SEMICONDUCTOR DEVICE HAVING IPD STRUCTURE WITH 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
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 electrlcal co nents Discrete semiconductor dewces enerallg(’ contaln one pe of electrical
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digital micro-mirror

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

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, gﬁf&ﬁ@tﬁ/ef%gml controllers, and office equipment. Semiconductor devices exploit

the electrical properties ef,semiconduetor qeaterals. Fbe atemicsstiuciwrerefisgmieenductor material
allows its electrical conductivity to be manipulated by the application of an electric field or through the

process SFUBHING. BopiHg ntroduttS imphififiés fitd the- dermftondutior mRteRdl 8 manipulate and control
the conduetiwity-of the semiconduepielevicesignal s A semiconductorydeviee €ovtains active and
passive electrical structures. Active structures, 'ncludin%giésolar,an,d field effect transistors, control the

flow of electficalEurrerit® By Varing teveld or-doPing and application oF arBlecticHiald 3F base current,
the transistareithep projaotescrsesuictsthedlovs obeledtrical eyrsent. Passivenductor

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
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



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 'pétertRlly Hemdreds drstéps. ErenkRERd Aidititactirifg inVohasthg¥ermation of a plurality of die
on the surfaee f ecsemicgnduetar walker- Eaeh dieisttypicakly idgntiealand eafainsraircuits formed by
electrically connecting active and passive components. Back-end manufacturing, involves singulating
individuaPGieFrom i‘ﬁgﬂnﬂ%}%%]{/\?ﬁér &itd phEkaing e tie 16 prothae Strctutar portt/ard © S
environmental fsalation.on of Ona gealdfisenicoaductenmansgfactitringis te praduce smaller
semiconductqr devices. Smaller devices typically consume less_power, have higher performance, and can
be produg&l ot EHficiShtly" "T‘r{ %ﬁditioﬂ%&a er sé}ﬁic%ﬁaﬁ&%}p%éviégg BavEd's £f§er footprint, which is
desirabledonsmatier end praducts A smaller dielsize: maydiel achievied by improvenients imthe front-end

process resulting in die with smaller, Igglgtir_%enrglt%aa&l}ze nd passive components. Baak-%nd ﬁrocesses

may resultin Semiconducior device packages with a smatler 1foo]t|€)1ﬁntlI51yVﬁ9npr%\sier%lerrll%uinae ectrical

interconnectionr addgackagingmmateriats. £ inishémotirergoat oflsemidondiotor mhanufaetuting is to

produce Eiﬁgher Q%rforman e semiconducto;; de\I{igeg Increaslgg ir%g?vijggéjlearlformgnce can be

. = ) . .
accompli ggtl)y or?nlﬁbl%cﬁ\%j co%lf)%%gﬁtst at arengal[;:a e of operating at 'iLg%er speeds. In high

freq_uency applications@zs.l@chyas1 1ac¢id5_ fménev@ﬁﬁwﬂetess@mﬂumtaﬂrorisi irttegrai_@dhpassive_
devices (IEDs)are aften; contained within the semicogductor deyice; Examples, of IPRs include resistors,

capacitors, and inductors. A typical RF system requires multiple IPDs in one or more semiconductor
packages 0 p&ifern fisnecessary Bleefrical firetioRs T sapeatsitor &1y pically fermebflomestacked

layers 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 resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. In
high frequency applications, such as radio frequency (RF)
wireless communications, integrated passive devices (IPDs) are
often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

The 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 capacitor, which reduces the Q factor. In addition, the electrostatic discharge (ESD)
protectioR fevet bf-the MIN‘EapaCtor ii%g?f&é(d%b)f e st dritFRil-lodkeShetiveEA TRE dielectric and

metal layges: wsamaneofi thednyentionrand me tA Negdexists foraa MiMheapasitorand induetor with high
Q factors and high level of ESD protection. Accordingly, in one embodiment, the present invention is a

semicondUorrd&ice cSMpHEngG dh ihtatfadeiialer Bosnboth dohtbicthvetayer Qisposéd tVE the
interface taytercand arfisstinsulating layes dispased pver adirst .surfeace ofthe smeoth corduaiive layer. A
first con%gective layer is%disposed over the first insul ting%l?er nd the interface layer, and the first
conductive 14yef contactstha Hirstihsdiging RyeF A sBEoid nsufating igyer is %Y’s%%%léd OVér the second
insulatinglawyet ane the first condudtiveklayere and ensetonddtiondective tayends dispased belowsthe first
conductive layer and contacts a second surface of the. smooth co ive layer. T cond surface of
the Smoot CL R0 Ve Ry & b ere F AP stTae PE o o comachse B =
another embaodiment, thelpresenténventiontisa senfieonductor devieeldomiprisingtd smooth conductive

layer, a firstinsylating layer dispoged gver @ st surface of {he smooth candydiye ayer, and a firs
conductive layer 8|spose§over the first insulating ]?ayer. second Insulating layer is disposed over the
first insulating: tayer and thel fitst cdadubtivetlager andiadecormhcbriduttive (ayes iddispesed below a

second sprface of the smoaoth conduictive Iaiy%; that is opposite the first surface of the smooth conductive

layer. In another embodiment, the present invention is a semiconductor device comprising a first
conductive layer, a first insulating layer disposed over a first surface of the first conductive layer, and a

second insulating layer disposed oveg{hgnfirst sy¥aceaf thefigtqluctive layer. A second conductive
layer is disposed over the first insulating layer, and a third conductive layer is disposed below a second

surface of the first conductive layer that is opposite the first surface of the first conductive layer.
A need exists for a MIM capacitor and inductor with

high Q@ factors and high level of ESD protection. Accordingly,
in one embodiment, the present invention is a semiconductor
device comprising an interface layer, a smooth conductive layer
disposed over the interface layer, and a first insulating layer
disposed over a first surface of the smooth conductive layer. A
first conductive layer is disposed over the first insulating
layer and the interface layer, and the first conductive layer
contacts the first insulating layer. A second insulating layer
is disposed over the second insulating layer and the first
conductive layer, and a second conductive layer is disposed
below the first conductive layer and contacts a second surface
of the smooth conductive layer. The second surface of the
smooth conductive layer 1is opposite the first surface of the
smooth conductive layer.

In another embodiment, the present invention is a

semiconductor device comprising a smooth conductive layer, a



In another embodiment, the present invention is a semiconductor device comprising a smooth conductive
layer, a first insulating layer disposed over a first surface of the smooth conductive layer, and a first
conductive layer disposed over the first insulating layer. A second insulating layer is disposed over the
first conductive layer, and a second conductive layer is disposed below a second surface of the smooth
conductive layer that is opposite the first surface of the smooth conductive layer. Brief Description of the
Drawings" t 75t PP HUEFate B CBIWRR Sfferéntypés bf packayesimbanted tbs surface; FIGs.

2a-2c illustiatecfurtben detatl of dhe seRresentative semicondustol packages mpunted tptheCB;
FIGs. 3a-3g illustrate a method of forming a MIM capacitor with a smooth_conductive layer and
bOHOﬁFS%%%ﬁHﬁE%ﬁ&éEﬁ&ﬂﬁnsulatlng layer. A second insulating layer 1is

disposed over the first insulating layer and the first
conductive layer, and a second conductive layer is disposed
below a second surface of the smooth conductive layer that is
opposite the first surface of the smooth conductive layer.

In another embodiment, the present invention is a
semiconductor device comprising a first conductive layer, a
first insulating layer disposed over a first surface of the
first conductive layer, and a second insulating layer disposed
over the first surface of the first conductive layer. A second
conductive layer is disposed over the first insulating layer,
and a third conductive layer is disposed below a second surface
of the first conductive layer that is opposite the first surface
of the first conductive layer.

