i ically formed from
Cocke U Of TRIET e ILias et etal (MR oAc65TAE SErTacEs BEReLIF e Houtator and
metal areptypitadly mot simosths Thernoh-smootte sudacdeallaws partiete scand. hildockstterties formed
between the diglectric and metal layers. The-MIM capacitor must.have a high Q factor for optimal RF
performa%gg. Ifgv?/g\gere, tge Bgﬁi%%%sarﬁf ﬁm]ll\gclk% bgtr\}ve%%ethg Hl:e egtﬂ%%%%rrhe%[ ?a%%?s increase the
effective deries resistahcer (E SR oPthesMIiM capapitors which retiuces ¢hnel Qofactor skkeaddition, the
electrostglie.diseharge (ESD) Araiectian Ieue) of ine MM capaciiar.is dearadad by the galiles,and
hill-locks between the dielectric and metal layers. Summary of the Invention A need exists for a
MIM capé&sitorapddrgnetor withrhigh ©cfactiors andrHighr feveh of ESDNpratettiphcAgedraingly, in one
embodiment, the present invention is a method of making a semiconductor device comprising the steps of
providing a temporary substrate, forming an interface layer over the temporary substrate, forming a
smooth conductive layBP6Vérahe Fftetfaté |- formiiea firstTesiidiiglayereversa first surface of the

smooth copduyctive layehdorming a-seconddnsuating layerpyer the firstinsulating Jayer andifirst surface
of the smooth conductive layer, removin%% portion of the second insulating layer to expose the first

insulating'RYef 8n8 it FaBe fyRr Formirgy & firsteBhdgaR/e 18YerfGver tRe fifst frisifating layer and

interface daygs ofesming athird insulatingdayer over the secondinsulating ayer anddirst conductive layer,
removin%the temporary substrate to expose the interface layer, removing a portion of the interface layer

to exposé HE sihbBHPES AL CHTR fayet ahd T st cotfduchive T/t Fofrmitfg e Be€ondiEdnductive layer over
the first conductiveslayemane asecopd sprfage of the- smoptxeanduclivg layes opppsitg the-first surface of

the smooth conductive layer, and for,min% a fourth insulating layer over the second conductive layer and
: e contained within the semiconductor device. Examples of
interface :
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 capacitor is typically formed from stacked layers
of metal, insulator, and metal (MIM capacitor). The surfaces
between the insulator and metal are typically not smooth. The
non-smooth surface allows particles and hill-locks to be formed
between the dielectric and metal layers. The MIM capacitor must
have a high Q factor for optimal RF performance. However, the

particles and hill-locks between the dielectric and metal layers

increase the effective series resistance (ESR) of the MIM



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of forming a smooth conductive layer, forming a first insulating layer over a first surface of the
smooth conductive layer, forming a second insulating layer over the first insulating layer and first surface
of the smooth conductive layer, removing a portion of the second insulating layer to expose the first

insulating layer, forming a first conductive Ia)éer over the first insulatin ger forming a third insulating
layer over #& SCoHt in€0iatiRg TR & fir ?c@‘noﬁ%ﬁ@@?&yeﬂfbrﬁﬁ%ﬁl §8Bond E6nductive layer over a

second syrfaee b theasmeoti condiictive layen ppposite theifirst sudace efrthersmenti conductive layer,
and forming a fourth insulating layer over the second conductive layer. In another embodiment,

the presett fVehtioh is & MERbATT haking AsemmiEonductsr éé\ﬂcélé&r]npjﬂg%sthges@ﬁse& forming a

smooth conductivel layer; ferming adirstinsulafieg dayer over a first surface of the smooth conductive
layer, forming a first conductive layer over the first insulating Layer, forming a second insulating layer over
the first insulating layer and first conductive layer, forming a second conductive layer over a second
surface of the smooth conductive laySuomaasitecthetfhist Anfseetafdehe smooth conductive layer, and
forming a third insulating layer over the second conductive Layer. In another embodiment, the
present invention is a semiconductor device comprising a smooth conductive layer and first insulating
layer formed over a firgt suefade ©f thyer smboth eontliidtive eyer L Afirstrebndudtive: tayew istformed over the

first In5u|ﬁl’u%% agef Aégg(%n%hn u{,?,tl g Yer |§ forp%is ver thg fir tlnsulatl %]Iager and flrst conductive
layer. A second conductive layer is oﬁ‘ne over a secon rface o e smoot condhcﬁvé/fayer opposite

the first _sunfage@f theosmhootmeonductive taesnA thmd/msma:ttmgﬂay@r isdaimeed overnthkisecond
conductive layer, Brief Descyption.of he, Rrawings, . EL@ST Jlspiates; g PGB with different types of

packages mounted to its surface;
temporary substrate, forming an interface layer over the

temporary substrate, forming a smooth conductive layer over the
interface layer, forming a first insulating layer over a first
surface of the smooth conductive layer, forming a second
insulating layer over the first insulating layer and first
surface of the smooth conductive layer, removing a portion of
the second insulating layer to expose the first insulating layer
and interface layer, forming a first conductive layer over the
first insulating layer and interface layer, forming a third
insulating layer over the second insulating layer and first
conductive layer, removing the temporary substrate to expose the
interface layer, removing a portion of the interface layer to
expose the smooth conductive layer and first conductive layer,
forming a second conductive layer over the first conductive
layer and a second surface of the smooth conductive layer
opposite the first surface of the smooth conductive layer, and
forming a fourth insulating layer over the second conductive
layer and interface layer.

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



FIGs. 2a-2c illustrate further detail of the representative semiconductor packages mounted to the PCB;
FIGs. 3a-3g illustrate a method of forming a MIM capacitor with a smooth conductive layer and
bottom-side conductive layer; FIG. 4 is a schematic representation of the IPD structure; FIG. 5
illustrates another method of forming a MIM capacitor with a smooth conductive layer and bottom-side
conductive layer; and FIG. 6 illustrates another method of forming a MIM capacitor with a smooth

conductivelaéF and bdfteri=Side LondGEtivelayar Detaitétf Beséription'dfthe Bta ng

layer over a first surface of the smooth conductive layer,
forming a second insulating layer over the first insulating
layer and first surface of the smooth conductive layer, removing
a portion of the second insulating layer to expose the first
insulating layer, forming a first conductive layer over the
first insulating layer, forming a third insulating layer over
the second insulating layer and first conductive layer, forming
a second conductive layer over a second surface of the smooth
conductive layer opposite the first surface of the smooth
conductive layer, and forming a fourth insulating layer over the
second conductive layer.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
forming a smooth conductive layer, forming a first insulating
layer over a first surface of the smooth conductive layer,
forming a first conductive layer over the first insulating
layer, forming a second insulating layer over the first
insulating layer and first conductive layer, forming a second
conductive layer over a second surface of the smooth conductive
layer opposite the first surface of the smooth conductive layer,
and forming a third insulating layer over the second conductive
layer.

In another embodiment, the present invention is a
semiconductor device comprising a smooth conductive layer and
first insulating layer formed over a first surface of the smooth
conductive layer. A first conductive layer is formed over the
first insulating layer. A second insulating layer is formed
over the first insulating layer and first conductive layer. A
second conductive layer 1is formed over a second surface of the

smooth conductive layer opposite the first surface of the smooth



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
equivaleftS S tippbfted B the folfowiRg disclosiite Bhddranigss 15 LoBemicorGdctérGevices are
generallygnapufactied wsthgwol eqmplex 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 electri@dy eonDecied iptdom floEtibhal @eawtabarcuits. Active electrical
components, such as transistors and diodes, have the ability to control the flow of electrical current.
Passive electrical components, such as capacitors, inductors, resistors, and transformers, create a
relationship between veltage and turrentaeeassarptBperfarm elettiiat aircuit/ funstiorts. Passive
and active cokmponents arecfocﬁmgd over the sgrface. of the semiconductor wafer by a series of process
steps inci%l|cng‘318c(§”|f)s”|nIél,O Eélpc()esniono, %of’olﬁt%gr%ﬁﬁy, etching, and planarization. Doping introduces
impurities into the semicbhducton r2ateriallstechnigues suich asden amplantationeor thermal diffusion.
The doping pracessmedifies Ine, elestrical. pandyctivity of semicandugtar matgrian,active devices,
transforming the semiconductor material into an Msu atgr, conductor, or djynamlcal y changing the
semiconductor material €6rductivity dn tesponse as anzelectrib fielddr Basancursert. Mididhsistors contain
regions of yarying types.and deqrges of daping, arranged;as necessary, g engble the transistor to promote
or restrict the flow of electrical current upon the application 0f the electric field or base current.

Active angopalsifelempenénts are formed by layers of materials with different electrical properties. The

layers can be formed by, varjety of depositign technigues. determined:in part by. thetype of material
I

being deposited. For example, thin film deposition may involve chemical vapor deposition (CVD), physical
vapor depsitiert (P¥D), electrolytic plating, and electroless plating processes. Each layer is generally

patterned to form portigns;of active)GOMPANeNSs.PASSIE CRMPARRNtS FOreJesiricgl conpagtions between
components. The layers can be patterned using photolithography, which involves the deposition

of light sérfsiRrelinatertal,feig2 phBRsESisE YVer tHe [a§er &Y6& patternedt AoFatferA%s transferred from a
photomask tjtherphrtoresist usinglight.

FIG. 6 illustrates another method of forming a MIM
capacitor with a smooth conductive layer and bottom-side

conductive layer.

Detailed Description of the Drawings

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

included within the spirit and scope of the invention as defined



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

the undefying PateiP aAd eredte A Aoh-Bform§ fat SGifaces e thiforfly FaPERFa& isEqhrsd to

produce sallerand;more desselyfpackad @ctive agd 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 HEWaRT Wit 4 pdfidhifiG Dadr AnEBraSite WatbARHRI Lo &Sive Ehefical are

added tothe sudage ektheawates duting pelishinge Ebe sombingdt meshanigal.@ctionefithe abnasive and

corrosive action of the che%ﬂcal removes an)éirregular tolrﬁo%ra?ohé/ resulting.in a niforml\é flat surface.
@ fihish

Back-end anufattufiig Fersrs o ciittihg of ‘singulatitg the'th Safey thB‘fﬁg Yisefiviali&l die and then
packagingdhedie tat striicturallsuppott-agncbenvtenmentahisokationate stfguate the die, the wafer is

scored and broken alon% non-fgnctionaé re iogs of the W%fer caged saw streets or scribes. Thg wafer is
. emlconciluct r warer acgb dl.e C'l{l the Kiiat er COl’ldall’lS a 1ve an
smgulateé using a laser cutting tool or saw blade. Atter singulation, the individual die are mounted to a

package sabstiate thatlncludes pinopcortactspadsiforinterconagetidr with otlyercsysterm tcamponents.

