SEMICONDUCTOR DEVICE AND METHOD OF FORMING IPD

STRUCTURE USING SMOOTH CONDUCTIVE LAYER AND

BOTTOM-SIDE CONDUCTIVE LAYER Field of the Invention The present

invention relates in general to semiconductor devices and, more particularly,

to a semiconductor_ device and method of forming an IPD structure using a
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Semiconductor devices are commonly found in modern electronic products.
Semiconductor devices vary.in the number and density of electrical
components. Discrete sgﬁ%]o%dﬁ%to? FeVIESSEERSRIly contain one type of
electrical component, e.g., light emitting diode (LED), small signal transistor,
resistor, %ﬁlgacitor, inductor, anq: power mletz%l oxide semiconqucéor field
effect tranS|st8rr(TVf‘5§EEﬁ.\ﬁ%?egrgfédr Semiconductor devices tyﬁically
semicantdindumndreds ta-milliensipf retectrical componenis; Exampleseficonductor
aeviitegrated semiconductr devices Incliid migracoptiollers, microprogessers
gharge - couple dewces?@btﬁs), solar celfs, and dllgl?al micro-mirror
conddevices (DMDs). Semticonductor sleviees pedforniavwideramge ainfinetions
encaBihas high-speed calaylatons. kransmiling,and, receiving electromagnetic
ignals, contro Islng efectronic evices, transforming sunlight to electricity,
and creating visual projections for television displays. Semiconductor

devices are found in ﬂ%ﬂ@ggﬁgngqtagwge@k‘;gggmunications, power

conversion, networks, computers, and consumer products. Semiconductor
devices are also found in military applications, aviation, automotive,

indusuméemiconductor 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,



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
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conse@ainsactive edd passivec slectiiaad strueties Active sirugtures,ineluding
bipolar and._ field effect transistors, control the flow of electrical current. By

mi L1 aihg lBYEIS B Hbpiky ard applicaltion Bt e 8lethic fidld Or BaEE Thrrent,
conttheltlanisistor atherqromotesyorgestiets the flow of electrical current.
Passive structures, includin%g resistors, capacitors, and |i[A)Pductors,{ilhfireate a

relationship BEWERR Voltage ahtl Clirehth %é%sé}’g}?oe &iforhT & Variety of
propelectrical tuficiens. clhelpassive and cactive structiires areelectricatlycture of
semi EHECIEC. o form.circuis., yihich, enable e semiconductor device o, oo 1
perform |g]ff1-speedr calcufations and other useful functions. emiconctir}fctor
man igeMiegsdrecgenérally pranutadtured using riwalecomplex nfarufactoringhrough

rocesses, i.e., front-end nufacturing, and back-end manufacturing, each
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semitherfdnnation vha pluralitytof dieonthie sbifaeedf aocsemicondbetor wafer.

condEAch die is typically idenfigal and, containg.citguits formed by electrically

connecting active and passive components. Back-end manufacturing
involvesAirfgiilatirgindividudt diecfromané finisheddvafer and paeRaginge

eleJPPfﬁsio5%?M@€&%%§U"ahgﬁ¥¥gt@@@&8%%@39?”%%8%&&%%@ bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

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

passive components. Back-end manufacturing involves singulating



One goal of semiconductor manufacturing is to produce smaller

semiconductor devices. Smaller devices typically consume less power, have

higher performance, and can be produced more efficiently. In addition,

smaller semiconductor devices have a smaller footprint, which is desirable
~_for smaller end products. A smaller die size may be achieved by ,
Indijpsiadéments iht tHe froft-dnd process Yadiiting i diBatitiismafert RigHéte to
provdersityraciiveanshpasshe-eampaerisvBackapd psacesses amay result in

semiconductor device packages with a smaller footprint by improvements in

electricalMteré8Ane &on ST FROEYHTY mARRRET Anbthet Goaf of © Produce
sma 1Senicosducion maridactueng issto. prasucelkighereparfermangeically

semiconductor devices. Increases in device performance can be
COnsileo &%%e%%%%fm?ﬁb"&cﬁ“vég%%p%ﬁ@rfn% aP&fe caPibIE B opsrating At ced
mor ehighér speedsl yn high freqoendyapplicatidbne,rsucknas-radio frequeniey (Rie)s

wireless communications, integrated passive devices (IPDs) are often
P i T oot Houte EXAMEIR of B8 aus
prodresistors, Bapacitorsrantimdadtors.m ty gical &1 isystain pgquirgsrmultipents in
the IPDs in_ one.or more sgmicondfggonrgpal%kai?es to pe rform ttﬁ necesgsary
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electrical functions. The capacitor Is typica y?orme from stacked Iaygrs of

densmeI/al @m‘smra@or@addm@tali_éwl\ﬂ:@ap@mm)@ SThe Stafdtesnbetweerethees may
resullSUlBtorand metal ate fypically;not smoath, Ihe ;nanssmooth. syrigce-allows ;