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

the smooth conductive layer.
Brief Description of the Drawings
FIG. 1 illustrates a PCB with different types of

packages mounted to its surface;

FIGs. 2a-2c illustrate further detail of the



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 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 fHeF SR8 of Sififar Ei8rhents Wi theamiémtion iR udsERBed ih tefmsdfFrie best mode for
achieving the invention's objectives. it wilkbe appreciatedihythese skilgd iythe artithat it is intended to
cover alternatives, modifications, and equivalents as maége included within the spirit and scope of the

invention e a&Hined by the apheiitRa daifd A helFeduivaEn s Siidoredy fhe following

disclosureanghdrawirgslayer; Semiconductor devices are generally manufactured using two complex
manufacturing processes: Jro,nt-end mgnufacturin and back-end manuéacturin . Front-end manufacturing

involves the formationh of a-pltfaliy SFdiesh the Sace SH A Sémiddndictor Watér- Each die on the wafer

contains activecand passive electrical components, which are electrically connected
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 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
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and

passive electrical components, which are electrically connected



to form functional electrical circuits. Active electrical components, such as transistors and diodes, have
the ability to control the flow of electrical current. Passive electrical components, such as capacitors,
inductors, resistors, and transformers, create a relationship between voltage and current necessary to
perform electrical circuit functions. Passive and active components are formed over the surface of
the semiconductor wafer by a series of process steps including doping, deposition, photolithography,
etching, & pRIVAriZ&G6H B85ty ftfidutes mparitédinte the $&hitdRdGdtor hatéhdl by techniques
such as iesdpplaatation ertbermal diffusionsthe doping Rrosess Moagifies the£legrigalicpngdyctivity of
semiconductor material in_active devices, transforming the semiconductor material into an insulator,
conductor SFdyrmntif&lly dihdiig thee§&rhitoRductdF hfdtéral dondticivininFesgdrietto an electric
field or basgnguitent: I fansistbrsacontainaegionsHf varying types, and-degrees ©f deping arranged as
necessary to enable the transistor to promate or restrict the flow of electrical current upon the application
of the elechfd fidld'dPbage cufeht® @ T Rt Hh Eas%%;ewggrﬁpgﬁgﬁ%%?e ?&#edl by fyers of
materialsnwitke differenttelegtdedlprapertiest The dayers can be formed byrasvariety of deposition
techniques determined_in part by the type of material bein depositedF For example, thin film deposition
may Imvoive chomical Ss HEBOSITon {CV )y SR bor dBDSsiton (PO Hectiortic pating, and
electrolessiplating prdcesses sEadlt layeén iscgeneralfye patternedse farms portionsafactive copgponents,

passive comnonents, of sleqtioal.conneetions beWesnSOMRONEIS, . JHsayets gan be patterned
using photolithography, which’involves the deposition of light sensitive'material, e.&, photoresist, over

the I_ayerpd @eq;aite&rb;ejdzm pa@@mﬁg%ah@fa@tr_@m eiphouohta_'ts%@tojthe @hbl’(ﬂ'esisf[ using I_ight. The
portion of the;phatoresist paftem.subjected to light is yemoved ysing.a sglvent, exposingpartigns of the

underlying layer to be patterned. The remainder of the photoresist is removed, leaving behind a patterned
layer. Altéireitipely, dormeugpesof malerialonic patterned by dirsttly depositingehe aratérallinto the

measOr¥%@§£@@T§i@¥a&¥e¥@M§conductor material in active devices,

transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,

which involves the deposition of light sensitive material, e.g.,



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 pofSHihG Pad! Ahrait¥&i%e MstefiaVatd EorrbSive ehemiclt Are aBded td-fid surface of the wafer
during palishingr & he conbined meshanisahagtianofthe ahiasive andLorrosivecactionaf the chemical
removes any Irregular topography, resulting in a uniformly flat surface. Back-end manufacturing
refers to Eﬁﬁnﬁ%?%ﬁfﬁbléiﬁgt%% et Wafe? ntB e Fdividta GiE BRd thén bheRdging the die for
structurak-suppestand eAvirenentakisolationp &6 sigubatetthe glie, dhie waderisseoned aad broken along
non-functjonal regions of the wafer called saw streets or, scribes. The wafer is singulated using a laser
cutting tobF&F Beuk Dl Aer Shitidton. the FANGS he &le MEGNTAPI s PALRAge Substrate that
Includes pinscarccbntdet padsdobirtercdanaegiinntwitih other system campoeneatsi Gohigct pads formed

over the %emicondgctor die arelthen conneg;ceg to Cé)nktjact(ﬁ)ads ii_hin gweggackaagg. T@ﬁ electrical
C

connections can Bé made with ssoldaerr%u%?ps, stut bumps, conductive p% e, or wirebonds. An

encapsulaaterathér moldinghmeateriakis deposited svépthrequackage te peovide physical support and

electrical jsolation. T inistied, packade is fen insetied info.an electrical system and thefungtionality o
the semiconductor device is made available to the other system components. . 1illustrates

electroni@éleyit;e@DyITai\MQDé@mplgarr_ier substrate or PCB 52 with a plqrality of semiconductor pacl_<ages
mounted on its surface, Electranic device 50,may have ong type of semiconductor package, or multiple

types of semiconductor packages, depending on the application. The different types of semiconductor
package®afe shiows N FEFap fsrpirpodercofitdstiatihng 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
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted to
a package substrate that includes pins or contact pads for

interconnection with other system components. Contact pads



Electronic device 50 may be a stand-alone system that uses the semiconductor packages to perform one
or more electrical functions. Alternatively, electronic device 50 may be a subcomponent of a larger
system. For example, electronic device 50 may be a graphics card, network interface card, or other signal
processing card that can be inserted into a computer. The semiconductor package can include
microprocessors, memories, application specific integrated circuits (ASICs), logic circuits, analog circuits,

RF circuit> tierete deviddsS of BtheT Seticdrtiuctordie of efdtiricaf eonfjonentd:© C° t3FEIG. 1, PCB
52 providesasgenenak substeate fonstricturar suprort ang etectrical inferconsest oftheisemigarductor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 (&g eV&g6tatioR “EIBEtrolyfid PltNGPSlectroieds piaify, RErkeh pritting bF BHe? Suitable metal
depositionpreeesse Sigral trases Sdnprovidelfer elgciticad eammunicatianketweensach aftibe
semiconductor packages, mounted components, and other exterpal system compo ents. Traces 54 also
provide gEHE 370 GrouRl CORECHORETH Sheh DI Senbhdubtsr Pakades L 2 LR some
embodinents, &isemicondupetok device hastwo packagingdevelsoFisst level packagihgds atteehnique for
mechani%arllg aaqudeelgctrrlic%lll)(/D gtt:imq:ing tl%e §%mic~(§)nducté)rr1 ieC Icooan (i]peter.m%dia'gse (I:narrier. Second level
packaging involves m%cﬁaﬁlcaﬁy and e?ectrlcaﬁly a?tirélc%lng the intermediate carrier to the PCB. In other
embodiments, sagemicondutter deviee nsaysorly haverthe dirstdevel packaging where the die is
mechanically and elecgifel.ly Twoupg_%dsgilgeglélsto tlﬂg PCB For thg@lﬁpose of illu%tﬁation, several

types of first level packaging, including wire bond paglga{:g%nég aﬁg\fljl’pcce:hip 8, are shown on PCB 52.

Add_itionaﬂy:rse'\fmalswpe$D&S@ccmd levEl packegiriy, m@ddingbhﬂigri@farwn_éBQAﬁGOﬁmp chip
carrier (BG() 62, dugf in:line. pagkage (DIE), 64, land aricharay. (1GA) §6. multi-chip,modyle (MOM) 68,

guad flat'non-leaded package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52.
Dependirfglapsiy fite Systérrreqairdments; apy donusinatioh sliddémiebadiiotdr packages, configured with

any comtygation g (st apd second leve! nagkaning sulss. asavelas oter sleptroniggomponents, can

be connected to PCB 52. In some embodiments, electronic device 50 includes a single attached

semicondticiérepackagey white otherEhilsodifients salPi? Mdlfiglednteréditigtted pdckages. By

combining aneRfMgre-semicondugtor packages over a single substrate, manufacturers can incorporate
pre-made components into electronic devices and systems. Because the semiconductor packages

include sophisticated f&A&oRaRfY. elettonitSdeicdSdarBe nariFacturddisingy stem that

uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASICs), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal
traces 54 are formed over a surface or within layers of PCB 52