Contact pads formed ove the samicpndutor die are then connegtertg contact pads within the package.
The electrical connections can be made with solder bumps, stud bumps, conductive paste, or wirebonds.

An enca@ﬂmm@tmr_rﬂ_okdﬁhgamatefr%val_iss'td@p@ﬁteﬂr@/@ib@lpaeké@f&) priovideqphysical sapport _and
electrical igolation. The finished package is then nsarted ipio an glectrical systepm and the functionality of

the semiconductor device is made available to the other system components. FIG. 1 lllustrates
electronic deyiee S0ttavikg althip caries sulbstrate or RTR 51With ahuralig st sedtidonductor packages

mounted on.its syrfage. Electronic device 50_may haye ongdype of, semiconductor package, ar multiple

types of semiconductor packages, depending on the application. The different types of semiconductor
packages' @RESKHGWH it PIGSE fotpurpasestorifastratiohcuit fupfctomic device 50 may be a

stand-alone system that-ises.the semicenductorPackages t perfarm oReHr mote-elegtiical functions.
Alternatively, electronic device 50 may be a subcomponent of a larger system. For example, electronic

device 5C Hiay& a Graphis E8FH FeBVokbRterfidear®YorrotREF difRalPiroeEssiRg tard fHat can be

Inserted inte a.comppteL Jhesemiegrductor package:can inehidepiGroPIocessers, mempries,

amﬂma“%lzgﬂﬁT;g?¥gngiDoping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material in active devices,
transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
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



circuits (ASICs), logic circuits, analog circuits, RF circuits, discrete devices, or other semiconductor die or
electrical components. In FIG. 1, PCB 52 provides a general substrate for structural support and
electrical interconnect of the semiconductor packages mounted on the PCB. Conductive signal traces 54
are formed over a surface or within layers of PCB 52 using evaporation, electrolytic plating, electroless
plating, screen printing, or other suitable metal deposition process. Signal traces 54 provide for electrical

communicafion Bénieehn EXEIFofthe™EritdAdudterpackigeeShictfited EGHpEieme;and bthet external
system cempengsise J 1acesnShalsoiprovidedawrianesgrolngd senaegtions-togachcefiihe semiconductor
packages. , In some embodiments, a semiconductor device has two packaging levels. First level
packaging1¥ &t6eHniYaE Pr MEERANIEAR  and ElRtrically attathing tfe BémicdHauctoltie to an
intermediate eatrier <Secqyichlevabpackagingsivyolves mechanically andeleetrieallyattaching the
intermediate carrier%o the PCB. In other embodiments, a semiconductor device ma}?/%only have the first

level packaging Whéte the b 18 RE&ariEAly and Slectiically Matinted dire&i o the PCB. For
the purpasengfdhusitatipno severaktypés of first tevet packagibg,tinekidingowise hond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of second level packaging, including ball grid
array (BaA) 60, bump LT CAHIEF (BEC) 07 adto ot Fach g (olh) Cab e G &HaY (LGA) 66,
multi-chiprmiochulel (MEM)<68, quaddiap nendeade d padkiage( Qe 70, iar quacftatpackage .72, are
shown mngtCegroen ?SCéB 5%.VD§p%%ding uggg t@% S setemaq:quFuirggncgnts,Aang/a% rgl%inag%n of
semiconductor packages, con |gure§W|t?i any com ination of first and secon eve?packaging styles, as
well as otherneléetrarid components) canrbeséornectdttaRCBBZ da somesempodinyérits, electronic

device 50fﬂéc'gado‘%§tai8@?95%3%@%%%@9%@%B@‘E‘é@?’ whileqtber,emgoglimgnts call for multiple

Interconnected packages. By combining one or more semiconductor packages over a single substrate,
manufactir&rsch mearpbrategsrevnade components iRfY Eleetréniefdevivestaiitbsystéms.

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 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



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
ImplemeRtbAHS VA HeVichS: HASSVE delES T cotibtve foyerS Ar itledhic IR foRfied within
the die apd ake glectrically Inteeconpectadracoording te the electriga design.of the dies For example, the
circuit may include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit
elements'fofthad Within i aGiveFegintof SEmidofidudtBFdig® 4 CortaGGHds 76 86 57 6Fhore
layers of gopductivermatetiat, istich asralymimsm (A L), 1Icopper ECu): sin (8a), icket (NBegald{Au), or silver
(Ag), and are electrically connected to the circuijt elements,formed within semjconductor dje 74. During
assembly’ 6f DY 84, sghlecom Ctor die 74 %gllﬁ!)ﬁﬁ?e% B htermetiat Carier78 uSiiga §8id-silicon
eutectic layer aradhesivermaterial suctn asthermal epoxy nBhe packageibedy includesrare sulative
packaging matC rigl %ucsh as Eg%/%ertqé acterarm:c C nductor&[)e%drs 8% rallgd v%ire g%%dsf8% provide electrical
Interconnect Between Semiconductor die 74 an(]j 59.1%ncapsu ant 84’ 1s @epositea over the package
for environmentabprotectionrbywprelventimg maistarecand papiclesfrom ertering the package and

contamin g?%géﬁ 74 or Vél_lhe bonds.82. F'gfigb IIIust][vegg%1 further detai(ljof BCC 6 me unted on

ve semicondyctor e conniected to Conta
PCB 52. emlcono?uctor |e688 IS mounted over carner%ﬁ using an un%erGfﬁl or epoxy-resin adhesive

mate_rial 92.d%ire lbonds %ﬁrdﬂ&i@%?leveﬁb@gl@i@ triterfb@ﬂ_hecmetwee_ﬁa @@ﬂtamrpdds 96cavd 98.
Molding %@BO%qBE?”%%Q%@m&PQdS}9&88§?edc8}€%fu%?{9'98”8‘é%t9%9'eo818 gnd wire honds 94 to

provide physical support and electrical isolation for the device. Contact pads 102 are formed over a
surface ot PGB 62r&singa suitabletrhetal depaesitien Bacle eleztrohdic gratigidreslectrsless pfating to

prevent xidalion. Coptac! padd 02:re sladricallcannecied (oone or more eaRdyclivs signal races 54
in PCB 52. Bumps 104 are formed between contac?pads 98 of BCC 62 and contact pads 102 of PCB 52.

In FIG. 2&hserfitbhalicer BirS8 Bemoanteddace dpRtednichinedrite ARTEF LOBWit 3 FHFEhip style

first level packagings Agtive regian 108 of semicanductor.die 58 sontrins analpg erdigital circuits
Implemented as active devices, passive devices, conductive layers, and dielectric layers formed

according tdtheP@léetrieal d&sigr bRfiie @igsSEFBRekaMBRY tiESircuit may Include one or more transistors,
diodes, Inductors, capacitors,resistqrscand ethes cireuit glements-within gotiveskegion 10841 p

Semiconductor die 58 is electrically and mechanically connected to carrier 106 through bumps 110.
carrier substrate or PCB 52 with” a plurality of semiconductor
packages mounted on its surface. Electronic device 50 may have
one type of semiconductor package, or multiple types of
semiconductor packages, depending on the application. The
different types of semiconductor packages are shown in FIG. 1
for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a

computer. The semiconductor package can include

microprocessors, memories, application specific integrated



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 ch#p semiconductor device provides a short electrical conduction path from the

active deVickS'dhtseniicondictor dRBEtddsrdtiction treks % PFEBB2 hrd8F to-redtie sitynal
propagationsdistanee dlowet €apaecitancen and daprevsreneralh cireuit performanacer i-amother
embodiment, the semiconductor die 58 can be mechanically and electrically connected directly to PCB 52
using flip CHIE Styf8 irst level packaging without intermediate carrier 106. FIGs. 3a-3g illustrate a
process of forming an IRD stracture using & smeoti-cerduciive dayer andoitonm-stde eanductive layer. In
FIG. 3a, a temgorar or sacrificial substrate or carrier 120 contains silicon, polymer, polymer composite,
e, cerAmits Glass. RSB ky Behy LT GHUE hper oF BiFEP STiTAbIE Tos Edst, rigid material or bulk
semicondugtdrcmatariat for steuckurgbsuppart teonerembediment, carkerdl2( invgreaterrthan 200
miIIimeterCs (ammg irg%iameter q An interface Igger 122 is a%%lied quer carrier ZEQCgh d’nterface
layer 122 can bé tempSFaPFy E%Flglli%g film or eatcﬁ-%fop I%f)e/efD fo f)quo ect later-formed’ ayers when removing
of the temporagy earrierr Eiie temperaeycbornding fikmcbatbenbeateadrdight rdleasalilé atatedal. The
etch-stop_layer can be silicon dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride (SION), organic film,
polymer, %(r:¥neeetgl fﬁﬁv@%ﬁr\}\%’t e?&ir?é%sgf%cﬁ\%t% Zzlrltkf*lr"éeln'I[%eer aac?% Ig)f rolsZJZtiéo(i{e osite ﬁgi'ng lamination,
PVD, CVBX priafing rspie soatingssprayleodting, sirterting, or thewnalwoxidationon betwassmooth

conductive layer, 124 js formed over interface layer, 122 by.pattarning Wi, BYD, GVD. g pther suitable

deposition process. In one embodiment, conductive layer 124 is a resistive layer including tantalum
silicide (TaXSH) cr:othenmetd siiciiess TARO hivkeFchroRfigme(NiCH), Ti TINPTV bidoped poly-silicon

having a gesistidty,hemwesn .and LG obe/sq. Sonductive laxer 124 can-alse be-ather,sanductive

material exhibiting hill-lock issue during subsequent processing. Conductive layer 124 has opposing first
and second smooth sutfacEST6r &t FerhieivnSof & MIRIdepaeftsetor device has two

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

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

first and second level packaging styles, as well as other

-10-



A resistive layer 125 is patterned and deposited over interface layer 122 using PVD, CVD, or other
suitable deposition process. Resistive layer 125 is Ta2Si or other metal silicides, TaN, NiCr, Ti, TiN, TiW
or doped poly-silicon having a resistivity between 5 and 100 ohm/sq. Conductive layer 124 and resistive
layer 125 can be formed during the same deposition and patterning process. An insulating or
dielectric layer 126 is formed over the first smooth surface of conductive layer 124 using patterning with