particles and hill-locks to be formed between the dielectric and metal layers.
by  imke pMMeapaciton nfust dravieca highnQeacton ferdptimal RE peAoaaiced
nateHoOweyer, the particles and hill-locks between the dielectric and metal layers

increase the effective series resistance (ESR) of the MIM -3 capacitor, which

reduces@ﬂ?Eﬁﬁ%uﬁpﬁﬂa@ﬁﬂéﬁmﬁéondUCtOr manufacturing is to

produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. 1In
high frequency applications, such as radio frequency (RF)
wireless communications, integrated passive devices (IPDs) are
often contained within the semiconductor device. Examples of
IPDs include resistors, capacitors, and inductors. A typical RF
system requires multiple IPDs in one or more semiconductor
packages to perform the necessary electrical functions.

The 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



electrostatic discharge (ESD) protection level of the MIM capacitor is
degraded by the particles and hill-locks between the dielectric and metal
layers. Summary of the Invention 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 method of making a
capagdrhftondtibtor device Korprishy thetstepSof providiAg a* terfiporany e
e lecsubstiade fermingan inierfacesiayepeverdbe i temperas) swistrate, famming a
smooth conductive layer over the interface layer, forming.a first insulating
CaPaybPoverta fifet “stitfate™dt the Snivtity tondictiadafer! fornfifg & secbRGe"
the nsulbdingtayerover ihe first insutating layer and first surface of the smooth
conductive layer, removing a portion of the second insulating layer to expose
the first insulating layer and interface layer, forming a first conductive layer
over the first insulatinglapeaagd aftetfhee layeenfoimimg a third insulating
layer over the second insulating layer and first conductive layer, removing
the temporary substrate to expose the interface layer, removing a portion of
the interfacedayerds i exposectheasmidoth copdudtiverlayedanddirsttor with

. . C ctive layer, forming a,second ¢ tive layer over the first conductive
hlghla(?/;?gﬁ %rs%c%tﬁé slb%f%%e lo?\tfheepsr%]é)ot éjgor]%uocti\e/((a:%)alyoer}'oppocs(ft(tjart & first ’
in oswfarecoithesniooth tenduetivetayern amadt forming afoo instlatihglayjemg a
semi QNG SsEond gonductive, layer and inferface Jayereingnather ., o

embodiment, the present invention is a method of making a semiconductor
tempgavice c6mprisingtthe stepsahnas forming arshiesth lcanductivestiayehforming

remp® fiStinsiiaing. layer over afirst sprigeeqfthe smaoth conductiyelayfer the

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

In another embodiment, the present invention is a

method of making a semiconductor device comprising the steps of



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

Lormdgit tivBP/et overaketond shifdte of i EmbBtit chhddctivenayert1ing
1aye@ppasite the firstsuriageof dhe smooth: condyctive-layet andforming-a ,
fourth insulating layer over the second conductive layer. In another
Formdmdodint&iCthie preSentihvBftiot s mMeéthbd ot making & senioAdudtsr
layetedee compsisingthe stepsaf foranisgasinocibrepnductive leyesformingaring
first insulaiftin layer over a first s\;lrface of the smooth conductive laye

2 POy & firdt ECondGERE layr 8vérthe FirstiXStlatifg F&Y&t formiig 277 5¢
insusecondgnsulating layeroventhe first snsutatingplayerand firgtconduetivehe
£1- oS0 forming. sqcond, conductive Jayer guer & scoond suraceoffhe. ., .
smooth conductive aIgtyer’ opposﬂerfﬁe irst Stirface of the smooth conductive
the layennand formiag arthird mnstlatngdayereverdhedecond eofdyctive ayeming

2 selianptier embodigent, the, present ipvention fs &, semiconducton devige, .,
comprising a smooth co ductive ayer an Irst insulating layer formed over a

condfirst smefad_@wevhem@@tht coﬁdmtiﬁéﬁ@ersA#ﬁmmcﬂv@ lasrep is-formed
condf¥the firstinsulating '%%%f*nﬁcgngé‘&%’éﬁ“%'&X%‘&f%“?%{y%‘éerét}%r the

firstinsulating layer and first conductive layer. A" second conductive layer is
secofgimedrsiies Bisetohdseifface of the smooth conductive layer opposite the

first surface ghthersmoais3 condHetive. layer, A thirdinsylating layer is; 5
formed over the
method of making a semiconductor device comprising the steps of
forming a smooth conductive layer, forming a first insulating
layer over a first surface of the smooth conductive layer,
forming a first conductive layer over the first insulating
layer, forming a second insulating layer over the first
insulating layer and first conductive layer, forming a second
conductive layer over a second surface of the smooth conductive
layer opposite the first surface of the smooth conductive layer,
and forming a third insulating layer over the second conductive
layer.