using evaporation, electrolytic plating, electroless plating,



cheaper components and a streamlined manufacturing process. The resulting devices are less likely to
fail and less expensive to manufacture resulting in a lower cost for consumers. FIGs. 2a-2c show
exemplary semiconductor packages. FIG. 2a lllustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 Includes an active region containing analog or digital circuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and are

electricalfAhEEiEoRiedtéd A8cording’io’the etéctfied deshiit 6ftha e SEdreRample i circuit may
include ope i morertransistors, giadess Ndustors. capacitors, resisians, andatber sikeuitelements formed
within the active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive
material, SUEH a8l Ui TALY SOBEECICH 26 T8R) nicker (N GStaTRAN B Sfiver(aY), and are
electricallycconnestedetorthe cirguit @leraentsdasned within-semicondueatos die74-Ddrngassembly of DIP
64, semiconductor die 74 is mounted to an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesive atefiaP 8iich 58 Msimat 8poxy THE D cl?a%e ody’REHdes Cﬁﬁ@ﬁlaﬁ@& a€kaging material
such as polymer or ceramieo@endutiorilicads 88,and wire bonds B2-provitkeveleetricalsinteroconnect
between semiconductar die 74 and_PCB_52. Encapsulant 84 is deposited oyer the package for
erironTe SO b reverting oIS or e o o g T Fb G and
contaminating @iel 24 bi wirenbords=82.r i call FIG L2k Hustratesfarthemdetan of BCC 62imotnted on
PCB 52. Semic%nductoar%igeSSCig mounted o%/er car ielig\geuPirjﬁgd%%undgrﬁll.onrve%e](g-sresin adhesive

ect

material 82. Wire bonds 94 provi e first leve gacc(i(ing ntercon Setween contact pads 96 and 98.

Momnm]mﬁnp@mﬂtgﬁégcaﬁmmaﬂqgmmgcally 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
electronic components, can be connected to PCB 52. In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate
pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated

functionality, electronic devices can be manufactured using
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deposited over semiconductor die 88 and wire bonds 94 to provide physical support and electrical
isolation for the device. Contact pads 102 are formed over a surface of PCB 52 using a suitable metal
deposition such electrolytic plating or electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces 54 in PCB 52. Bumps 104 are formed
between contact pads 98 of BCC 62 and contact pads 102 of PCB 52. In FIG. 2c, semiconductor
die 58 is TR ARE AT HET TS Mt diate ' Cat A8 106 FithH Hip Thip' Styledfilst R8P Packalify. Active
region 108efisemisgnductordie S8-eontakis analeg or digitakeincuitsdimpéenenrtedassactiverdevices,
passive devices, conductive layers, and dielectric layers formed according to the electrical design of the
die. For &8 Sther&rcbift Thay ineflide ore dPHioTe §ansistts, disBesTifddctors, capacitors, resistors,
and other circuit elementswithinzactivegrgionckgaSeimigorauctoneie b isrelgetiralyeand mechanically
connected to casrier,106 through bumps 110. . BGA 60 is electricall an% mechanic Ig connected
to PCB S5 ith DA bTb SELGH bl BEAARE g buvies T2 "CHH ATl b S8 s
electricalbeaonhectad-toccontiuctive signal tradees 54 im PCB/62 through buoipsa110,rsignal diheg 114, and
bumps 1(13%. %molgigg cgmrpcou.rgcdsor.en$ I%u!.flai[,]t 1gés geeosigedd%ve.rcseemicog%usctoredie 58 and carrier
106 to providelp%/smal sﬁppélr and eféctrical isolation for the device. THe ﬁi’p (ﬁnp $&miconductor device
provides @sshortelectricabcarduction gpatir fromethe attivealevices dresemicohducted diei 58 o conduction

tracks on PCBO§2 in orger to redfce ignal Pro a%agion distanc%, Igwer cap%citanc an%improve overall
AR tr b
ciroLit performance.Tn arolier ermbadiment, the SamicoNGULTor dic 56 <an ba hibchanically and
electricallylconmectedldifectyao REB B2eusing flip ¢hip staefist dovet packaging withoarintermediate

carrier 106, ., g0 £1GS,3amg illusitale a,progess otforming an IR styiclure using.a sgiooth

conductive layer and bottom-side conductive layer. In FIG. 3a, a temporary or sactificial substrate or
carrier 12Ceeditaipsssilicond pelypssr, polymer compusite tmefalresrdmic, tdlass, igiasseioxye beryllium
oxide, tape, or gthefesuitable- wgost, igigimaterial orpbulk semicanducior materig) forstrygtyral support.
In one embodiment, carrier 120 in greater than 200 millimeters (mm) in diameter. An interface
layer 122%i3¥%phlie® bvepearfier 120. THE fitédace RyeR 122 cahwie tediporary borfdiRg filin or etch-stop

layer to pretest latersforgsl layers when giemoving, oftheatempasarycartjer. Thggtﬁmp&ﬁ@ryati@ding film
can be heat or light releasable material. The etch-stop layer can be silicon dioxide (Si02), silicon nitride

(Si3N4), Siliesrr bxgritrice (SORT SIAnicilin? poRhiert of nfetartimiwitd Rt 8tthing SelBctivity. The
interface dayer d2<ds depesiedusing lamination, RYR: £/, printinge sgin, coating cspi@y ©osting,
sintering, or thermal oxidation. . . . .
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
over the package for environmental protection by preventing
moisture and particles from entering the package and
contaminating die 74 or wire bonds 82.
FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire

bonds 94 provide first level packing interconnect between

contact pads 96 and 98. Molding compound or encapsulant 100 is
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A smooth conductive layer 124 is formed over interface layer 122 by patterning with PVD, CVD, or other
suitable deposition process. In one embodiment, conductive layer 124 is a resistive layer including
tantalum suicide (TaxSiy) or other metal silicides, TaN, nickel chromium (NiCr), Ti, TiN, TiW or doped
poly-silicon having a resistivity between 5 and 100 ohm/sq. Conductive layer 124 can also be other
conductive material exhibiting hill-lock issue during subsequent processing. Conductive layer 124 has

opposing B S8cAHPEMBBIH SHTALESOF Iterformatan of A MINPEARECitoF. T© ProK{dSistive

layer 1258 pattesnedsapg deposited everdaterfage layey1l22iusing £V0R.HeVBe 04 ether suitable
deposition process. Resistive layer 125 is Ta2Si or other metal silicides, TaN, NiCr, Ti, TiN, TiW or doped
poly-silicit Rhding & Fedistivily bahfedr?5'4Rd FOtFohm/stf Coticicive fayer 124 4t Yasitive layer 125

can be fosmedguringtbe same-gepasitionasd pattelning pracessc plat iAg iasulating or dielectric
layer 126 ii formed over th]:‘1 first smooth surface of conductjve layer 124 usingpr%%g[ernigg with PVD, CVD,

printing, Sinfering” oF therfal 6xidatidn. THE ihslifating 18yer196 can BE bhe or'msre 1ayérs 5t siaNs,
Si02, SiCN dantalum pentexide €La205) ralumirumroxide GAI203)1 potyimides benzacyciehttene (BOB),

polybenzpxazole @B , low temper. re§£<25 0) cured photosensitive polymer resist,.or ather suitable
dielectricgréat%errlla?.> on ut:tivvc}éé a{n))%% 1@ ano iﬁsglgﬁ%e ?aykg?tﬁ Canbe' pgﬁern%%%tt?%eogame mask
and by theCsame orcdnsecutive depasitioh(FroogsseSHN a2high vacuum environment. In FIG. 3b,
an insulating or passivrixtrilor%@é/(.ar }gS is formed oyer condggtiev%lgy(:-:irsl% Jg]%iesgv%laé/gr&%hand

. ) : t; :
insulating layer 126 using spin coatlng,sli?\r/ntl),c&l/ 1f%n%ﬁng, sintering, or therma oxidation. The

passivatior layetr d28<canalie one oy heore 1ayers 0f1Si02, [[i3N4¢BION s Ta265,7Al2038, galyimide, BCB,
PBO, epoxylethyllagtate pase.or qther matarial having siitableinsulating properties, A portion of
passivation layer 128 is removed to expose insulating layer 126 and portions of interface layer 122.
An electricaily eenductivedayerl1 30 isfoimed bver prealiting |ayers A26vandieX8 aad the exposed

portions ofinterface Jayar122 usipg pateiniag MHLD, CYD. spuitering. ¢lestiglytic plapg.glectroless