PVD, CVD! prihfiRg, Sinteriig Corthefmaraxidafort FHESINEGIRALIRG I&Yer 126 can'Pe 8RB Dr more layers of
Si3N4, SiOR, SiIQNe tartalusl pentoxided1a205): alwvinuntoxide {AR03) nealyimide skenzocyclobutene
(BCB), polybenzoxazoles (PBC)), low temperature (<250C) cured photosensitive polymer resist, or other
suitable diERLFRMEERT. @ Five 14JEr 124 nsGIRERG 1 126 ¢ bé patBHEd With the same
mask and by dhe samesiednseeutive-deposijorn:pracesses;inoa Bighrvagittkn eaxifovnenictor In
FIG. 3b, an insulating or passivation |layer 128 is formed over_conductive Ie%/er 124, resistive layer 125,

and insulBG ffe? 198Usiry Spif ToatiRy BVD? EX/D, HAhGCSittéting, oF therfial bRidati6m. The
passivatipm dayer d28candae ene or more layerstof GiQ2;, SidN4cSKONnTa295,tAl263, polyimide, BOB,
PBO, ep%xg/etggl Iag%e gase, or %{Q%rtmaterial having suitagle insulatigg gtrc:)Lpeartiea. A portion of

passivation layer 128'1S rémoved to expose i%%ﬁfé%ﬂa ayer 1 S portions of intertace layer 122.

An electritatly condadtiveyiayerl 30 isdoimed ovecmsulatingbayersri26zarid 1128 and ihng exposed
portions efinterface |ayer 422 wsing paterning il RYR. CYD spuliering. cleglfoluic lating, electroless
plating procesg, or other suitable meta ciaeposmon process to form indivi ua?pgrtlons or sections
130a-130e= Conductiveltayer 430xan beease bt horg |ayers of Al,2Cd, SeaNi, AxpAgs orether suitable

electrically conductiye material with, typically aghesive and barrier layec|ike. [, TiW, or Cr. The individual

portions of conductive layer 130 canbe electrically common or electrically isolated depending on the
connectivity of the indiVidGal-semicéndgdtordiex Supdactives kiyer 230k &-thie top Sedrsde of the MIM

capacitory fgother porion ot canduictive Laer 1308 bridgerfor theyindugior roupdane of

interconnections to other circuit components. n FIG. 3c, an insulating or passivation layer 132 is
formed oveFinSaRERE teyerdR8 alfd éarduttivg |ajerAB01EING SPihCbafing FPVDL TV B g itg,

sintering.Jaminafion, or maldingqrocess; I henasgivation layerd 32.can-ke ong ot moye layers of low
temperature (<2500) cured photosensitive polymer resist, molding compound, solder mask, liquid crystal
film, 5i020SY3NAE KON THZO5 L A0S polyimide BoB PBOr1c layers formed within

the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between

semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
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epoxy/ethyl lactate base, or other material having suitable insulating properties. The insulating layer 132
has a low dielectric constant (k) and loss tangent. In FIG. 3d, an optional temporary carrier 133 is
mounted over insulating layer 132 with releasable adhesive layer 135 for structural support. Carrier 133
can be permanent bonded to insulating layer 132 with adhesive layer 135. Carrier 120 is removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping X portioifoPIRtr e 1apér £ STy Qﬁﬁﬁ@ﬁ%ﬁﬁﬁn@%t@ﬁﬁ@ PrAce’E to expose

conductive-layen124 desistve tayer 4255 and conddetivejayer130d-130e. Geaductive layer 124 acts as
the etch stop layer due to its high selectivity to protect insulating layer 126 while removing the portion of

Interface FEr 22 Fhe attfing of MiteHALE 182t 122%an be completed before the deposition of
smooth conductive layerrt24 and resistive-lkyees 12orther detRlGl 3ef affecresmoving cagier 120, an

electrically conductive layer 134 is formed over th gottom-side oféhe device using PYT? CVD, sputtering,
electrolytid platifg, ééctrosﬁg% B%?iﬂacp%ges{f?ne% | fofl IARHALGR, SFSther 8Uitati& metal deposition
process tosformy individuakpdrtions or seetions-134ar h34bHeerductive dayerali349¢an b&rbne or more
layers ofijl’i, 'I;fLngr, Al, Cu, Sn, Ni, Au, Ag} or otherksuitable %Iectricall)é cgn%lé(‘ttiv\qlg @aterial. In one

embodiment, csi)nducﬁj\/rebI‘éﬁ/d@}'(re 1§2£ %Séi—é alt%lc ness %yp]iélaoilylgnregife(f?ﬁléln 3 micrometers (pm). The

individuakportiens op edidictiverldyérsl.34 tan be miectooallywcommon or etectudallytisdlatedidepending

on the coppectit.of the Jndividyal.semiconductar die, Conduictive laver, 3dad 34bJs elegyrically
connected to the second smooth surface of conducfive layer 24, opposite its first smo th surface, to
form a battons efectrogieraf elie MiMIcaparitor. iCenductive ddyerrl 39ex] 3dukisdtattrieally connected to

resistive layer 125. Gopductiys lgyer Jf%@%éé”oi@@%ecé”%%JQ‘%@Q%S?%E?%?“H%‘%@ gr 130d.

Conductive layer 1341 is electrically connected to conductive layer 130e. I 3f, an insulating
or encapsulatier layend 86 s foraredicviertopdabtivel kyer 234 tahd Interfacadayer 122 using spin

coating, RYD. M funtipg sinietings cmpeessmalcing.Jamination, e ather engapsation process.
The insulating layer 136 can be one or more layers of S102, S13N4, SION, Ta205, Al203, molding

compourfiil € OF; 16® témperRtlRE<SB0DY cGrRl photbseTsithrpolgneY dictéctrie lortdtheematerial

having sujtable, inssfating propexties. The insulatinglaxer 136 has highresistivity, Jaw dissipation factor,
good thermal conductivity, such as epoxy with proper filler. A portion of insulating layer 136 is removed to
expose conbuétiveaferPi4a and 2348, AR adaftionaPlayeér for wire bonding may be formed over

insulating layer 136. 1 r1AN optionalelectysalh-eendustive fayer 384s fermedsaver cangyctive layer
134a and 1341 using patterning with PVD, CVD, sputteriﬁrcrlg, electrolytic plating, electroless plating

process, b ofHEr StREBIEhetat dBposHon procksstoFort itliviBiial portions or &&dtiohs 38a and 138b.

Conductiye tayey 1:38 canbe one or aoredayers of Al,sCrhi SariNiu At Agd 0k Other suitablerglectrically

conductive material. Conductive layer 138 is a conductive pillar or stub bump. .
analog or digital cilrcuits implemented as active devices,

passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,

and bumps 112. A molding compound or encapsulant 116 is
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In another embodiment, conductive pillars 138 are formed prior to insulating layer 136 by plating or
stacking bumps. The insulating layer 136 is then formed around conductive pillars 138. An additional layer
for solder bumping or wire bonding may be formed over insulating layer 136. In FIG. 3g, an
electrically conductive bump material is deposited over conductive layer 138 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The bump material can be Al,

Sn, Ni, AGERGSPhEB1 CEG I solaBr: andtoniinations therédidwitR an'GptiohdP fke sBrfsh F€or example,
the bump-materiad capeRItectic 8Nl high-lead salders o lnadsisee saldenckhe-Bumprmaterial is
bonded to conductive layer 138 using a sujtable attachment or bonding process. In one embodiment, the
bump mateéndl i§ Pefiovidd by RBAHIT e Matert aBbY it Fielfing POt t& ST Sptétical balls or bumps
139. In semeappticationss bunmpasci3S ate eflowved aisecansdsting te dmprovedrleciticabaentact to
conductive layer 138. The bumps can also be compression bonded to conductive layer 138. Bumps 139
represent Bt G ST AEICOMH SUTBLYS the tah beforfbd dvet SORAUCRATAGar 138, The
interconnect stigettie-ean alsoaiseshorcbwires cecondtiCtiue pastesa studibygmpymicrodatump, or other

electrical interconnect. Ir# FIG. 3g, elthefrlln%ur!%uc%n IaygIrﬁ%g%Pr 13t6,|s Icrhe main mechgglcgl supporting

structure,cvlvﬁf(::%lcarpﬁé: O?’rm%a Wﬁﬁ compress mo?drlng IZ)I‘OC(Z,‘SIg.er1 8arsr|eenrul%%’nancfa8ﬁesive layer

135 are rémoved byemordestreictiven heat] lighta chemicat etchinag, Imeclvanmieal tpeel-offr EMP, ynmechanical

grinding,%her% bggeulas%r S n.nin% or wettstri'%pi 9ot 1 The structures desc.r'q%ad ig FIG. 3g
constitute a plurality of pszalssﬁlectillrl it elerents or |P%S].: fn one embddimen ,lc%%dgétllaveolgyer 130D,
insulating latyer 126 icoreluctives fagrer 124 . and conductive layer 134b is a MIM capacitor. Resistive layer

125 is a resistor elemept E‘sthea%a—sﬂ’eiciiﬁ%gtlg% é'ngv@yglc%escéiogj? of ggm%}ivgdaﬁ;[;Me-l%h can
. . i ; T

be wound or coiled in plan-view to produce or exhibit the desired properties of an inductor. he
IPD structlireysrovides etdctdcal chrapadtaristivshedidedsol Rightfredieney dpplicatiohs, such as

resonators, high-pass filierslow-pass filters, Band-pass fiters, symmetric, Hi-Qrresppant transformers,
matching networks, and
substrate or carrier 120 contains silicon, polymer, polymer

composite, metal, ceramic, glass, glass epoxy, beryllium oxide,
tape, or other suitable low-cost, rigid material or bulk
semiconductor material for structural support. In one
embodiment, carrier 120 in greater than 200 millimeters (mm) in
diameter.

An interface layer 122 is applied over carrier 120.
The interface layer 122 can be temporary bonding film or etch-
stop layer to protect later—-formed layers when removing of the
temporary carrier. The temporary bonding film can be heat or
light releasable material. The etch-stop layer can be silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), organic film, polymer, or metal film with wet etching
selectivity. The interface layer 122 is deposited using
lamination, PVD, CVD, printing, spin coating, spray coating,
sintering, or thermal oxidation.