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

smooth conductive layer opposite the first surface of the smooth



second 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 representative semiconductor packages
mounted to the PCB; FIGs. 3a-3q illustrate a method of forming a MIM
capacitor with a smooth conductive layer and bottom-side conductive layer;

condef R o s¥iematié rdpréséhtation bfthe PO Bitkture; ERES Musiratesthe

secoadotbenmethad;ef fosming. 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 layerBbetafleddiesciiptiannf 8 PrawiDgawhegyesent 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
elementg.1While thd inventien issdescpibBdvin térmsi affthedest tnpde fart
ackackgeigving th%(ienc\l/eg(tjiong obéecgiggg, it will be appreciated by those skilled in
PAC Mt that it iS inténdéd to ‘cover altématives, modifications, and equivalents
as may be Gecluded athinl thesspikttand scopecof the iaviehtioh asheefined -6
repr 2116 apnended.glaims and.elr equiyalents g syprortad by fhe fellowing
isclosure and drawings. Semiconductor devices are generally manufactured
using twoléemplex-danufastusingarecessest froft-emd franmufactueng! &nd

capacitor with a smooth conductive layer and bottom-side
conductive layer;

FIG. 4 is a schematic representation of the IPD
structure;

FIG. 5 illustrates another method of forming a MIM
capacitor with a smooth conductive layer and bottom-side
conductive layer; and

FIG. 6 illustrates another method of forming a MIM
capacitor with a smooth 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



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

LY HiGy PRfEttiichl SRt PasSive Eléctrigal tymponEfitsT Such BB Capatitd, the

follibdugtors,iresistaysrand teansformeargscreate a relationship between voltage
and current ,necessarg to perform electrical circuit functions. Passive and

active cOMPOTTEHS Are forntEaovet thé “Surfed st e Seftteotutictorwater S +09

two byasesiestd pracessisteps; ipeluding goping; deposition, photolithegrtaphyy and
b kgtchi g, and pIaQarization. Do inghi_ntro uces impurities, into the h

2k sEMitoNalor faterdiy tethhigues SucH 38461 fhplahtsdion or° thetfal <
formdiffiisiono The depingaprocess matlifie sothetalectrcalf eardudtivity of

.semgonguctor n}aterial iE ac%ive devices, transfoEmingcthe se.micondl,éctor
semlco? u? %r warer,. ach ,die on.&he wa ?r onta1ﬂ$ active and
material into an insulator, conductor, or dynamically changing the

pas ssemicohduttor nate naimpomdudtivity whiespoase te An@iectne field ardrasected

to sS4, JIRnsiRlors contain tegigns of varying typas and degrees of; daping
arranged as necessary to enable the transistor to promote or restrict the flow
compefelettsicabourrerit uponahe applicatiom of theodlestrictfiete or hasekadrehty to

cont£GHvE-#ad pagsive components are farped by layers of ymaterials. with .,

different electrical properties. The layers can be formed by a variety of
compgasasition ehhigues trteiined in -7 pait byahe typgeeofimaerial being

t randeROsieAs Forexample, thin film; depesitionmaydayolye chemical Yaper, rrent
deposition (CVD), physical vapor deposition (PVD), electrolytic plating, and
necessary to perform electrical circuit functions.

Passive and active components are formed over the
surface of the semiconductor wafer by a series of process steps
including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the
semiconductor material by techniques such as ion implantation or
thermal diffusion. The doping process modifies the electrical
conductivity of semiconductor material 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



electroless plating processes. Each layer is generally patterned to form
portions of active components, passive components, or electrical
connections between components. The layers can be patterned using
photolithography, which involves the deposition of light sensitive material,
e.g., photoresist, over the layer to be patterned. A pattern is transferred from

party Bhotdiadk iofthe pHitoresist Using iight. I The poriohr of thelpHoterekistr thin
f 1 1mpattgrasubjectechio lightys rremaveshsiig a-soent, Rpesngi Rertions of ,

the underlying layer to be patterned. The remainder of the photoresist is
PhY Sreridvett ieavity Bafiihb & PattériBd 1ayer S Altematively, Sdme §pes i
elecmatariads ara patiergped-hycdieectly depositing the enatesialénte tha areas or

voids formed_by a previous depaosition/etch process using techniques such
Pattad dfetirofess Al Ridctrortid platiny; DepostinPS tHin fin of fivaiér& over
compan eXisting opattera caniexaggetatedhe iinderlying patterrcang create @.non-

uniforml)hfqlat q_ugfa}ecreé Acurglif rrglég ttseurn;laézg is ée%uire tgt E]rtodE ce smaller

and moré deenseK/ packea acfive and passive Léorhp%n@nts. anarization can
whiche Used ioreemove mieral ftomnthefsutfagetof ske waférnandnprogute s, e.g.,

pnotiormly flat surface, Plangization involues polishing the, slace ot the
wafer with a [0]0) |sh|ng pad. An abrasive material and corrosive chemical are
t rangdded tothersurfacedfdeonwadér duringpolishiig: Tdel eombinedy light.