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

BGA 60 is electrically and mechanically connected to

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

die 58 can be mechanically and electrically connected directly
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suitable metal deposition process to form individual portions or sections 130a-130e. Conductive layer 130
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 130 can
be electrically common or electrically isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 130b is the top electrode of the MIM capacitor. Another portion of
conductive®layeP 136 i'8 bridgé forthehhBucbY, Grodnd pranks BF inteohAgdths o thd circuit
components.ermed i d0&E1Ga3e,iar InsgiAting 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 f&yer X0 Chn e BRE TG nore 1By &St Tow terhBERIE &2568Y cured
photosenstiivepalymsenesist, anotding campenndcsalder magkliguid crystal ditms58@2, SISN4, SION,
Ta205, Al203 ole/imide BCB, PBO, e§o>c<ry/e a%/l lactate base, or other mater; I,ha,virig suitable insulating
propertieS THE ehidting 145ér 132 et & Jow teleuie 20RSEaHt (k- And oS% arigertt In FIG. 3d,
an optionahtemperasy carries 1834s nolhted overiinsulating dayer 1321witte releasdablemadhesive layer 135
for structural suogg%rt. Carrier %33 can be erm%nent bonded to insulating la erﬂ:—’,zu with a.ldctﬂesive layer

135. Carfier 120'is r%mo%%%%y ctwceerﬁﬁl:lgﬁet’ch%g?F’nséch%nﬁssafpggl%ﬁ’,’c f’,%ecﬁaﬁic%fgnﬁding,thermal

bake, laserpeanning carhaet strippiaglA postiorr obinterfaceildyan 122 issrencavediByka patterning and
etching pracess to (gxggg% cgnglé%tiivella¥%r 1245’ rrg(s:igtive Jl?]yser 125r%nd cggd%%ié/e layer 130d-130e.

Conductive Talyce?ri 4 acts as the etc stoprlayser due to'its igﬁpge?ectivity to protect insulating layer 126

while rensoving theepdrtion of interfade fayen 122 cThe patteating 6P intarfdceniayer 522 van bercompleted
before thg deposition of smooth conductive layer 124 and resistive layer 125.

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
deposition process. In one embodiment, conductive layer 124 is
a resistive layer including tantalum silicide (TaxSiy) or other
metal silicides, TaN, nickel chromium (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 124 has opposing first and second

smooth surfaces for later formation of a MIM capacitor.
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In FIG. 3e, after removing carrier 120, an electrically conductive layer 134 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 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 micrométef< i) rhe indVifual portibhsiit cbREUGT 3T ERP Edlt B8 AdGHically
common o elactrically isglatedidepeansling;opittg conmsctivity of theringdividuah semiconshictarddie.
Conductive layer 134a-134b is electrically connected to the second smooth surface of conductive layer
124, oppb&iRs s first shfodtt Surface, 18 $6rnt abottont 2iettrodE of the MINFEEpachd: ‘Cortiiittive layer
134c-134ckis electdeallyraonnected toinesistive dayet 1251 Conduetisnlayer 134d-434f is electrically
connected to conductive %a er 130d. Cond c{; @Ia)%er 34i is electrically connected tgll?conducéive layer
130e. ESRTEIG S, %W’s?ﬁ&in% W@ﬁc E{) uitiBni&yer {38 RYGIMES over Ednduictive 14yer 134 and
interface tayer 422wsing gpin daatingaRVDy CMR pprintigy Sinteritigs compress padding clanination, or
other enca sglation rocess. The insulating layer 136 can be one or more layers of 5i02, Si3N4, SiON,
Ta205, A?Z%%,%%ﬁm% (%rrr?ﬁc?usnsd', LOP, low temperature (<250C) cured photosensitive polymer
dielectric, or other matérnaliveving suitable msuiatingpropertiesy he insulatingflayee 36 has high

resistivity, Iowgi.s& ation fa tor, oo]g thermgl conducti it)(} such as e 0X with Rroper filler. A portion of
insulatingt a?/er ﬁgplcs rsemngg\%ed tsglé:xp%cs% c%nd%%ﬁ\%l%\t;ler 1345 and :FL}34 . Anadditional layer for wire
bonding aytherformedwieh irddiatingayemrt38it ing, Amoptionad elextricallyconductive layer 138 is

formed oyer,conducfive layer 134a and, 1341 ysina patepning with PYD. CYD. sputtering, electrolytic

plating, electroless plating process, or other suitable metal deposition process to form individual portions
or sectios 1883 HAd 138b2 CohdOttivetlayérid8 can bewniedsr mbre fayers AN CUISONIJAU, Ag, or

other suitghle glectrically gopductivegnaterial Gonducive layerd 38 i aicanductive, pllargr stub bump.

In another embodiment, conductive pillars 138 are formed prior to insulating layer 136 by plating or
stacking BER{ps: ThehsutaRRIayer 836 i’ theh forHes aratiiesriuetive pilars 138 SAn additional layer

for solder-umping oy, wise hendingmay, be farmed over insylating Jayer 136, nqyct i W FiG3¢ an
electrically conductive bump material is deposited over conductive layer 138 using an evaporation,

electrolytic’flafing elacirdiasd pratihgYBall drd, Of Bcfenatintipg o cddst Trhetsuniphtatéfidkcan be Al,

Sn, Ni, AUnAgRbBE, GHmeolder, apd Lombinationstheraaf; with anertionakflux salutigarFor example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded t8 tohtlictieiayeriss tising a suitable attachment or bonding process. In one embodiment, the

bump material is reflowed by beating thenmaterial aboug its Mmelting point 1o formusphericag baks or bumps
139. In some applications, bumps 139 are reflowed a second time to Improve electrica!jcontact to

conductive ay/ef 158 SFh& BUMpS chhcalsé BE cohfpression bohagg 1aver 125, an

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,
polyimide, BCB, PBO, epoxy/ethyl lactate base, or other material
having suitable insulating properties. A portion of passivation
layer 128 is removed to expose insulating layer 126 and portions
of interface layer 122.

An electrically conductive layer 130 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
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to conductive layer 138. Bumps 139 represent one type of interconnect structure that can be formed over
conductive layer 138. The interconnect structure can also use bond wires, conductive paste, stud bump,
micro bump, or other electrical interconnect. In FIG. 3g, either insulating layer 132 or 136 is the main
mechanical supporting structure, which can be formed with compress molding process. Carrier
133 and adhesive layer 135 are removed by nondestructive heat, light, chemical etching, mechanical

peel-off, EMP FREEnAFEA ity Hhrermial aRE RS er Scdritify, St Wet StHaping o T t1OnSTRE structures

described sx-EHen3g constitute@plurality afipassive cicuit-elestents ar iRDsa ane embediment,
conductive layer 130b, insulating layer 126, conductive layer 124, and conductive layer 134b is a MIM

capacitor- RESTTivE Tayer 178148 aresidtor eléMrent #r thepadsiercifttit™ Hhe Sndividtar sectivng of
conductivelayert34e-134b candie wouRd oy eeided nyplaahdew e peadlice=orexkibit the«desired
properties of an_inductor. The IPD structure, provides electrical characterjstics, needed for high
frequencg Bpplidations. Yuch&s résonatdis, Ay ﬁ&s%ufﬁr‘[erg%\%}ﬁj&% fitterS BERUHasE filters, symmetric
Hi-Q resanant transformens baatehingmetworks; andriiningceapaciarts: The IPDsicanibe ased as
front-end &Nirelg%s RF com@%nents Whicjg can be g(%sitci?%nedl Qgtwef%%ltgf antenna aggl érﬁemsceiver. The

inductor ¢an be alﬁlng %rélun,?ra%% or}ﬁwcer,lgrlctc}ﬂ, opera |%g up o) |gaﬁ1eenr1tlz(.:?nnsomeod:pplications,

multiple kalens afeofodmediover hesarme sabsirate, allewingmmelticbandoogeratiort.HeorMexXample, two or