A smooth conductive layer 124 is formed over interface

layer 122 by patterning with PVD, CVD, or other suitable
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tuning capacitors. The IPDs can be used as front-end wireless RF components, which can be positioned
between the antenna and transceiver. The inductor can be a hi-Q balun, transformer, or coil, operating up
to 100 Gigahertz. In some applications, multiple baluns are formed over a same substrate, allowing
multi-band operation. For example, two or more baluns are used in a quad-band for mobile phones or
other global system for mobile (GSM) communications, each balun dedicated for a frequency band of

operatiorf6Fthe dustbaiPasvce. A ypiCARERPSEM RYuires MRGttPIEIPD s dntESthef hightfrequency

circuits irhore 9k Blore semigductripackages i@ penfarm the necessary glestrical functionsConductive
layer 130c can be a ground plane for the IPD structure. IG. 4 shows a schematic representation

of one infpfeiéntation of 45 PO& Hon B eX %y, CHpaRitBF140 tgreserts the Mim dapaditor; resistor 142
representsoiesistive 1ayes 126¢ tiduciarildd eepresenis condyctivedayerns 1534enti34hn cConductive layer
138a is elehctrically conne ted tp conductive I]?g%r 136b; ondLﬁ%tive 1Ig}{ler 130b is eltectrically connected to
conductiva TA{&f136C LERAGEIVE layay T36i Iecc‘?ﬁlcaal@sc%n Bcted to'conductive fayer 138b.
The MIMncapaciterhasa giveniQdfactor, which s a sreasute of efficiencysagthetratio of capacitive
reactance to resistance at g given frequency. The MIM capacitor must have a high Q factor for optimal RF
porformaREe e Mhrating T B126 ol el e RELt iGN SHiface bF CoMBTVE IEH 124
reduces thedeSR of tine MiNscepacitbrand hbtspot prablems caudéd bygparticlesand hill-locks between
the dielectric and condgctive layers. Colnductive1 ??/er 124 also reduces high.lock issues because of
self-annealing. By decreajélensglégh\,]?he gfggtor 0 thlesl\/ﬁlellatcsztaep%%ﬁgr % ﬁg:r%%gga.l?%eadcﬁﬁfoenr, the thick
bottom-sidetcontiuctive. Fayer foriiediovierdth@'éecond Bmooth cthductive layer 2 Admirmimizesqparticles
and hilllogks hetween e eandustive Jauer anskresistive Jaer. which pgreqses fhe ESP.piptaction level
and reduces the ESR and increases Q Tactor for the MIM capacitor. FIG. 5 illustrates an alternate
process SfdrmifgCan IPD strlieéflire Gsihgoar sthepercmductive layerantebotioi-side conductive layer.
Similar t.ElGs; 3a;3h.. temperagy o sacrificiad botipmsside substigterqrcarier contains silicon, polymer,
polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, tape, or other suitable low-cost,
rigid mat&ifd ot bilesémicondliétor atdteRal foPsRGEtural sUPPoftnAn TtBFace Rt 1521s applied over
the bottomsside catrigs. Fhe interface layer 152 can be temporary bonding film or etch-stop layer to
protect later-formed layers when removing of the temporary bottom-side carrier. The temporary bonding
film can be heat or lightTeléasabié raterial ThéeteEstollayér €an bé Bia2 SisKmeSiONSsrganic film,
polymer, o inetakiim with wet etching selestivitys Jhedntertacegyer 152iis depegited using lamination,
PVD, CVD, printing, spin coating, sprr%{\(/gcoating, sintering, or thermal oxidation. A smooth
conductivialer 154 % fotediolRr intéHace ayel 189 by pdttething it BV EV5 lor other suitable
depositiop:praeessein oneresbodiment cendustiverlayer 124is acegsivelaypbinsluding:TaxSiy or other
meKﬂsngegiBN4, Si02, SiON, tantalum pentoxide (Ta205), aluminum oxide

(A1203), polyimide, benzocyclobutene (BCB), polybenzoxazoles

(PBO), low temperature (<250C) cured photosensitive polymer

resist, or other suitable dielectric material. Conductive layer

124 and insulating layer 126 can be patterned with the same mask

and by the same or consecutive deposition processes in a high

vacuum environment.

In FIG. 3b, an insulating or passivation layer 128 is

formed over conductive layer 124, resistive layer 125, and

insulating layer 126 using spin coating, PVD, CVD, printing,

sintering, or thermal oxidation. The passivation layer 128 can

be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203,
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TaN, NiCr, Ti, TiN, TiW or doped poly-silicon having a resistivity between 5 and 100 ohm/sqg. Conductive
layer 124 can also be other conductive material exhibiting hill-lock issue during subsequent processing.
Conductive layer 154 has opposing first and second smooth surfaces for later formation of a MIM
capacitor. A resistive layer 155 is patterned and deposited over interface layer 152 using PVD,
CVD, or other suitable de ositiogrocess. Resistive layer 155 is Ta2Si or other metal silicides, TaN,

NiCr, Ti, PN, YT 8P dopec poly EilicorPinaiin G AT e<istiiify Bt erP B an@ 100 'dHit/sB2EBRddctive layer

154 and resistive layar-kns ean be darared duiing fhersame depasition anspaterpingroeessn An
insulating or dielectric layer 156 is formed over the first smooth surface of conductive layer 154 using

patterning WifrPVBS VD, piitihg I sinterffith OF theriiaf bRidatign.  THE Mstifting 18y &°156-€2F be one or
more layers afiSid3N4a 821 $i@N, 72205, Al203, polyimide, BOB, PBO, low temperature (<2500) cured

photosensitive polymer resisWLt, or otheér; itable dielectric material. Clo&%uctive Ieger é54 and insulating
layer 156 can be pattefHedwitt tHe nSSEENE by fhe saMe or consetutivg BERoSIGH processes in
a high vattemlenvitonnenter s 12 cAanasulatingeadpassivationdayer 1af isiformed bver conductive

layer 154 rrl%selstjjive layer 1551, a insulating Ia@yer 156.usm%§@|krl1 mgcg D,ﬁ%\(gﬁpnntln% sintering,

or thermal oxidation. The passiva |oﬁlfalyré? 15 tc%%rﬁlelg e or more layers of Si ﬁﬁ,lgl N, Ta205,

Al203, palyiaude, BB PBQ), &poxy/etlyl dadtate lzsse, ot athergnatecaklsaving suitéble tnsulating
properties. A portion of passivation layer 158 is removed to expose insulating layer 156 and portions of
ertace TRy Tab R e s Lae IR B S oL 1% and
128 and thecexposed povtons3Okinterfacedayeril2? usirgpatiéfning witheP¥Dse CVD, rsputtering,
electrolytic plating, glegtjoless, plating Rrocess, or gther suitable metg) depasition process 1 faum
individual portions or sections 160a-160g. Conductive layer 160 can be one or more layers of X\I, Cu, Sn,
Ni, Au, Agoodothiet saitalsie efdctdcallytdondvietive mate el Withitypicallyl abhesive anddiegrier layer like

Ti, TIW, ariGr. The indiyidual, potions of condugtiveslayen 16Q,can be elegtricallycommen or electrically
isolated depending on the connectivity of the individual semiconductor die. Conductive layer 160b is the

top electrbdB0T the MIRFECapRiter: AHotherddrioReBREN dUCtve $8yet 16Dlis v Britfyedfor the inductor,
ground plange QK intercoRneetionsdepther; GirGuit COMPONENS4ividual semiconductor

die. Conductive layer 130b is the top electrode of the MIM
capacitor. Another portion of conductive layer 130 is a bridge
for the inductor, ground plane, or interconnections to other
circuit components.

In FIG. 3c, an insulating or passivation layer 132 is
formed over insulating layer 128 and conductive layer 130 using
spin coating, PVD, CVD, printing, sintering, lamination, or
molding process. The passivation layer 132 can be one or more
layers of low temperature (<250C) cured photosensitive polymer
resist, molding compound, solder mask, ligquid crystal film,
Si02, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. The insulating layer 132 has a low
dielectric constant (k) and loss tangent.

In FIG. 3d, an optional temporary carrier 133 is

mounted over insulating layer 132 with releasable adhesive layer
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An optional insulating or passivation layer 162 is formed over insulating layer 158 and conductive layer
160 using spin coating, PVD, CVD, printing, sintering, lamination, or molding process. The passivation
layer 162 can be one or more layers of low temperature (<250C) cured photosensitive polymer resist,
molding compound, solder mask, liquid crystal polymer film, Si02, Si3N4, SiON, Ta205, Al203, polyimide,
BCB, PBO, epoxy/ethyl lactate base, or other material having suitable insulating properties. The insulating

layer 1621&s & 6w REMFLoSthngBRECTE - iHFinstlating or pASsivatisit [dyer $84 iSftd over

insulating layen $62 asingospin geating PR+ € VR psisting, SRR eating, sinterng.ilamination;, r molding
process. The passivation layer 164 can be one or more layers of low ter};gerature (<250C) cured

photoserSiiVR SolyMer S roldifid CBMpdunBcshasr fask Piguld efystal élymer film, 5i02, Si3N4,
SION, Taz8bhAR03: polyimice; B4 B, FPBOnepoxyelyl lagtate basaneriether materal having suitable
insulating gro erties. The insulating)layer 164 has a low é and loss é?r:ﬁent. A portion_ of insulating layers
162 and 164 i RMSVed By B8E) t&ictive iR Biching (DRIB)Gr 1486t drilling Process 1/ fétm vias, which
expose cpaduetiveilayenhtDaant 1699 pFhe instilatmgdapersE62-and 164 ican deafosmetZas, a single

layer. . Prior to removin bottom-side carrier, an electrically co g ctive material js, deposited in
tho vias GFIRATANG IS0 AR THD oy B, v Eoph oo SRR blatie SIS mblegs plating
process, bepther Suitabletmetad depesitionprodess. The €onduetivieomateriah tgh be one or more layers of