the PEEPRNIGalaCtion ol ine abrasive and coposlye aglion pithechemigal, ;4
removes any irregular topography, resulting in a uniformly flat surface.
remoBgek-end Marufactlving refers Ry euttitig e r-8isingulating tive fimidked wafer

1ayeifta thejndiyidual dig.and then. packagingdhe die for stryatyral,support and
environmental

removed, leaving behind a patterned layer. Alternatively, some

types of materials are patterned by directly depositing the

material into the areas or voids formed by a previous

deposition/etch process using techniques such as electroless and

electrolytic plating.

Depositing a thin film of material over an existing
pattern can exaggerate the underlying pattern and create a non-
uniformly flat surface. A uniformly flat surface is required to
produce smaller and more densely packed active and passive
components. Planarization can be used to remove material from
the surface of the wafer and produce a uniformly flat surface.
Planarization involves polishing the surface of the wafer with a
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or



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

S Ingudad ¥oiéd svértheSemicHAdictor dieark thert BOnNectEd to CoRtatt padsen

packwihindhepackage rHie eleetitcaheennegtiops cantieamagde iwith:soldes 1

, bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or
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alonsuppait-anch etectical isodation sThe finished paskage: isitben dnsertedrista-an or
.electrical system_and the functio alitg ‘ﬁf the semiconductor device is made
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semiconducto ckages maunted on its surface. Electronic device 50 may
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intesemitoadudton packages; dependingwon therapplieation. THeo differentotypes
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ectronic device may be a stand-alone system that uses the
padssemidonduttor ppekdgessto peffornedesbrmore electrieakfupgtiomsin be made

witn iematiyely, glectronic devige 5Q may, bg a.sukcompanent of a largeL o nqss .

system. For example, electronic device 50 may be a graphics card, network
An ejptarfaceledrt, oF othdrssigial brécessing cartathat cartbe fisereed intoea the

packSYBPYIEr Th sgmicanductor package can include JRiCFORIgeesSOrS o« i on
memories, application specific integrated -9 circuits (ASICs), logic circuits,
The ZAalb§eReuits RPERcdits, then inserted into an electrical system

and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 50 having a chip
carrier substrate or PCB 52 with a plurality of semiconductor
packages mounted on its surface. Electronic device 50 may have
one type of semiconductor package, or multiple types of
semiconductor packages, depending on the application. The
different types of semiconductor packages are shown in FIG. 1
for purposes of illustration.

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

microprocessors, memories, application specific integrated



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

~ PCB 52 using evaporation, electrolytic plating, electroless plating, screen

CIT CHrirdtihg O btielr sultaBemetal depositiof P sCISiGHatFaces 54 provitie S -

di s ches etectieal eopymunicationbetween- eagh of ie semiconducior packages,
mounted components, and other external system components. Traces 54

compoRGHrSvide power and ground connections to each of the semiconductor
packagesnlrrsamme emizaiments, acserisenduciendevce fiapdwoate for
packaging levels. First level packaging is a technique for mechanically and
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intermediate carrier to the PCB. In other embodiments, a.semiconduyctaor
S ke R S e s e il Rer i Eloga
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any combination of first and second level packaging styles, as well as other

-10 In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate carrier
to the PCB. In other embodiments, a semiconductor device may
only have the first level packaging where the die is
mechanically and electrically mounted directly to the PCB.

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

first and second level packaging styles, as well as other

-10-



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

e leCchR@ Bystentd BREAHSE the*s8micdonaGBF packades Rtkidesophisticafdt:

embotungtionality clectronie deviges £an beomanufagtiwred Using, gheaper ached
components and a streamlined manufacturing process. The resulting
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kpackages. FIG. 2a ill strateijfurther detail of DIP 64 mounted on PCB 52. .
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pre-gisclitsdimplemented ashactiveldevices, passive tevicesncorductigedayers,
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Becaliriing 15 18 SIBaca dedig SFHEdia For Sramble the-dircuntay
funcipthudelaneyor moeetransistorsiediodes; inductors, wapaditors u resistors, ramd
cne BT Sltglit elements formed within,the active, region of semigonductordie .y,
74 contact pads 76 ‘are one oF more ﬁayers of conduciive mate lal, such as

resudlumigu mef(m),ce@ppe:re (Cap $inJ(S]_n9é,lmclte¢ (rflia,igoldr(ﬂu;t,_et;r_%ilvap(axgs),iaﬁd to
manu®$c £lgaLrically, copnected fo the circyit lemenis formed yithing