more baluns are used in g g g-band fo mobilejphong or other gllobal SYy$ for mobile (GSM)
communica |3r1csl,%e%réh bzﬁrf 8ge§féape%rf%%3nfr8qu§r?cy8ﬁ§r11:dl of opéaréﬁgn o?g?el&uéﬂd- and device. A
typical RE asystene requirestmultipleriPDslamd etirer high fregeencyneirctits dgm sne or aidrersemiconductor
package%gq:g%q%rn}g;lgpg%%q?.g,g(y electrical functions. Conductive layer 130c can be a ground plane for

the IPD structure.
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, liquid crystal film,
Si02, Si3N4, SiON, Ta205, Al1203, 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
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. A portion of interface layer 122 is removed by a
patterning and etching process to expose conductive layer 124,
resistive layer 125, and conductive layer 130d-130e. Conductive

layer 124 acts as the etch stop layer due to its high
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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 136¢; conductive layer 1361 is
electrically connected to conductive layer 138b. The MIM capacitor has a given Q factor, which is

a measurCarétfidiBnty ab thé FaticGcapaiitive réAGtaned $5 résistalibed af a g fr8Gueritsy. The MIM
capacitorgnustikave-z high:Q-fagtes far-gptimal RF. perfaemanee. dheiingulating tayer A26dformed over the
first smoqth surface of conductive layer 124 reduces the ESR of the MIM capacitor and hotspot problems

caused byPAticles and Hill-l5eks BBtvEST the GitRictid-afd S6RATVEI8y&ts. EBRAG Ve layer 124 also

reduces highdock issues beeausecaf selidanrealingi By degreasing ESR, the Q factor of the MIM
capacitor is Increased. In addition, the th%'ck bottom-side conductive layer formed over the second smooth
conductive layer 124 miRini2&s pgﬁi’cle% fd hillioeks betwesh the co aBCti\fenlayer and resistive layer,
which IncteasestheaE3IP protection level andaedaces the ESRnandl locreases«) faataotor fHelMIM

capacitor. FIG..5 lllustrates lternate process of formin ngD tructure ysing a smooth
condUCtVE a7 T EOREMSE Londibe Tayer St (3 FIGS BaC38 o rar Serficil
bottom-sieleesubstratesor pdraier sgntainscsikcon, pobamerf polymemcompasite, metalp tékamic, glass,
glass epax , pe lIIium 0, idf,t e, or other suitable low-co righid material.or liulk semiconductor
material ﬁ)lr}/s]ft;ﬁ%tluera[mseu%%ort?a{ C%rsltle?fé((jzg Igfegrcl%szsista%psﬁg over t levbl&%loam-s%)erg;lr?i%ﬁ The interface
layer 152seartbetempdrary boading fillmrotuatth-stop kayer tol protect atee-fornsedolayarsrwhen removing

of the tenﬂgg/rgpé battorm:side. carrier, The temparary, honging film cangbe heat o light releasalile material.
The etch-stop layer can be Si02, Si3N4, SiON;, organi¢ film, polymer, or metal film with wet etching
selectivitg TR interfdceylagen I52 isl depasited isidg lamfinatiore. PYD oG VDS printicgspie edating, spray

coating, sintering; gnthermaloxidation . o« smopth conduyctive layer 154s formed gyer interface

layer 152 by patterning with PVD, CVD, or other suitable deposition process. In one embodiment,

conductiveiayer 138% & PESIEHAIRY e PREENP TaXSIy I bikérimetal sliRfddss 4 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.

In FIG. 3f, an insulating or encapsulation layer 136
is formed over conductive layer 134 and interface layer 122
using spin coating, PVD, CVD, printing, sintering, compress
molding, lamination, or other encapsulation process. The
insulating layer 136 can be one or more layers of Si0O2, Si3N4,
Si0ON, Ta205, Al203, molding compound, LCP, low temperature
(<250C) cured photosensitive polymer dielectric, or other

material having suitable insulating properties. The insulating
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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 deposition process. Resistive layer 155 is Ta2Si or other metal silicides, TaN,

NiCr, Ti, TAV.SHW 6P d8fed PRy sificon Favirig Besisfivity Betiveehs 8Rd 186 'dhim/sg €8nductive layer

154 and resistive layeinkha-gan/be Jormed-dubnrg He-sgme depositiopandmattesping process. An
insulating or dielectric layer 156 is formed over the first smooth surface of conductive layer 154 using

patterning With PV DC EVD Pty Sintehingt of tHermrial BRIBRUGH. THie HELREMgIRYETE6 ¥4 be one or
more layers,ef:Si3Rl4aSKX2q SIQN; Ta28b, AlZ83+ pelyimideaBOB, RBOMovnstepetatue (s2500) cured
photosensitive polymer resist, or other suitahle dielectgi material. Conductive layer 154 and insulating
layer 15 gan? 8% IB%raeﬁw‘é%rwﬁﬁlﬁ%je 8&mamask §hd %)y He same or consecutive deposition processes in
a high vacuum environmenipt i ona 1Aa instiatingaarn gassivationtdayer 158/isrfotraeéd over conductive

layer 154, resistive layer 155, n(%insulain la 6 using spin.coating, PVD, CVD,.printing, sintering,
ot thermd SR, Y he BALSA0 Taybh 158 o o B8 o1 Fiche 18 oY S6% SN, SIGK, Taz08
Al203, palyimideVBOBs PBO, cepoxyietieyll dadtatellyasis; op bitterrmatesidbbaving saitalplédnsulating

properties. A portion of passivation layer, 158 is r ved to expose insulating_layer 156 and portions of
interface]%yoeér)el%%f SePRY %relg&ﬁ}égllél gorllﬁ u%%?e (?ae)?erSl]G{CD)ll(sj formed 8\/§esr i%guljg%ﬁén layers 126 and
128 and thedexposed partiarisiofinterfacedayercl2? usifg patterningwith R¢DJICYVDi, sputtering,
electrolyticplating, glectroless plating procs or gthey suitahle metal deposition RIOCESS to form
individual portions or sections 160a-160g. Conductive layer 160 can be one or'more’layers of Al, Cu, Sn,
Ni, Au, Agtbesther stitable etdetidallycohbvctive matérialsvittetypically adnesivd andibegrier layer like

Ti, TiW, or.Cr. TheJadiyvidual partignsof gondugtive layer 160, gan, be electrically common or electrically

isolated depending on the connectivity of the individual semiconductor die. Conductive layer 160b is the

top electrode of the MINcaiaR 6 E ArTtheIIoHEBHRs of EORTLIEHVE Sayer 1608 albridge ©

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
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive layer 138 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 139. In some applications, bumps 139
are reflowed a second time to improve electrical contact to

conductive layer 138. The bumps can also be compression bonded
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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 (<2500) cured photosensitive polymer resist, molding compound,
solder mask, liquid crystal polymer film, Si02, Si3N4, SiON, Ta205, Al203, polyimide, BOB, PBO,
epoxy/etfiy! [&X2EWasEY Dr bt matéfial haVifg Suitdole IRSHAHT propettids! Fhedhsulating layer 162

has a low k aaddgssdangent- uct ureAbHAsSUlatRg BEpassivationdayer Lo isfermed oveynsulating
layer 162 using spin coating, PVD, CVD, printing, spin coating, sintering, lamination, or molding process.

The passivition 1478 184 E4rT BB R or ThorIRYESRs (FRBwAEHDeratared 85067 thifed photosensitive
polymer resisiumpldirg campeund;seldesmask dicttic crysiab polymertiilany: Si02 Si3N42$I0N, Ta205,
Al203, po,I)éimide, BOB, PBO, epoxy/ethy| lactate base, or other material havin%)ggitable i;sulating
properties THE KNG layér 16: ﬁasé%w?g fosst5Ngéit- RDorfidis bf inddlating tayerd 162 and
164 is remioved byrdespdieactive ibnsetobhing{ DIRJE} or lasen dellingpratessato form wiaspadiich expose
conductive, I%){er 160a and 1609dThe insulating layer 162 and 164 can be formed as a single layer.