Al, Cu, Sn, Ni éatui AgC or other suitable eilg%trifally. conciuctié/% niz}tgri e conductive mta}geerial forms

sel viXy TO protec arin a akﬂT@ emoy1n
conductive piﬁars 166. In another en%o&me%t, ohductive pmars 166 are formad prior to

insulatingPlayei 162 én_d qi@farb%aplatiri@mstabkmg b_l]?hpsp'ﬁrtet 'm]sutmmgdéyelrm@r_ér@drim are then
formed afaund, conductive pillars. 1661 o .o AR Optional femporary fopgide caujer is mounted over

insulating layer 164 with a releasable adhesive layer for structural support. The bottom-side carrier is
removed &y chepicaicetéRingr mechanicdl peslict, OMP Lrieehaniéal grinding, thermal bake, laser

scanning, or wet stripping. Aportign of interface. layer 1p2 is.removed by @ patterning and etching process

to expose conductive layer 154, resistive layer 155, and conductive layer 160. Conductive layer 164 acts

as the et€H Stoprlagerdue RS Highis&tectivity fo protedtSinSaliRg |67 1581 ehilkeoiensdving e portion

of interface layet 192vice using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, metal foil lamination, or other
suitable metal deposition process to form individual portions or
sections 134a-134i. Conductive layer 134 can be one or more
layers of Ti, Tiw, Cr, Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. In one embodiment, conductive
layer 134 has a thickness typically greater than 3 micrometers
(um) .  The individual portions of conductive layer 134 can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 134a-134b is electrically connected to the second smooth
surface of conductive layer 124, opposite its first smooth
surface, to form a bottom electrode of the MIM capacitor.
Conductive layer 134c-134d is electrically connected to
resistive layer 125. Conductive layer 134d-134f is electrically
connected to conductive layer 130d. Conductive layer 1341 is

electrically connected to conductive layer 130e.
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After removing the bottom-side carrier, an electrically conductive layer 168 is formed over the bottom-side
of the device using PVD, CVD, sputtering, electrolytic plating, electroless plating process, metal foil
lamination, or other suitable metal deposition process to form individual portions or sections 168a-168i.
Conductive layer 168 can be one or more layers of Ti, TiW, Cr, Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. In one embodiment, conductive layer 168 has a thickness greater than 3

pm. The individual portidhs" 61Gcon%5cti\?élIa%?liéétch?l%@éleﬁﬁf‘c%ﬂ?Eéﬁ?ﬁ&?o#é%ﬁﬁicﬁ%& isolated
dependingsorr theweennegtivity-ehihedndividuah semicondugtey die,1conductive dayer 168a-168b is
electrically connected to the second smooth surface of conductive layer 154, opposite its first smooth
surface, t0OHA &Bdttorfi ¥iéctiotre &f'the MiIKPeagdcitor ' Enduttive Fayetrescoldddis Blectrically
connecteddodesisgtive layen 553 otpnductivedayerclediiss alestrically copaecied to thaductive layer 160g.

An insulating or encapsulation | 170 is formed over conductjve layer 168 and interface layer 152
usirllg spiﬁl%%égﬁﬁ,l 5Dt‘jl@%ﬁf, ?r/l%inﬁjaéllinpeerin%??ar\éijﬁaﬁl(?ﬁ,goﬂr\%éﬁgnsg 0 c%%g.irhesﬁégs%\’/étion layer

170 can lse oNe or amarg, laparsasf Sie2,15i3N4, Si@NeTad05,1AR03 1 kquid emnstal polyraer film, polyimide,
BCB, PB lethyl lactate base, molding compound, Lqw temperature (<250C) cured photosensitive
polymer éé%?r)% o?%%ﬁéjir: H&t%%i%?ﬁg\ﬁﬁ% %%ﬁagléﬁ%ntﬁgtiraglSr‘foep(gtrﬁfels(? T hgérpéjstglqv%]ﬁon layer 170 has
high resistavity rloaldissipation factorlgbed thenmial conductivitye sticke as epdiky withsproperifilter.

The optiopaal tolpg'id3e6c%rrier nd.adhesive layer.are r mov gsby.no -destr%cgié/gohreat, Ii(g(%, chemical

. (S S resistivity, O at1io /- .
etching, methanical pee?—o CMP, mechanical d/rln ing, t ermal’ba e, laser scantin , OF wet stripping.
An electridaily gceadyctivéusurmy hiaterialis depositer sverconduetive pitlafs: 166 usingfan evaporation,

electrolyyc plating, elgctroless plating. ball drop, 95 sgreepbriniing pracess, Jhe hma mateqal can be Al,

Sn, Ni, Au, Ag, Pb, BI, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bumplmaterial 3dan ba@utetfic Sn/Rb, highleadseldet cordeadfreersolideroThe bump material is

bonded tg conductive pillars 166.using agyitable attachyment 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
172. In some applicatidis, DRRFIFEER2 sreerefiowed d SeCorthiifie 1§ $mprotelééichPcontact to

conductivepiliars 186 Thekimps £aa also be compression ?QQQG%QE%“%W@M@{% 166+ Bumps 172

represent one type of interconnect structure that can be formed over conductive pillars 166. The

interconnééPstriictbire ean alsdrisedhorit- ®ites Cdofidtietive pasied stuRiBGhp OricHd Bihdd, ‘Gt other

electrical dptereoiMectr other suitable metal deposition process to form
individual portions or sections 138a and 138b. Conductive layer
138 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 138 is a conductive pillar or stub bump.

In another embodiment, conductive pillars 138 are
formed prior to insulating layer 136 by plating or stacking
bumps. The insulating layer 136 is then formed around
conductive pillars 138. An additional layer for solder bumping
or wire bonding may be formed over insulating layer 136.

In FIG. 3g, an electrically conductive bump material
is deposited over conductive layer 138 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
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The structures described in FIG. 5 constitute a plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 160b, insulating layer 156, conductive layer 154, and conductive layer
168b is a MIM capacitor. Resistive layer 155 is a resistor element in the passive circuit. The individual
sections of conductive layer 168e-168h can be wound or coiled in plan-view to produce or exhibit the
desired properties of an inductor. The MIM capacitor has a given Q factor, which is a measure of

efficiencyfasithe’ ratioiof Yapachivé réXAARCE to FiFstaNER at'a Rrehffle quBhcy STRE MINF &&pacitor must
have a high @factar for optimal R performance. Ihe inswating layer, 156 fermsadhpverdhefirstismooth
surface of conductive layer 154 reduces the ESR of the MIM capacitor and hotspot problems caused by
particles and MRERs brnveeif e dideclitand tofdtiveJayers "ebAtd&ivRiA§E T84 &IsB reduces
high lockussuesiegatiseof self-annealieg. By dacreasing ESR, then® factos of tie MV capacitor is
increased. In addition, the thick bottom-side conductive Iax]er formed oyer. the second smoaoth conductive
layer 154 finimize %afrti%l%%%h%n‘f- SckEbethdan thdEoiductive Tayer dhd Reidtive et Willich
increases thecE SPagrotection levellandreduces thetTeSRoand mncrdasestQ dactor fourtipe Mikbcapacitor.
FIG. 6 iIIustratesd?[ﬂother process of(gortming an IPD structure %sin% a.smooth cotndugti\{e layer and
bottom-side conductive %y%r.sf ?éjrﬁporalri/n or Sacrificial bottom-Side substrate or carrier Contains silicon,

polymer, pohanertcorepdsites metak cerdamie, glasssglass epbxy, beryliomooxide, itape bomothdr suitable

low-cost,.rigid material .or bulk semi uctor materialfor structural support. n electrically
Rt % | cppguctag 349! HPRRE: 2 .
conductive Ia%?1 gg%lslf\(])erme%yoev%r the bottom-side carrle]?eLE}:negsggttern%% W%ﬁ%V% CVD, sputtering,

electrolytﬁmpﬁlaﬁq@,rm_eatoIegs_ptatingeprod_ﬂ@SS, mamil_mmﬁﬂogy@momenguimg enétalyéeposition
process tpfgrm indjyidual porions or sectins, 180a:180i. Conductive layer, 189 ¢an be one or more

layers of Ti, TiW, Cr, Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one
embodimept Copiduetiveohyer 186 had atthitkness greatertian 3 pne Therindividiiar peribns of

conductivglayer. 180 can be elgctrieally sommon.grelecticalyisolated depending on the-gonpectivity of

the individual semiconductor die. n insulating or passivation layer 182 is formed over the
bottom-sidecatfAeraft EBadUctve |&yEPrB0tusIAg Spiieoating; PVAD; €V D 2prittingt QHitédng,

laminatiop; ef,molding process: fhe passivation layer 182 can be one or more layers of low temperature

(<250C) cured photosensitive polymer resist, molding compound, solder mask, liquid crystal polymer film,
Carrier 133 and adhesive layer 135 are removed by non-

destructive heat, light, chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping.

The structures described in FIG. 3g constitute a
plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 130b, insulating layer 126,
conductive layer 124, and conductive layer 134b is a MIM
capacitor. Resistive layer 125 is a resistor element in the
passive circuit. The individual sections of conductive layer
134e-134h can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

The IPD structure provides electrical characteristics
needed for high frequency applications, such as resonators,
high-pass filters, low-pass filters, band-pass filters,

symmetric Hi-Q resonant transformers, matching networks, and
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5i02, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO, epoxy/ethyl lactate base, or other material
having suitable insulating properties. The insulating layer 182 has a low k and Loss tangent. A portion of
insulating layer 182 is removed by DRIE or laser drilling process to form vias which expose conductive
layer 180a and 180i. Prior to removing the bottom-side carrier, an electrically conductive material
is deposited in the vias of insulating layer 182 by PVD, CVD, sputtering, electrolytic plating, electroless
plating prodBs&.orRREC<itibfe metAiddeositionistobEss  THe Conduive ridteridlidanlisedne or more
layers of g, CpNin A, Agh OEBthes suitablealeatricalbacanductive materialn ¥ haconduetive material
forms conductive pillars 184. . _In another embodiment, conductive pillars are formed prior to
insulatind fayBF £82 By plating 6r SRAKIAG Hune! The iAstiatifg Rer182E et foret ar8ind
conductiverpillarsol34.at ing A electrically coaductive bump maderalislepoesitadaver conductive
pillars 184, after formjng insulating layer 182 or after forming of insulating layer, 198, using an evaporation,
electrolytic’ gﬁﬁd?eelégg}g]g?s BFa%n “baiFdrop; of sére%%”bgrinﬁilﬁasp%é Sg. The BUMP aterial can be Al
Sn, Ni, AupAg;iPbaBi Cup soldet cand combinationg tkereof;awithramoptiomal Thux ssoditiona Fed example,
the bump. material can,be eutectic Sn/Ph, high-lead solder, or lead-free solder. The bump material is
ponded to o BTAS TP UG A HIE Siadme s pOH s SO LS8 Th o erembodiment, the
bump matetidllis refitied by heatng thel materiat abbvéits umelting pomit ¢ol farnrspherical balls or bumps

s Gl B L S gl e TR S L e s
represenRéne yygjeem requires multiple IPDs and other high frequency

circuits in one or more semiconductor packages to perform the

necessary electrical functions. Conductive layer 130c can be a

ground plane for the IPD structure.