semiconductor die 74."During assembly of DIP 64, semiconductor die 74 is
mounted tbGn inkermiatiateccarA&cT® Lsing £ goltc silidor ettedtie dapr<T -

r1G.adnesive material such asdhermal. epexy- Jheppackage bodyingludas 8Rp 52

‘insulative packaging material such as polymer or ceramic. Conductor leads
SemigoRaAdCWRE bbhes 82 providecsiEctritaRifiter¥onictd betwegitaining analog

or dsemiconductor die- 24 and RGR 52-Encapsilant 4 isdepasited o ssive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between

semiconductor die 74 and PCB 52. Encapsulant 84 is deposited

-11-



-11 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

OVeTintdiCoRAE BETWESR OhtaGt PEbR I6 @B EROIiIAG cBfhpdtRYTr -+ 19
mo 1 seReapsuant J90ds «deposited:oven semicandustor shie B8 andawise bonds 94
to provide physical support and electrical isolation for the device. Contact
cont g 252 Bre torfel ovir d'difad® B CB 52 using a suitable metal
depositignrsuctpelectrolytie piating aruelectrolesstpatingto preventoxidationed
Contact pads 102 are electrically connected to one or more conductive
on B tacet BATH P 9" B b 104 &€ TOHHBE Detiieen oAbt add o8
usinof BCCHAaNntidontact pacs<i02-efRCBhthdrs FH6. 26 tsemisonduactor diere
58 5s4mounted facE dPch 1% intirmedigte carrieE %06 with a I:Ii chci% gté/rlle first

bondIsével p%gﬁéfdi%ge. ctive reglovne 08 df semiconductor die 58 contains analog

contarcdigitaldcircaiits amglehtentetlasdictive devicesnpassivedevipes, lconduttive is
depolQYBLS; Ad dielectric layers formed, according fo the elegirical desjon of the . 4.
ie. For examplse, the circuit may include one or more transistors, diode :
phy sindadtossippapdcitors, redistors iard othep trtuit elehvents athite aciive.
cont£900,108. Serpiconductor ie,58 is.electrically and mechanically %QPS%GQ
to carrier 106 through bumps 110. BGA 60 is electrically and mechanically
sultednirected ol REB S2iWillPa BGARtyte setaed dverpadkdging using bumps

elect?2 Semicanducior dig 58,is glegtrically connggted to gonductiye, $ignals 4 re
traces 54 in PCB 52 through bumps 110, signal lines 114,
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 mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

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

and bumps 112. A molding compound or encapsulant 116 is
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and bumps 112. A molding compound or encapsulant 116 is -12 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
deposighar profsayatioh distanes lower capatitante, and mprove Wekall Rirgyitde
phy sREQrmansee Ht anaies eabogiment, he semicondustor tdie Jcanbe  The
. mechanically and electrically connected directly to PCB 52 using flip chiE
ELipgiifisteld Fﬁé]&%é@ﬁ%rw%ﬁgd‘[cﬁ‘]t@ﬁﬁé’dﬂfescaﬁriépféé. FIEC 5a 4
condillustrate apracess ohfarminganiPP skuciyes usingaesmeotivcenductivee 58
. layer and bottom-side conducgtiv%#ayer. In FIG. 3@, a temporary or safrificial
© Celisstfate OF cafrer 120Contains ificoR, poigier, Solymet ConTpcsitd, metal,
propeefamio,glass; tglassee paxyy berydlim okide, dape aaothep suitable ew-€dst,
c1rcfigid material or Bul semicondugtor matetial for structural sugport In one. . o,
em oalmer(ljt, carrier 1201n greaﬁer frian millimeters 1imm) N diameter.
die AA interfabe layerii22iis appleciodercdarrier126.1 Theaoterface dayet 122ct 1y
temporary bonding.film_or. etch-_stop.layer to protect later-forme
AR D STTHE (bear ton The reParay Honderhay
intecareBe deat ordightrelédsable material. The etch-stop layer can be silicon
dioxide ({02), silicon pitride (SiBN4). silicqn oxynitride (SION).; organie filay,
polymer, or metal film with wet etching selectivity. The interface layer 122 is
strugapasitedisivey damirration, PYIDCVD Verintings Spiicbatingt sprayicbating,

cond%ggﬁw@’9595¥mal?ﬂdﬁﬁgn'3a, a temporary or sacrificial

substrate or carrier 120 contains silicon, polymer, polymer

to %

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

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

A smooth conductive layer 124 is formed over interface

layer 122 by patterning with PVD, CVD, or other suitable
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A smooth conductive layer 124 is formed over interface layer 122 by

patterning with PVD, CVD, or other suitable -13 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 ,
dePoghis? Garidtetive layer 198 CaR™s6 bE Vitver CoMfictive thatefafr 124 1S

a re@xhibiting hilklpsk issuelduringsubseauent, psegessing Cangiictive layer d2der
has opposing first and second smooth surfaces for later formation of a MIM

metads SHeitbf A régistvi lay8r £25° s pattethed Andieposited duer interfadd ©F

dopelaypb122 snyIMDh &V or Htherssuitablel depasition processnResistive
aéer 125 is Ta2Si or ather me I{ilicides, TaN, NiCr, Ti, TiN, TiW or doped
e