Prior to rgr%ovin(éotﬁg]B%%tsommgidelc%?rigﬁ%%ee esc'trically conductive material is deposited in the vias of
insulating layers 162 afid A64<hy PVYD, &VD ssputtering, élegtrolylic plating, elsctrotessipfatingnprocess, or

other suitable metal id\%"’@i“é’ﬂ ,prQEeﬁsc N h%%on'i‘%’gﬁ"%ﬁ‘c grial can b one 85?‘”% layers pf Al, Cu, Sn,

Ni, Au, Ag, or ot%er sulta Fe e eCtI’ICg y conductive material. JTIF]% conductive materia ?orms conductive

pillars 166MP, 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
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
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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 removéd B A pLtterRmgcarifetehfgidrotssSto eXpfosei@tidedtive et 154, resistive&yer 155, and
conductivgrlayes 16@. Genductive layerdigd acts msdhe etch-stepdayarqguertodts.bighselectivity to protect
insulating layer 156 while removing the portion of interface layer 152. After removing the
bottom-sfde ¢S ahel8Ticaly BEHIUCTHTE Tadr 16858 Torsd 6% thE HIRD-SiR dfitfie device using
PVD, CVEx sputtaring,cleciralyticaplating,celectraless plating preocess] meital foi damiatiopeorother
suitable metal d poiition process to form individual LJoortions or sections 168a-168i. Conductive layer 168

can be ofé 9t ftiorg é'%ers %?}?i,tlk?\?v, %E‘DAF%&Ianﬁ Au, Ag, or other suitable electrically conductive
material. In one embodiment, £osiduetiveslayeh 268 has arthickness gagatenthan pm. The individual

portions of canductive Jayer 168 can b ctrically c on, or elegtrically jsolat epending on the
connecti\fiﬂ}po The L?r\lé |\Jﬁgﬁgl soeﬁmiggﬁdilcgtlgf’ dfg? on%?é?ivg I%yer §§3—i%§8rls gge@trically connected to
the secone:smostinsurfadesofMiohductive iayer 154¢oppasite itsifirst spootestirface; $0 fariva bottom

electrodelof the MIM capacitor. Conq %ive Ia¥er 168c- 168d.is electricall conn%ezp tor &i}stive layer
155. Cond%%telvre’\ﬂa%\/%r’ 1é§iotg%?§c€ricgly cor e?:tseedn?(c)scocrl((jjIllfcjzlﬁl\/czC Ila\flgr%g%ﬁrs 3 AN %sulating or
encapsulationtiayer 17 0lis formed36vericondletive layerl 168 andrinterfade tayerdrib2ugsing spin coating,

PVD, CVD, pripting,sintering ;lamingtion, or molding process Jhe passivagiop layer 170,can,be one or
more layers of Si02, Si3N4, SION, Ta205, Al203, liquid crystal polymer film, polyimide, BCB, PBO,
epoxy/etieyt tgttatelyssel aysiding donipoimtl Lowitemperstire {<2500) Turdd photosensitive polymer

dielectric.gr, gther material haying-suitable insulatinggyroperties. The passivation layer 170 has high
resistivity, low dissipation factor, good thermal conductivity, such as epoxy with proper filler.
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
thick bottom-side conductive layer formed over the second smooth
conductive layer 124 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. 5 illustrates an alternate process of forming an
IPD structure using a smooth conductive layer and bottom-side

conductive layer. Similar to FIGs. 3a-3b, a temporary or
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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>fiateriat caf bealitbetic ShFb, High: et Soldér, of Tdakfreé SBidRt.The’ bumpHaterial is

bonded tp copgldetiveRiligtacko6-usipe aisuitable-atiachmentoi hondingprocess dpHnepembodiment, the
bump material is reflowed by heating the material above its melting point to form spherical balls or bumps

172. In sGMEYApplicBticHs: Bumps™ P72 afd refioed £ 8edsHy ime 8 improve éikétidal contact to

conductivespiansal66 T hedhumps tan @alshibe compiession borded ta eondictive pilaspd66. Bumps 172
represent one tyﬁpe of Inter%onnect fgéjcture that car:#)e formed over conductive pillars 166. The
Interconndet SHIEHIFE En afsh dse bénd Wird8Pearductive pasts, st bGMpS micro Biinig, Br other
electricalinterdconnectace 1layEle sthuctuees describeddn £1G. beoastitytera plurality«f gassive circuit
elements or IPDﬁélréon% emqro%megt,fggdggggrﬁggr %Oté, insulﬁtér}lg |raé/e(r) 15?1, c%nfdu ti\ée layer 154,
and conducive ay>ér 1686 i aMIRT capacfor. esistive ay%r 1555 & Tesistor efement intt € passive
circuit. Theingividual Sectidesotcorductive 1ayer 168e<l 68hnpan be wovmadamepiled im pltanzview to

produce gr.exhii the desia propedies gfan Inductor, -, The MIN anacitor has agiyen Q factor,
which is a measure of effic ency as the ratio of capacitive reactance to resistance at'a given frequency.

The MIM@p&@@@r,masﬁhleﬂve a high Qd‘ae@mi@_r dptitmal RP perfermance . iHerihsdlating tayer 156
formed oyer thefirgt smmoathy surface of condugtive layer 154 reduces the £SR of the MIM,capacitor and

hotspot problems caused by particles and hill-locks between the dielectric and conductive layers.
Conductive layer 13014d1sd isduces \High 10CR/issuestiecatise of Selfamiedling. Bypdesreasing ESR, the Q

factor of the_ MM ﬁ{apggi&r& {ncreaged.p adglifion, the;thick bottom-side conductive layer formed over

the second smooth conductive layer 154 minimizes particles and hill-locks between the conductive layer
and resistive layer, whithifiereakes el ESDL FotectightlevelandsretREBS theESR and fickéases Q

factor for the MIM 63PaGHOE t t e rn iFIG- 1 HUStEAtES anpiherfrocessof forminganIPD structure using
a smooth conductive layer and bottom-side conductive layer. A temporary or sacrificial bottom-side

substrate GG iEr Eon RSO, polyntatep6Rftiment, 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.

A resistive layer 155 is patterned and deposited over
interface layer 152 using PVD, CVD, or other suitable deposition
process. Resistive layer 155 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 154 and
resistive layer 155 can be formed during the same deposition and
patterning process.

An insulating or dielectric layer 156 is formed over
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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-180i. Conductive layer 180 can be one or more layers of Ti, TiW, Cr,
Al, Cu, ShPRi, A Hg, Frofiét stitabr&lettricafy Yive MRdtetal: 11f oH& Erbodiment, conductive
layer 18Q-as a thicknessigneatershan3rpmpthe indivdual partiensef conduetive dayer 180 can be
electrically common or electrically isolated depending on the connectivity of the individual semiconductor
die. OX AR Inseihting O passR/atioh 1aer 18555 fdrifled dVerthe Bttont-sitie Garfié &5 conductive
layer 180oi£sing Spin, caating, PYINIGVD aprirtings smbering daminatios, osow)dirgpyocess. The
passivation rI(g%/er 182 can be %ne or morefﬁr}é rs of low temperature (<250C) cured photosensitive

i P

polymer reSi&t Shaldiig cdmpound, Stdé R Hieftid &ry'stal poRmerim, 52t SiangSiON, Ta205,
Al203, palyinide, BCBaBBO, &pokxytethyl dactatechase] or othetdnatetiakhadving suitalle amsulating

properties. The insulating layer has a low k and Loss tangept. A portion of insulating layer 182 is
Formovedt 1 R & Ber Gaind oo B Tok A WE A Lot Ranaete yr Toth Sd 1601
Prior to rémevingnthe diotton:sidlewarrer, aaelectrically conduetige maiterial is depositedimthe vias of
ins_ulatin%lrgé/errégrzngp{tF{VD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable metal