FIG. 4 shows a schematic representation of one
implementation of the IPDs from FIG. 3g. Capacitor 140
represents the MIM capacitor; resistor 142 represents resistive
layer 125; inductor 144 represents conductive layers 134e-134h.
Conductive layer 138a is electrically connected to conductive
layer 136b; conductive layer 130b is electrically connected to
conductive layer 136c; conductive layer 1361 is electrically
connected to conductive layer 138b.

The MIM capacitor has a given Q factor, which is a
measure of efficiency as the ratio of capacitive reactance to
resistance at a given frequency. The MIM capacitor must have a
high Q factor for optimal RF performance. The insulating layer
126 formed over the first smooth surface of conductive layer 124
reduces the ESR of the MIM capacitor and hotspot problems caused
by particles and hill-locks between the dielectric and
conductive layers. Conductive layer 124 also reduces high lock
issues because of self-annealing. By decreasing ESR, the Q

factor of the MIM capacitor is increased. In addition, the
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of interconnect structure that can be formed over conductive pillars 184. The interconnect structure can
also use bond wires, conductive paste, stud bump, micro bump, or other electrical interconnect.

The bottom-side carrier is removed by chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A conductive layer 188 is formed over conductive layer
180h by patterning with PVD, CVD, or other suitable deposition process. In one embodiment, conductive

layer 1888 Fesiitive Mayet ifQuaMg Sy Br bther metar &licide¥ STaNRICH TRNSTRY O doped

poly-silicer hauinga tesistiyity betweer 5 and-L00 ghmisg: Gondystive layer 188hasppesing first and
second smooth surfaces for later formation of a MIM capacitor. A resistive layer 190 is patterned

and depdsited SR HsURalng 18y 183 UsihG PVD, ' E9D! oF Siher Suitable dEposfionrbtEss. Resistive
layer 19C:is T a254 ©¢ othiesrimetalssilicidas, TaNuNG, ThdiINsRIW o4 doped podesilicorF having a

resistivityfbetween 5 and 100 ohm/sg. Conductive layer 188 and resistive layer 190 can be formed during
the same 3§pots}ﬁ?o%%08§ acItoran insulating or dielectric layer 192 is formed over the first smooth
surface of conductive layer.188 usihg patterring avithePV By €A, priting ssintefinge omtheymah oxidation.

The insul 'Bg é%yer 1t9g can %%gne or L\[)noretI%yecrsr?gl S(i:%Nl4, Si]c_)g gi:ONhTa%O%,tAéIZQB,ip%Iyimide, BOB,
PBO, or other Suitable dielectric materisl, Conductive Ealyer {88 ardinsdla ing PayerTQﬁ can be patterned

with the samelmaskvandLby the. sarfénor cansécutiveepasitioblprogessesinraaighamacuum environment.
AninsuE@gg%g%%@%Q?ﬂ%%g%@%}g§43f%&l%;9%%é or carrier contains silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy,
beryllium oxide, tape, or other suitable low-cost, rigid
material or bulk semiconductor material for structural support.
An interface layer 152 is applied over the bottom-side carrier.
The interface layer 152 can be temporary bonding film or etch-
stop layer to protect later-formed layers when removing of the
temporary bottom-side carrier. The temporary bonding film can
be heat or light releasable material. The etch-stop layer can
be Si02, Si3N4, SiON, organic film, polymer, or metal film with
wet etching selectivity. The interface layer 152 is deposited
using lamination, PVD, CVD, printing, spin coating, spray
coating, sintering, or thermal oxidation.

A smooth conductive layer 154 is formed over interface
layer 152 by patterning with PVD, CVD, or other suitable
deposition process. In one embodiment, conductive layer 124 is
a resistive layer including TaxSiy or other metal silicides,
TaN, NiCr, Ti, TiN, TiW or doped poly-silicon having a
resistivity between 5 and 100 ohm/sg. Conductive layer 124 can
also be other conductive material exhibiting hill-lock issue
during subsequent processing. Conductive layer 154 has opposing
first and second smooth surfaces for later formation of a MIM

capacitor.
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conductive layer 180, resistive layer 188 and insulating layer 182 using spin coating, PVD, CVD, printing,
sintering, or thermal oxidation. The passivation layer 194 can be one or more layers of Si02, Si3N4,
SiON, Ta205, Al203, polyimide, BCB, PBO, epoxy/ethyl lactate base, or other material having suitable
insulating properties. A portion of passivation layer 194 is removed to expose insulating layer 192,
resistive layer 190, and conductive layer 180. _An electrically conductive layer 196 is formed over
insulating layers 192, resisfive fyeV9962%Ad conductivenayerIats dsing pattehing With BVBT cvD,

sputtering.releetrelytic plajiag, elsctraless plating, proeess, &F athersuitable-gietal depesition pracess to
form individual portions or sections 196a-196e. Conductive layer 196 can be one or mare layers of Al, Cu,

Sn, Ni, ABFRGESPatheR Sditabie BfectAcdily condudtive' Araterial with&/pically hahesive brdBirier layer
like Ti, Tivé gr @ri dhge imdiyiduakiportions of capgectivedayersi96 eam beelactgcally common or

electrically isqlated depending on the connectivity of the individual semiconductor die. Conductive layer
196e is tt%ﬁéﬁ&hvtbﬁ%lgﬁ% e of t e?\ﬁ#\l &a@ac? P é&w’duc%%%%?ll\é%cﬂa%ﬁef96l§ greaé]lgctrodes for
resistor 198s Othervporliane of carnductive bayer 9eis adhbridgesfor the Bwluctategratint plane,rat
interconneggtgré?:%oi%ther ci(g%uitégomponents. An insulating or passivation layer 198 is formed
over condctive Iayergléjéan&lnsmating layer 194 using spin coating, PVD, CVD, printing, sintering,
lamination, or molding processuThe pagsivation tayer 188 cahdyeeoné b miore fayerns of 5i02; Si3N4,
SION, Ta205, Al203, liguid crystal mer film, polyimide, BOB, PBO, xylethyl lactate base, or other
materialar’%l]\ﬁng:,lf lsaﬁz}bI%r?r?soﬁtlétinsgu%(r%(l)gp%?tieos%nTﬁ%nSéaus%}d“vgﬁ%n éél eerrl&éoﬁaé{ﬁdﬁg resistivity, low
dissipatiarefactorngoad thierinalP Eonductivity psuichtasiepoxd/iwitk proper fitler.thermaIThe structures
described i il & gonstitule 3 plyally of passive girquibelements of 12Ds.In ns.embodiment
conductive layer 180h, conductive layer 188, insulating layer 192, and conductive layer 196e is a MIM
capacitoro ReSistivé layer A0 i§ Eésistar’élemeht #ithe prassiendicteit. FAe indi¥iduallsections of

conductive fayer 18011802 £3d)e wavad op seler inplan e to piaduicear et e desired

properties of an inductor. . e MIM capacitor has a given Q factor, which is a measure of
efficiencyPas e ratiotcileapabitive Peactancd i fisistance aPa givehiireguencyr The MIvEapacitor must

have a highQ fagtor,for pptimal Riyperformance. The.insilating layen 492 farmec ayerthg first smooth
surface of conductive layer 188 reduces the ESR of the MIM capacitor and hotspot problems caused by

particles BR8 hiRBRKS befiwesit HetdiBRciiiPatd Edrdudtive 187618 SCoRdGetived By Pa8 Biso reduces
high lockdssueshecause of self-annealing. By decreasing ESR, the Q factor of the MIM capacitor is
increased. In addition, the thick bottom-side conductive layer formed over the second smooth conductive

layer 188 minimizes patticlé8 AndHfill-itke DetRESn i coRdudiVE Tayet BintreSistive faysf Shhich
increases thelo Sbipreteciipadeve andreduces the ESRand wsreases Q factorfor the Mileeapacitor.

156 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 158 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. A portion of passivation layer 158 is
removed to expose insulating layer 156 and portions of interface
layer 152.

An electrically conductive layer 160 is formed over
insulating layers 126 and 128 and the exposed portions of
interface layer 122 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other

suitable metal deposition process to form individual portions or
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
method of making a semiconductor device, comprising: providing a temporary substrate; forming an
interface layer over the temporary substrate; forming a smooth conductive layer over the interface layer;

forming a>firstirstfatihg dayertdiér a firsPStrfaceVst thé¥hfooth CoRdtctife 18)6r; 0 more

layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material with typically adhesive and barrier layer
like Ti, TiW, or Cr. The individual portions of conductive
layer 160 can be electrically common or electrically isolated
depending on the connectivity of the individual semiconductor
die. Conductive layer 160b is the top electrode of the MIM
capacitor. Another portions of conductive layer 160 is a bridge
for the inductor, ground plane, or interconnections to other
circuit components.

An optional insulating or passivation layer 162 is
formed over insulating layer 158 and conductive layer 160 using
spin coating, PVD, CVD, printing, sintering, lamination, or
molding process. The passivation layer 162 can be one or more
layers of low temperature (<250C) cured photosensitive polymer
resist, molding compound, solder mask, liquid crystal polymer
film, Si02, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PRO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. The insulating layer 162 has a low k and
loss tangent.

An insulating or passivation layer 164 is formed over
insulating layer 162 using spin coating, PVD, CVD, printing,
spin coating, sintering, lamination, or molding process. The
passivation layer 164 can be one or more layers of low
temperature (<250C) cured photosensitive polymer resist, molding
compound, solder mask, liquid crystal polymer film, SiO2, Si3N4,
SiON, Ta205, Al203, polyimide, BCB, PBO, epoxy/ethyl lactate
base, or other material having suitable insulating properties.
The insulating layer 164 has a low k and loss tangent. A
portion of insulating layers 162 and 164 is removed by deep

reactive ion etching (DRIE) or laser drilling process to form
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forming a second insulating layer over the first insulating layer and first surface of the smooth conductive
layer; removing a portion of the second insulating layer to expose the first insulating layer and interface

layer; forming a first conductive layer over the first insulating layer and interface layer, forming a
third insulating layer over the second insulating layer and first conductive layer; removing the
temporary substrate to expose the interface Layer;

vVias, which expose conductive iayer 160a and 160g. The

insulating layer 162 and 164 can be formed as a single layer.