I
ohm/ SGiy-silfCORTEg & résiéfivity Betweah 54 166 oRMISH. CORAIVE Tayer
matel24 and xtesistive dayear 1P25-daschke foarmed durinighthessarse geposition and

atterning process. An insulating or dielectric layer 126 is faormed over, the
oro o LR S b e oyt 108 Lt Daltiihing it POD, CE5
smoopinting; Satersnd, @r thermeal dxidatian. ckhecihsalatiny |ayeyd@6tcan. be one

or more layers. of Si3N4 SiOZrS'Blg, tantalum pentgéidgégaég?(bgl%rginum

oxide (A Zﬁ%f,lpsoﬁffl\r%eldt’al, eenzocycloéﬁte%%%g%%s, polybenzoxazoles 4rover

intefFBO}; Iéwy@mpé?a&u_ﬁes@%qmlhuré?d/phot@sengiﬁ@er p@lyh_texbﬂe%_isi,e@psition

procher suiiahle 9&%@“%%@?”% Sopdugtiveslaysy 124 and jpsulafing layer; g,
126 can be patterned with the same mask and by the same or consecutive

TaN, déjgésitiorT procésdes N high daeedmenviroamehtdn FIGY 8hJan

resi@é%&i@g oxpessivatien layer 128 is,farmaed overcenductive layerd24; 24 ang
resistive layer 125, and

resistive layer 125 can be formed during the same deposition and
patterning process.

An insulating or dielectric layer 126 is formed over
the first smooth surface of conductive layer 124 using
patterning with PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 126 can be one or more layers
of Si3N4, Si0O2, SiON, tantalum pentoxide (Taz205), aluminum oxide
(A1203), polyimide, benzocyclobutene (BCB), polybenzoxazoles
(PBO), low temperature (<250C) cured photosensitive polymer
resist, or other suitable dielectric material. Conductive layer
124 and insulating layer 126 can be patterned with the same mask
and by the same or consecutive deposition processes in a high
vacuum environment.

In FIG. 3b, an insulating or passivation layer 128 is
formed over conductive layer 124, resistive layer 125, and
insulating layer 126 using spin coating, PVD, CVD, printing,
sintering, or thermal oxidation. The passivation layer 128 can

be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203,
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insulating layer 126 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 128 can be one or more layers of
Si02, Si3N4, SiON, Ta205, A1203, -14 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

PoLlyigitidRs GiRterfacd laydtorsy, Andiéctticaly Eondifttive 1QferaEers Bhed 12t

havi@Vversinsulating layersl26iand 128 andithe exposedpertions of fAntesfacevation
layer 122 using patterning with PVD, CVD, sputtering, electrolytic plating,

P .
lavegietnbless platingidckSs, Trati&r Stiithbié médl deyssitiont protes iy r t+ons

of ifererindividushpertionsdr sections 130a-130e. Conductive layer 130 can be
one or more Iaiéers of Al, Cu, Sn, Ni, Au, Ag, or other su&;able electrically

conductiV8 nTatehiarwith typicaly Siesive and B&rrier fayet Jike FitFin O5F *
insuO@sathheyindiwdual portionsnof colglustive dayerekdtheanibe electieallyo £
. cammon. or electrically isolated ending on the connectiyity of the .
o SO el 116, Cont I Tay & 1308 (e e g el S P
e lecthedViiM icagakitor.nrAnotkérpartioh ©f sopdadtivedaperct3Gis,a bridge Her

hg |nducétg£flgr8un<jogll ne, or mterconge%t(ljo? to other C'm%g%m ongnts.

ot
SULER Iél%.r%c, an mseLﬁatlng cl)rOBa sivation layer 37 is %or}?nle\alover in uﬂgtlnlgons or

sectlagers 128 aad konductiverlagerc 130 asihgy spinlctatingnPV®, @\ED oprimtivigs

1ayePREIAG, lamingtion, or molding pragess, Thepassivation layer 132 canhe 511
one or more layers of low temperature (<250C) cured photosensitive

condpgslyies resistrhelding tdmpuind solderanask ligricay st fimesidayer

11keSBN4, BIRN, Ja205, A1203, HQ{)_éﬂEfgﬁ%h%QBpBP& oSRoxyfethyljagtate

base, or other material having suitable
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 layer 130 is a bridge
for the inductor, ground plane, or interconnections to other
circuit components.