An insulating or passivation layer 158 is formed over

conductive layer 154, resistive layer 155, and insulating layer
156 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 158 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 158 1is
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
sections 160a-160g. Conductive layer 160 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 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
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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 fornfiRg of iHsuldtitgayer 168, USY &t @U&poration "SIBEFONE platingS elettrBieds plating, ball
drop, or sereem printirghpracesssThe 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 soldef oriBAd$ree sold&M ThE Bt S ndtérial i¥ Bbhadd 16 €6hdddive pillars 184 using
a suitable attaclimenter hending pracess akiene embediments thechump matesial isgeflowed dy heating
the material above its, melting point to form spherical balls or bumps 1?{6. In some applications, bumps
186 are reflowed 2oSecdAd e to inprovB etétridl ‘contatt 16 %§ﬁdu B IErs 184, The bumps can
also be canipfessiopbonded to cahdugtive pillars 184. Bapps 188 represent anedtype ofinterconnect

structure fhat can %%fcir(rjned over congu%tive Qi%r&%&. The interconnect structure caT also use bond

wires, conductive paste, é%ué %Hﬁ%epr,ami%roebdmp, or th%?%?e%tﬁca? w?tcsa?c%snlniéét‘.] ¢ POLY%He bottom-side

carrier isremovéed bychemigaletchingnmhechanidalrpeel-off, CMBumecharisakgrindimgthermal bake,

E;féri‘:sg%vﬁl‘trg F‘j\é/‘t{)"@& stripping, A cangyictivg Jayer 1885 formed over;condugtiye layies 180h by
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, ligquid crystal polymer film, Si0O2, 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
vias, which expose conductive layer 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
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CVD, or other suitable deposition process. In one embodiment, conductive layer 188 is a resistive layer
including TaxSiy or other metal suicides, TaN, NiCr, Ti, TiN, TiW or doped poly-silicon having a resistivity
between 5 and 100 ohm/sq. 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 mefH SiiiRiteS, FaARCNIGE T NG TR dope d5d1F-Siddn hality & PESistivity Between 5 and 100

ohm/sq. qendudtive layemk3& and resistive layen 19Q cas 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, PHHtRG siftermy BF ternia BRidakion STRe instfting38y& 92 can be one or
more layersrafzi3N4i 5i02; SIONs 122050141203y pelyimide, BB, RBOgr ethet suitakle dielectric
material. Conductive Jayer 188 and insulating layer 192 can he patterned with the same mask and by the
same or E5settiive %‘gﬁgﬁtion ﬁ?gcejsgggqgi B%@h aciiim ]e%%irgﬁ%eﬂg% are Y thsulating or
passivatian tayef 1944ds fiormethavertconductive layer 1806,.resistive layer 188 and insulating layer 182

using spin coating, Pvg Cé/ ,.printing sinteringfor %erg]lal gxigatrion. The aIsnsoi\L/l%tjCon Iaggg%% can be
one or more layers of |I62 8 |O’Y\F,Hi%%6 ;K12 %?po%nmldaé, JESJCeBr, 0, epoxy%jthyl lactate base,
or other materiah having suitablelifdulating peoperlies e portionddfqassvalien dayef 494 is removed to

expose insulafing layer 19z, 1g3istive jayer 190, and conductive, 1ayer 180. . noved 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
electrically conductive material. In one embodiment, 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-
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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’2yer- £96 t5h eldladttitafPeaRfidifortéle&tricaly isfatéd ¥8perding on the connectivity of

the individdalsamicosductordie; Conduetivel layer196g is,thedattom tep electiede o this,MIM capacitor.
Conductive layer 196c and 196d are electrodes for resistor 190. Other portions of conductive layer 196 is
a bridge ot A& indU&tor, ground plane, or interconnections to other circuit components. An

insulating or passivatiannayers19&isifegmed averegraduciivedayearak@é-and msulatingdayer 194 using spin
coating, PVD, CVD, printing, sintering, lamination, or molding process. T%e passivation layer 198 can be
one or BTy BT VDS & N SHOK: Ta308, ABDSZIAUE chREsoAer it hitite, BCB. PBO,
epoxy/ethyd dactate, base) por otier matenial haying suitaklerinsulating peopesties. dherpassivation layer 198
has high re3|st|V|t¥,. |0%§ISSI ation fac;ctor rgoi)d ther ailocongrlf%\étyé such asn?go(%(yi/vnh proper filler.

The structures described in FIG.56 ggné"tﬁute a ﬁﬁjrrall y of (f)asswe circuit 8lements or ?ﬁfﬁg.slnogne

embodimen® onslugtive layed80M cunduchive (ayer 188ninsulating tayerd®lymand conductive layer

196e is a MIM cap citor. sistive layer 190 i ahrefis or element in the pani e circuit, The individual
Sections Bl CSAILLE 15yer 1801808 Can bectioand of Salod Frslaruin 5 Brochicaior Sxhbit the
desired ptopertiesiof aatinductdrs250C)  Jivecd | MIcapacitorshasia givienlQfactor whiele fsra measure of

efficiency,as fhe, [afio of capagiive (eagance, 1q tgsistange. gy a given f%%%fé‘&’ 1 1e MIM, capacitor must

have a high Q factor for optimal RF performance. The insulating layer 192 formed over the first smooth
surface df esaducthiedayerl8s rediitebaklke ESR of thelMiM capscitdraahdiisispoeproblems caused by

particles and hill-locks between the dielectric and cenductivelayers Conducfive Jayer 188 also reduces

high lock issues because of self-annealing. By decreasing ESR, the Q factor of the MIM capacitor is
increased. h-&idition, the thick bottom-side conductive layer formed over the second smooth conductive

layer 188 minimizes payticles andll-locks hetween the-cendugtive Jayes angresistive layer, which
increases the ESD protectiog level and reduces the ESR and increases (% factor for the MIM capacitor.
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
can be eutectic Sn/Pb, high-lead solder, or lead-free solder.
The bump material is bonded to conductive pillars 166 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 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
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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
semiconductor device, comprising: an interface layer;

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
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
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a smooth conductive layer disposed over the interface Layer; a first insulating layer disposed over a
first surface of the smooth conductive layer; a first conductive layer disposed over the first insulating
layer and the interface layer, the first conductive layer contacting the first insulating layer; a second
insulating layer disposed over the second insulating layer and the first conductive layer; and a second
conductive layer disposed below the first conductive layer and contacting a second surface of the smooth

conductie’BYEF the selEid surf&Se 8fthe siidéthondhiefive RERFBppOSite thb st Sirfate of the
smooth ceagductiverlayen - Theisemicendusiordevice of glaim s fwthes cosprising:

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
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 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
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a third insulating layer disposed over the first insulating layer and the first surface of the smooth
conductive layer, the third insulating layer exposing the first insulating layer and the interface layer; and
a fourth insulating layer disposed below the second conductive layer and the interface layer. 3. The
semiconductor device of claim 2, further comprising a third conductive layer disposed below the second

conductive layer and contacting the second conductive layer. 4. The semiconductor device of claim 1,

wherein theRetbhd ConBaeRRyer, ShfodtheBHEKR EFECTirst InSARiMFLAYET, 8hd firdtTonductive
layer constitute @ raetakinsutatornsetal (MIMpegpacifor.os. the semiconeistor devicerefickaim 4, wherein
the smooth conductive layer reduces particles and hill-locks between the first insulating layer and smooth

conductive’RyBFivhich Mitreases breakdowr it drE elbetrostatic distharge préstEctioh for the MIM

capacitorpillars 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
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,
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6. The semiconductor device of claim 4, wherein the smooth conductive layer and the second conductive
layer form a bottom electrode of the MIM capacitor and increase a Q factor of the MIM capacitor. 7. The
semiconductor device of claim 1, wherein a portion of the second conductive layer includes an inductor.
8. A semiconductor device, comprising: a smooth conductive layer; a first insulating layer disposed

over a first surface of the smooth conductive layer; a first conductive layer disposed over the first
insMaﬂn&Wﬁ&ePr other suitable deposition process. In onhe 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, Si0O2, 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
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.
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a second insulating layer disposed over the first insulating layer and the first conductive layer; and a
second conductive layer disposed below a second surface of the smooth conductive layer that is opposite
the first surface of the smooth conductive layer. 9. The semiconductor device of claim 8, further
comprising a third insulating layer disposed below the second conductive Layer. 10. The semiconductor
device of claim 8, wherein the second conductive layer, the smooth conductive layer, the first insulating

layer, and the first con@ctivEaayericonstitute A BtaH-nsuldor-ffetdPMIM) dEpEERor. °VEThe

semicondugior devier;of elaim 401 wherein the smesth ggrductive layeideddersparticiesiangkhill-locks
between the first insulating layer and the smooth conductive layer which increases breakdown voltage

and electtddatic disehBrRje Frotedtidntor the Mivt capReitgPuttering, 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
198 has high resistivity, low dissipation factor, good thermal
conductivity, such as epoxy with proper filler.