Prior to removing the bottom-side carrier, an
electrically conductive material is deposited in the vias of
insulating layers 162 and 164 by PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. The conductive material can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. The conductive
material forms conductive pillars 166.

In another embodiment, conductive pillars 166 are
formed prior to insulating layers 162 and 164 by plating or
stacking bumps. The insulating layer 162 and 164 are then
formed around conductive pillars 166.

An optional temporary topside carrier is mounted over
insulating layer 164 with a releasable adhesive layer for
structural support. The bottom-side carrier is removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A portion of
interface layer 152 is removed by a patterning and etching
process to expose conductive layer 154, resistive layer 155, and
conductive layer 160. Conductive layer 164 acts as the etch
stop layer due to its high selectivity to protect insulating
layer 156 while removing the portion of interface layer 152.

After removing the bottom-side carrier, an
electrically conductive layer 168 is formed over the bottom-side
of the device using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, metal foil lamination, or other
suitable metal deposition process to form individual portions or
sections 168a-168i. Conductive layer 168 can be one or more

layers of Ti, Tiw, Cr, Al, Cu, Sn, Ni, Au, Ag, or other suitable
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removing a portion of the interface layer to expose the smooth conductive layer and first conductive layer;
forming a second conductive layer over the first conductive layer and a second surface of the smooth
conductive layer opposite the first surface of the smooth conductive layer; and forming a fourth
insulating layer over the second conductive layer and interface layer. 2. The method of claim 1, further
including: removing a portion of the fourth insulating layer to expose the second conductive layer; and

forming & thfrd condtictive yerBrérithe seebRt tdhductive Layersmpodiment, conductive

layer 168 has a thickness greater than 3 um. The individual
portions of conductive layer 168 can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. Conductive layer 168a-168b is
electrically connected to the second smooth surface of
conductive layer 154, opposite its first smooth surface, to form
a bottom electrode of the MIM capacitor. Conductive layer 168c-—
168d is electrically connected to resistive layer 155.
Conductive layer 1681 is electrically connected to conductive
layer 160g.

An insulating or encapsulation layer 170 is formed
over conductive layer 168 and interface layer 152 using spin
coating, PVD, CVD, printing, sintering, lamination, or molding
process. The passivation layer 170 can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al1203, liquid crystal polymer film,
polyimide, BCB, PBO, epoxy/ethyl lactate base, molding compound,
low temperature (<250C) cured photosensitive polymer dielectric,
or other material having suitable insulating properties. The
passivation layer 170 has high resistivity, low dissipation
factor, good thermal conductivity, such as epoxy with proper
filler.

The optional topside carrier and adhesive layer are
removed by non-destructive heat, light, chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake,
laser scanning, or wet stripping. An electrically conductive
bump material is deposited over conductive pillars 166 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
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3. The method of claim 1, wherein the second conductive layer, smooth conductive layer, first insulating
layer, and first conductive layer constitute a metal-insulator-metal (MIM) capacitor. 4. The method of
claim 3, wherein the smooth conductive layer reduces particles and hill-locks between the first insulating
layer and smooth conductive layer which increases breakdown voltage and electrostatic discharge
protection for the MIM capacitor. 5. The method of claim 3, wherein the smooth conductive layer and

second cORBUGRETAYE forT & BAfsn dleEideearthe MAR Bapa&itor S ihERRASE T ctor of the MIM
capacitorrs Thedpethoadeeficlaim &, whareia aportion afithei secondicondsctives layer ingludes an

inductor. 7. A method of making a semiconductor device, comprising: providing a carrier; forming a
smooth cORHGERE IaFEF 6VaFIRB taferPfOhiRY alfir GRS Hating TayRP GvEF X first&tiace 'of the smooth
conducti\zgeulayematg faraling & secondvasulainglayer averthe firstiasulating tayes anddirst surface of
thesnmmﬁ%fggggjgg£%¥e%o form spherical balls or bumps 172. In some
applications, bumps 172 are reflowed a second time to improve
electrical contact to conductive pillars 166. The bumps can
also be compression bonded to conductive pillars 166. Bumps 172
represent one type of interconnect structure that can be formed
over conductive pillars 166. The interconnect structure can
also use bond wires, conductive paste, stud bump, micro bump, or
other electrical interconnect.

The structures described in FIG. 5 constitute a
plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 160b, insulating layer 156,
conductive layer 154, and conductive layer 168b is a MIM
capacitor. Resistive layer 155 is a resistor element in the
passive circuit. The individual sections of conductive layer
168e-168h can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

The MIM capacitor has a given Q factor, which is a
measure of efficiency as the ratio of capacitive reactance to
resistance at a given frequency. The MIM capacitor must have a
high Q factor for optimal RF performance. The insulating layer
156 formed over the first smooth surface of conductive layer 154
reduces the ESR of the MIM capacitor and hotspot problems caused
by particles and hill-locks between the dielectric and
conductive layers. Conductive layer 154 also reduces high lock
issues because of self-annealing. By decreasing ESR, the Q

factor of the MIM capacitor is increased. In addition, the

thick bottom-side conductive layer formed over the second smooth
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removing a portion of the second insulating layer to expose the first insulating layer; forming a first
conductive layer over the first insulating Layer; forming a third insulating layer over the second
insulating layer and first conductive layer; removing the carrier; forming a second conductive layer
over a second surface of the smooth conductive layer opposite the first surface of the smooth conductive

layer; and forming a fourth insulating layer over the second conductive layer.
conductive layer 154 minimizes particles and hill-locks between

the conductive layer and resistive layer, which increases the
ESD protection level and reduces the ESR and increases Q factor
for the MIM capacitor.

FIG. 6 illustrates another process of forming an IPD
structure using a smooth conductive layer and bottom-side
conductive layer. A temporary or sacrificial bottom-side
substrate or carrier contains silicon, polymer, polymer
composite, metal, ceramic, glass, glass epoxy, beryllium oxide,
tape, or other suitable low-cost, rigid material or bulk
semiconductor material for structural support.

An electrically conductive layer 180 is formed over
the bottom-side carrier using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
metal foil lamination, or other suitable metal deposition
process to form individual portions or sections 180a-1801i.
Conductive layer 180 can be one or more layers of Ti, Tiw, Cr,
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 180
has a thickness greater than 3 pm. The individual portions of
conductive layer 180 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die.

An insulating or passivation layer 182 is formed over
the bottom-side carrier and conductive layer 180 using spin
coating, PVD, CVD, printing, sintering, lamination, or molding
process. The passivation layer 182 can be one or more layers of
low temperature (<250C) cured photosensitive polymer resist,
molding compound, solder mask, ligquid crystal polymer film,
sio2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,

epoxy/ethyl lactate base, or other material having suitable
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8. The method of claim 7, further including: removing a portion of the fourth insulating layer to expose
the second conductive layer; and forming a third conductive layer over the second conductive Layer.
9. The method of claim 7, wherein the second conductive layer, smooth conductive layer, first insulating
layer, and first conductive layer constitute a metal-insulator-metal (MIM) capacitor. 10. The method of
claim 9, wherein the smooth conductive layer reduces particles and hill-locks between the first insulating

layer and-SMBoMTCOHAURECE flyet Which ihifeasesbreakdsivt F8Rage Srd Biettrdstatit disdidtge

protection derdhe M gapacitorp ddc The naethod of claimrly wherein thesmeothsanduetive/layer and
second conductive layer form a bottom electrode of the MIM capacitor and increase Q factor of the MIM

CapaCHOPRIE or laser drilling process to form vias which expose
conductive layer 180a and 1801i.

Prior to removing the bottom-side carrier, an
electrically conductive material is deposited in the vias of
insulating layer 182 by PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. The conductive material can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. The conductive material forms conductive
pillars 184.

In another embodiment, conductive pillars are formed
prior to insulating layer 182 by plating or stacking bumps. The
insulating layer 182 is then formed around conductive pillars
184.

An electrically conductive bump material is deposited
over conductive pillars 184, after forming insulating layer 182
or after forming of insulating layer 198, 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 pillars 184 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 186. In some applications, bumps 186
are reflowed a second time to improve electrical contact to
conductive pillars 184. The bumps can also be compression

bonded to conductive pillars 184. Bumps 186 represent one type
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12. The method of claim 7, wherein a portion of the second conductive layer includes an inductor. 13.
The method of claim 7, further including forming a resistive layer between the substrate and second
insulating Layer. 14. A method of making a semiconductor device, comprising: providing a carrier;
forming a first conductive layer over the carrier; forming a first insulating layer over a first surface of the
first conductive layer; forming a second insulating layer over the first insulating layer and first surface

of the first EorBGERNVEIRPEST SFEHOVIHG A Porfibn of thePSeddidiRSUINRY 14y 16 ekpdse the first
insulatinglayesrs ferming arsecondcondustive: layeraverthe fisstinsulating bayesnd

wires, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The bottom-side carrier is removed by chemical
etching, mechanical peel-off, CMP, mechanical grinding, thermal
bake, laser scanning, or wet stripping. A conductive layer 188
is formed over conductive layer 180h by patterning with PVD,
CVD, or other suitable deposition process. In one embodiment,
conductive layer 188 is a resistive layer including TaxSiy or
other metal silicides, TaN, NiCr, Ti, TiN, TiW or doped poly-
silicon having a resistivity between 5 and 100 ohm/sqg.
Conductive layer 188 has opposing first and second smooth
surfaces for later formation of a MIM capacitor.

A resistive layer 190 is patterned and deposited over
insulating layer 182 using PVD, CVD, or other suitable
deposition process. Resistive layer 190 is Ta2Si or other metal
silicides, TaN, NiCr, Ti, TiN, TiW or doped poly-silicon having
a resistivity between 5 and 100 ohm/sg. Conductive layer 188
and resistive layer 190 can be formed during the same deposition
process.