In FIG. 3c, an insulating or passivation layer 132 is
formed over insulating layer 128 and conductive layer 130 using
spin coating, PVD, CVD, printing, sintering, lamination, or
molding process. The passivation layer 132 can be one or more
layers of low temperature (<250C) cured photosensitive polymer
resist, molding compound, solder mask, ligquid crystal film,
sio2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. The insulating layer 132 has a low
dielectric constant (k) and loss tangent.

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

mounted over insulating layer 132 with releasable adhesive layer
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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 -15 135 for
structural support. Carrier 133 can be permanent bonded to insulating layer
132 with adhesive layer 135. Carrier 120 is removed by chemical etchin

g
135 {REnSHEHFPEEIDH, B MechahiRAF giiiding, theARalaks akgRent - bonded

to 1SGANMRG,10f Welystippig. Aiportionied ytedage: kayer 122 is reraevedtby 820 is
patterning and etching process to expose conductive layer 124, resistive

remoGdy Py A ¢Giductive Tayef 1 3881 s Eondutlive Yayer ¥ acts as the

me chelehsiop tayenduado itshighh seleciividy ta peatectdnsulating layer 14d6while
removing the portian of interface layer 122. The p of interface. layer

, e tternin
S L A b o It betbrc e A SRR OO St L T, dPe s
pat tamd tesistiredayerct2mdn G c3e safter reroving canieén d20yan leleetricalpy,

.conductive layer 134 is formed over t]gte bottom-side. of the device usin .
oo B G R tonat, SRanORIE et Sediieds Hiatig orocesss HutgE Ve
layefoillamination, esothies stiitablesmetal depesitiongrocesstto formlindividual

se1RQrtions or section? 134a-134i..Conductiye layer 134 can, ?Fé one or more

Iayé?fslofyTiF%i\ﬁ,r ¢ eﬁtcﬁngﬁlﬁ%lﬁ? Ag,yor othér suitable efecr{]ﬁga]l@g the

portéonduetive matefiak-n ong embotiment] icondactiver layey 134 haster face
1ayelhickness typigally gregter than g rpicrometers {om), The individual portigns

of conductive layer 134 can be electrically common or electrically isolated
condgepenting erehe lecohmeetvinesfithe individuarserhitonductor die.

Conductive fayer 134a-134bJs electrically connerted to thg seggnd smooth
surface of conductive fayer 124, opposite its first smooth
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 micrometers
(um) .  The individual portions of conductive layer 134 can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 134a-134b is electrically connected to the second smooth
surface of conductive layer 124, opposite its first smooth
surface, to form a bottom electrode of the MIM capacitor.
Conductive layer 134c-134d is electrically connected to
resistive layer 125. Conductive layer 134d-134f is electrically
connected to conductive layer 130d. Conductive layer 1341 is

electrically connected to conductive layer 130e.
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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 134i is electrically connected to conductive layer 130e. -16 In FIG. 3f,
an insulating or encapsulation layer 136 is formed over conductive layer 134

and interface [e§er 22 d<ing 3P cdating, PV €SB Spriting Sintérivg, 13°
is reampressywldipgdamination, oy etherencapgulatien processidber 122
. insulating layer 136 can be one or more layers of Si02, Si3N4, SiON, Ta205,
USINE] 583 "nGidiig-8snpbund, LCP; loRFteipetdiurs 12 286E) EuréeP™Pr ©5s

mo 1 dphefpsensitive: palymer sitelectiie roreothep Jnateriabhaying suiable imsidating

, roperties, The insulating layer 136 has high resistivity, low dissjpation _ .
s o AR A COTcHiy AicH b oty WFESOpE? A A paaNe
S1i0NQf insglating Adyen 3 36ns remaved tonpxpose, cartuctive vayemibada and 4 34i.

(<25A8 additionﬁl Izgercfor Wirec?ondin rria be f rmfd over insulating I?%er 136.

ure oLtosensitlve O a1l eChrilc or
n)op ionalelectrically conductive Tayer 138 is 'formed over condictive layer

matet34d ahd 184pusing pattéening witha PMDy @V Dpsputtering, eldctroiytisulating
lating, electroless plating_praocess, or.other suitable metal sition
laye%ro%?é%s?tlog or%nl%f%di\?i ﬁ%ﬂ?&r}’iéﬁg br Sections T aaag]nld) If3%i£c%8ﬁduc%(\j/8d
therfagér d38aricbe ohg or snore layersof A, Gut8npNRBer AgL ot cother A
port3yiable elgetrically copdycive matgrial. Condyctive layer, §%§eaconductive
conductive pillar or stub bump. In another embodiment, conductive pillars 138
Layegrel franerhpridrtbinsulating Ryer 186 dY platiriy o stackingebiopd iThe may

pe finswlating layer 136 s then formed.around conductive pillars 138. An
additional layer for solder bumping
An optional electrically conductive layer 138 1is

formed over conductive layer 134a and 1341 using patterning with
PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process to form
individual portions or sections 138a and 138b. Conductive layer
138 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
other suitable electrically conductive material. Conductive
layer 138 is a conductive pillar or stub bump.