The structures described in FIG. 6 constitute a
plurality of passive circuit elements or IPDs. In one
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
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12. The semiconductor device of claim 10, wherein the smooth conductive layer and the second
conductive layer form a bottom electrode of the MIM capacitor and increase a Q factor of the MIM
capacitor. 13. A semiconductor device, comprising: a first conductive layer; a first insulating layer
disposed over a first surface of the first conductive layer; a second insulating layer disposed over the

first surface of the first conductive layer; a second conductive layer disposed over the first insulating
|ayeran&80b—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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a third conductive layer disposed below a second surface of the first conductive layer that is opposite the
first surface of the first conductive layer. 14. The semiconductor device of claim 13, further comprising:
a third insulating layer disposed over the second insulating layer and the second conductive layer; and
a fourth insulating layer disposed below the third conductive layer 15. The semiconductor device of claim

13, wherein the second insulating layer exposes the first insulating layer.
Claims

What is claimed:

1. A semiconductor device, comprising:

an interface layer;

a smooth conductive layer disposed over the interface
layer;

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

a first conductive layer disposed over the first insulating
layer and the interface layer, the first conductive layer
contacting the first insulating layer;

a second insulating layer disposed over the second
insulating layer and the first conductive layer; and

a second conductive layer disposed below the first
conductive layer and contacting a second surface of the smooth
conductive layer, the second surface of the smooth conductive

layer opposite the first surface of the smooth conductive layer.

2. The semiconductor device of claim 1, further comprising:

a third insulating layer disposed over the first insulating
layer and the first surface of the smooth conductive layer, the
third insulating layer exposing the first insulating layer and
the interface layer; and

a fourth insulating layer disposed below the second

conductive layer and the interface layer.
3. The semiconductor device of claim 2, further comprising a
third conductive layer disposed below the second conductive

layer and contacting the second conductive layer.
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16. The semiconductor device of claim 13, further comprising a fourth conductive layer disposed below
the third conductive layer and contacting the third conductive layer. 17. The semiconductor device of
claim 13, wherein the third conductive layer, the first conductive layer, the first insulating layer, and the
second conductive layer constitute a metal-insulator-metal (MIM) capacitor. 18. The semiconductor
device of claim 17, 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 theMIM sapacitaliu d9o Fhe semieonductar-deviae ofy¢laire 14, whereia thg first conductive
layer and the third conductive layer form a bottom electrode of the MIM capacitor and increase a Q factor
(ﬁthehMﬁﬂ&ﬂﬂﬁﬁbye layer,” smooth conductive layer, first insulating

layer, and first conductive layer constitute a metal-insulator-

metal (MIM) capacitor.

5. The semiconductor device of claim 4, 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.

6. The semiconductor device of claim 4, wherein the smooth
conductive layer and the second conductive layer form a bottom
electrode of the MIM capacitor and increase a Q factor of the

MIM capacitor.

7. The semiconductor device of claim 1, wherein a portion of

the second conductive layer includes an inductor.

8. A semiconductor device, comprising:

a smooth conductive layer;

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

a first conductive layer disposed over the first insulating
layer;

a second insulating layer disposed over the first
insulating layer and the first conductive layer; and

a second conductive layer disposed below a second surface
of the smooth conductive layer that is opposite the first

surface of the smooth conductive layer.
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20. The semiconductor device of claim 14, wherein the third or the fourth insulating layer provides
structural support. 21. A semiconductor device, comprising: a smooth conductive layer; a first
insulating layer disposed over a first surface of the smooth conductive layer; a first conductive layer
disposed over the first insulating Layer; a second insulating layer disposed over the first conductive
layer; and

9. The semiconductor device of claim 8, further comprising a

third insulating layer disposed below the second conductive

layer.

10. The semiconductor device of claim 8, wherein the second
conductive layer, the smooth conductive layer, the first
insulating layer, and the first conductive layer constitute a

metal-insulator-metal (MIM) capacitor.

11. The semiconductor device of claim 10, wherein the smooth
conductive layer reduces particles and hill-locks between the
first insulating layer and the smooth conductive layer which
increases breakdown voltage and electrostatic discharge

protection for the MIM capacitor.

12. The semiconductor device of claim 10, wherein the smooth
conductive layer and the second conductive layer form a bottom
electrode of the MIM capacitor and increase a Q factor of the

MIM capacitor.

13. A semiconductor device, comprising:

a first conductive layer;

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

a second insulating layer disposed over the first surface
of the first conductive layer;

a second conductive layer disposed over the first

insulating layer; and
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a second conductive layer disposed below a second surface of the smooth conductive layer that is
opposite the first surface of the smooth conductive layer. 22. The semiconductor device of claim 21,
further comprising: a third insulating layer disposed over the first insulating layer and the first surface
of the smooth conductive layer, the third insulating layer exposing the first insulating layer; and a
fourth insulating layer disposed below the second conductive layer. 23. The semiconductor device of

claim 21, furthePcomprising A thitd cohiducivefayer diRposed Below'the sonatondtERveEIayer and

contactingrtbe seeemd eenductivedayeara 24: Thessemisopgucion deviee of elaim21s wheseia the second

conductive layer, the smooth conductive layer, the first
the first conductive layer.

14. The semiconductor device of claim 13, further comprising:
a third insulating layer disposed over the second
insulating layer and the second conductive layer; and
a fourth insulating layer disposed below the third

conductive layer

15. The semiconductor device of claim 13, wherein the second

insulating layer exposes the first insulating layer.

16. The semiconductor device of claim 13, further comprising a
fourth conductive layer disposed below the third conductive

layer and contacting the third conductive layer.

17. The semiconductor device of claim 13, wherein the third
conductive layer, the first conductive layer, the first
insulating layer, and the second conductive layer constitute a

metal-insulator-metal (MIM) capacitor.

18. The semiconductor device of claim 17, 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.

19. The semiconductor device of claim 17, wherein the first

conductive layer and the third conductive layer form a bottom
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insulating layer, and the first conductive layer constitute a metal-insulator-metal (MIM) capacitor. 25. The
semiconductor device of claim 24, wherein the smooth conductive layer reduces particles and hill-locks
between the first insulating layer and the smooth conductive layer which increases breakdown voltage
and electrostatic discharge protection for the MIM capacitor. 26. The semiconductor device of claim 24,
wherein the smooth conductive layer and the second conductive layer form a bottom electrode of the MIM

capacitorrarifinersise’d J-artdf Of té RARLEaPacitor: 27 CFiré §émicdhdbitor Yevick dftFaim 21, further

comprising & resigtive: kayer, disposed between the third insulating layer and the fourth insulating layer.

20. The semiconductor device of claim 14, wherein the third or

the fourth insulating layer provides structural support.

21. A semiconductor device, comprising:

a smooth conductive layer;

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

a first conductive layer disposed over the first insulating
layer;

a second insulating layer disposed over the first
conductive layer; and

a second conductive layer disposed below a second surface
of the smooth conductive layer that is opposite the first

surface of the smooth conductive layer.

22. The semiconductor device of claim 21, further comprising:

a third insulating layer disposed over the first insulating
layer and the first surface of the smooth conductive layer, the
third insulating layer exposing the first insulating layer; and

a fourth insulating layer disposed below the second

conductive layer.
23. The semiconductor device of claim 21, further comprising a
third conductive layer disposed below the second conductive

layer and contacting the second conductive layer.

24. The semiconductor device of claim 21, wherein the second

conductive layer, the smooth conductive layer, the first
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insulating layer, and the first conductive layer constitute a

metal-insulator-metal (MIM) capacitor.

25. The semiconductor device of claim 24, wherein the smooth
conductive layer reduces particles and hill-locks between the
first insulating layer and the smooth conductive layer which
increases breakdown voltage and electrostatic discharge

protection for the MIM capacitor.

26. The semiconductor device of claim 24, wherein the smooth
conductive layer and the second conductive layer form a bottom
electrode of the MIM capacitor and increase a Q factor of the

MIM capacitor.
27. The semiconductor device of claim 21, further comprising a

resistive layer disposed between the third insulating layer and

the fourth insulating layer.
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