An insulating or dielectric layer 192 is formed over
the first smooth surface of conductive layer 188 using
patterning with PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 192 can be one or more layers
of Si3N4, Si02, SiON, Taz205, Al203, polyimide, BCB, PBO, or
other suitable dielectric material. Conductive layer 188 and
insulating layer 192 can be patterned with the same mask and by
the same or consecutive deposition processes in a high wvacuum
environment.

An insulating or passivation layer 194 is formed over
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forming a third insulating layer over the second insulating layer and second conductive layer; removing
the carrier,; forming a third conductive layer over a second surface of the first conductive layer
opposite the first surface of the first conductive layer; and forming a fourth insulating layer over the
third conductive Layer. 15. The method of claim 14, further including: removing a portion of the fourth

insulating layer to expose the third conductive layer; and , ,
conductive layer 180, resistive layer 188 and insulating layer

182 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 194 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. A portion of passivation layer 194 is
removed to expose insulating layer 192, resistive layer 190, and
conductive layer 180.

An electrically conductive layer 196 is formed over
insulating layers 192, resistive layer 190, and conductive layer
180 using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections 196a-
196e. Conductive layer 196 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive
material with typically adhesive and barrier layer like Ti, TiW,
or Cr. The individual portions of conductive layer 196 can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 196e is the bottom top electrode of the MIM capacitor.
Conductive layer 196c and 196d are electrodes for resistor 190.
Other portions of conductive layer 196 is a bridge for the
inductor, ground plane, or interconnections to other circuit
components.

An insulating or passivation layer 198 is formed over
conductive layer 196 and insulating layer 194 using spin
coating, PVD, CVD, printing, sintering, lamination, or molding
process. The passivation layer 198 can be one or more layers of
Si02, Si3N4, SiON, Ta205, Al1203, liquid crystal polymer film,
polyimide, BCB, PBO, epoxy/ethyl lactate base, or other material

having suitable insulating properties. The passivation layer
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forming a fourth conductive layer over the third conductive Layer. 16. The method of claim 14, wherein
the third conductive layer, first conductive layer, first insulating layer, and second conductive layer
constitute a metal-insulator-metal (MIM) capacitor. 17. The method of claim 16, wherein the first
conductive layer reduces patrticles and hill-locks between the first insulating layer and first conductive
layer which increases breakdown voltage and electrostatic discharge protection for the MIM capacitor.

18. The mMéthod ot diiff16,3vHerein theirst Cohdirctive Rijet @hd'thfrd ConddaR/ 15§&rfotm a bottom

electrode-efriihe MM, capacitor anddacrease R factor ef:theMIM: eapagitor. 19. The method of claim 14,
wherein a portion of the third conductive layer includes an inductor. 20. The method of claim 14, wherein

the third or fourth insulafién fyer proViGe sHGEGEraIuPpdR. 275A ntethiod BF hakirg & semiconductor
device, comprisingt providipg escarder; ferning acfirsheonduciive iayey over the garrier;

embodiment, conductive layer 180h, conductive layer 188,
insulating layer 192, and conductive layer 196e is a MIM
capacitor. Resistive layer 190 is a resistor element in the
passive circuit. The individual sections of conductive layer
180b-180e can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

The MIM capacitor has a given Q factor, which is a
measure of efficiency as the ratio of capacitive reactance to
resistance at a given frequency. The MIM capacitor must have a
high Q factor for optimal RF performance. The insulating layer
192 formed over the first smooth surface of conductive layer 188
reduces the ESR of the MIM capacitor and hotspot problems caused
by particles and hill-locks between the dielectric and
conductive layers. Conductive layer 188 also reduces high lock
issues because of self-annealing. By decreasing ESR, the Q
factor of the MIM capacitor is increased. In addition, the
thick bottom-side conductive layer formed over the second smooth
conductive layer 188 minimizes particles and hill-locks between
the conductive layer and resistive layer, which increases the
ESD protection level and reduces the ESR and increases Q factor
for the MIM capacitor.

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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forming a first insulating layer over a first surface of the first conductive layer; forming a second
insulating layer over the first surface of the first conductive layer; forming a second conductive layer
over the first insulating Layer; forming a third insulating layer over the second insulating layer and
second conductive layer; removing the carrier; forming a third conductive layer over a second surface

of the first conductive layer opposite the first surf%cle of the first conductive layer; and
alms

What is claimed:

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

providing a temporary substrate;

forming an interface layer over the temporary substrate;

forming a smooth conductive layer over the interface layer;

forming a first insulating layer over a first surface of
the smooth conductive layer;

forming a second insulating layer over the first insulating
layer and first surface of the smooth conductive layer;

removing a portion of the second insulating layer to expose
the first insulating layer and interface layer;

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

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

removing the temporary substrate to expose the interface
layer;

removing a portion of the interface layer to expose the
smooth conductive layer and first conductive layer;

forming a second conductive layer over the first conductive
layer and a second surface of the smooth conductive layer
opposite the first surface of the smooth conductive layer; and

forming a fourth insulating layer over the second

conductive layer and interface layer.
2. The method of claim 1, further including:
removing a portion of the fourth insulating layer to expose

the second conductive layer; and
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forming a fourth insulating layer over the third conductive Layer. 22. The method of claim 21, further
including: removing a portion of the fourth insulating layer to expose the third conductive layer; and
forming a fourth conductive layer over the third conductive Layer. 23. The method of claim 21, wherein
the third conductive layer, first conductive layer, first insulating layer, and second conductive layer
constitute a metal-insulator-metal (MIM) capacitor. 24. The method of claim 23, wherein the first
conductive layef RIJUtRY partidlds dnd MiRlocks Betwesithefrstinstifating fayet ardfitsCéontctive
layer which {rcreases breakdown voltage and electrostatic discharge protection for the MIM capacitor.
25. The method of claim 23, wherein the first conductive layer and third conductive layer form a bottom
electrode of the MIM capacitor and increase Q factor of the MIM capacitor.

3. The method of claim 1, wherein the second conductive layer,

smooth conductive layer, first insulating layer, and first
conductive layer constitute a metal-insulator-metal (MIM)

capacitor.

4., The method of claim 3, wherein the smooth conductive layer
reduces particles and hill-locks between the first insulating
layer and smooth conductive layer which increases breakdown
voltage and electrostatic discharge protection for the MIM

capacitor.

5. The method of claim 3, wherein the smooth conductive layer
and second conductive layer form a bottom electrode of the MIM

capacitor and increase Q factor of the MIM capacitor.

6. The method of claim 1, wherein a portion of the second

conductive layer includes an inductor.

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

providing a carrier;

forming a smooth conductive layer over the carrier;

forming a first insulating layer over a first surface of
the smooth conductive layer;

forming a second insulating layer over the first insulating
layer and first surface of the smooth conductive layer;

removing a portion of the second insulating layer to expose

the first insulating layer;
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26. The method of claim 21, wherein a portion of the third conductive layer includes an inductor. 27. The
method of claim 21, wherein the third or fourth insulation layer provide structural support.

forming a first conductive layer over the first insulating
layer;

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

removing the carrier;

forming a second conductive layer over a second surface of
the smooth conductive layer opposite the first surface of the
smooth conductive layer; and

forming a fourth insulating layer over the second

conductive layer.

8. The method of claim 7, further including:

removing a portion of the fourth insulating layer to expose
the second conductive layer; and

forming a third conductive layer over the second conductive

layer.

9. The method of claim 7, wherein the second conductive layer,
smooth conductive layer, first insulating layer, and first
conductive layer constitute a metal-insulator-metal (MIM)

capacitor.

10. The method of claim 9, wherein the smooth conductive layer
reduces particles and hill-locks between the first insulating
layer and smooth conductive layer which increases breakdown
voltage and electrostatic discharge protection for the MIM

capacitor.
11. The method of claim 9, wherein the smooth conductive layer

and second conductive layer form a bottom electrode of the MIM

capacitor and increase Q factor of the MIM capacitor.
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12. The method of claim 7, wherein a portion of the second

conductive layer includes an inductor.

13. The method of claim 7, further including forming a
resistive layer between the substrate and second insulating

layer.

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

providing a carrier;

forming a first conductive layer over the carrier;

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

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

removing a portion of the second insulating layer to expose
the first insulating layer;

forming a second conductive layer over the first insulating
layer;

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

removing the carrier;

forming a third conductive layer over a second surface of
the first conductive layer opposite the first surface of the
first conductive layer; and

forming a fourth insulating layer over the third conductive

layer.

15. The method of claim 14, further including:
removing a portion of the fourth insulating layer to expose

the third conductive layer; and
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forming a fourth conductive layer over the third conductive

layer.

16. The method of claim 14, wherein the third conductive layer,
first conductive layer, first insulating layer, and second
conductive layer constitute a metal-insulator-metal (MIM)

capacitor.

17. The method of claim 16, wherein the first conductive layer
reduces particles and hill-locks between the first insulating
layer and first conductive layer which increases breakdown
voltage and electrostatic discharge protection for the MIM

capacitor.

18. The method of claim 16, wherein the first conductive layer
and third conductive layer form a bottom electrode of the MIM

capacitor and increase Q factor of the MIM capacitor.

19. The method of claim 14, wherein a portion of the third

conductive layer includes an inductor.

20. The method of claim 14, wherein the third or fourth

insulation layer provide structural support.

21. A method of making a semiconductor device, comprising:
providing a carrier;
forming a first conductive layer over the carrier;
forming a first insulating layer over a first surface of
the first conductive layer;
forming a second insulating layer over the first surface of

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

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

removing the carrier;

forming a third conductive layer over a second surface of
the first conductive layer opposite the first surface of the
first conductive layer; and

forming a fourth insulating layer over the third conductive

layer.

22. The method of claim 21, further including:

removing a portion of the fourth insulating layer to expose
the third conductive layer; and

forming a fourth conductive layer over the third conductive

layer.

23. The method of claim 21, wherein the third conductive layer,
first conductive layer, first insulating layer, and second
conductive layer constitute a metal-insulator-metal (MIM)

capacitor.

24. The method of claim 23, wherein the first conductive layer
reduces particles and hill-locks between the first insulating
layer and first conductive layer which increases breakdown
voltage and electrostatic discharge protection for the MIM

capacitor.
25. The method of claim 23, wherein the first conductive layer
and third conductive layer form a bottom electrode of the MIM

capacitor and increase Q factor of the MIM capacitor.

-36—



26. The method of claim 21, wherein a portion of the third

conductive layer includes an inductor.

27. The method of claim 21, wherein the third or fourth

insulation layer provide structural support.
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