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

In FIG. 3g, an electrically conductive bump material
is deposited over conductive layer 138 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,

Pb, Bi, Cu, solder, and combinations thereof, with an optional
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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 -17 flux solution.

FluxpgPdydmple; the BimprAatetar cn' Be SHBttit? SHPL, higiiledd s Sidéf oF 1 ©

sn/plepdifiemsaldan The1bwnp materiak is-berdedstolernductive ayend38sing 1 a1
a suitable attachment or bonding process. In one embodiment, the bum

. ( P
1s benaGHh i€ rERSWES by Healifd The Mibterid Hbdve iSThERRY Doittt8 FoMT Rt ©F
bondsphericabbalisor bumps 189 ibseme app)icationsy buppsak3d- axe reflowed

a second time to.im r%\g electrical c%nt ct to conductivggl/a%‘er 138. The

ret g s%%n%é‘otﬁsg ompredsion boRded 1B Contiut v layer 138 Biinps® £or™

sphel32 rapresentsone-typengs sinteyeonnect strottire pirdt icamthie formecoves 139

co uctiv(ej I%yer 138. TI']Ee. interconnect structur cajg also Tse bogd v%irecs
are re ow.e tseC(t')l’l(jj ime tO lmePrOVS % ectrlca contac
conductive paste, stud bump, micro'bump, or other electrical interconnect. In

condElG.i3g; elthgeinsulBtion |ayer 132nprs13Gis Hesmalire mechanicakbsuppdrtingied
structure, which can b rme% with compress molding process. Carrief 133
1 . : .
co e T o8 e rem bl by ot e ehea his. RORE ohmica
integtchings atechanicat peel-¢ffia CMR,/meehdmicalagtinaiiey; therndal bakeclaseyer

135 . SCANING, Ar Wet SHpping. The Stuctures desgribed, FIG; 39 constitute a

plurality of passive circuit elements or IPDs. In one embodiment, conductive
condjagei Y80 dRsHating iy ePups, cohductivelaper P24, dritbeorfletive ik

intel34R 52 MIM £apacitor. Resistive jayer 125,is aresistor flemensin the 136 i
the main mechanical supporting structure, which can be formed
with compress molding process.

Carrier 133 and adhesive layer 135 are removed by non-
destructive heat, light, chemical etching, mechanical peel-off,
CMP, mechanical grinding, thermal bake, laser scanning, or wet
stripping.

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

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

symmetric Hi-Q resonant transformers, matching networks, and
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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

Cunipewotks: G -ﬁ%tuni?\j@eca%%%ﬁo%?l‘rhéeiPB%%naﬁe GEE0 s Fromt-BhgsLess
RF cWiigless nRE commpanents,whieh san beipesitioned-hetweenhe antemasanchd
transceiver. The inductor can be a hi-Q balun, transformer, or coil, operating

Erangste 166 GigdhértZ i 4ohierappiitations, Miltiplé baltivs dreF6ihed Bér a ©*

coilsampsubstiate, afowimngl owli-band ©peration: fros example; Twe 01 inere,
balgns arqsused in a %uad-b nd for mobile %hone or other global system for

multiRbite (@ SM)cothmunicalichs B5ch BaliR B8dicatst fo? o freqtency Band
mu 1 taf-aperation of theiguad-band dexicepAdypicab Rirsystem requires muttiplesed

. IPDs and other high frequency circuits in one or more semjconductor
e e T GocR LA BBt AT SS EandUCh o8 Ty e
mob1180c( & be @orgroumid-planerfor, thed PD $talctured #dGc 4 shaowsSar sehematic

representation of.one im IementatIJ'on of the IP frg ElG,.3g. Capacitor .
f = . 1
e Oy e M Sbaiter rotSior 45 TR Se e TS ive TaydP o2
RE' sy25;anductan 144 sepresentslcontubtive layers- h84e-134h. Oonduetivey layer

circhidais;elegiiically copnected to condyelive, layer 1360, condugtive:layer « o

130b is electrically connected to conductive layer 136c¢; conductive layer
neces36itg efektidally cednriested: ieoeenductive fayelr 188bl Tkie MIM Bapacitorbe a

grouli@s B aiven @Jactorwhish is a-measute of efficiency as the ratio of
capacitive reactance to
FIG. 4 shows a schematic representation of one

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

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

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

EhiclhckasEG8E BeCsuse or ttanttealing By tRERSLIY ESR: fte &F fadtor 6fo°th
condthethiM capaeitoriis ingreased. 18 adgiion; the=< 9thickbottom-sides between

conductive layer formed over the second smooth conductive layer 124

the rifitids yarticRE End it Iocks Betwden 'thé CondUbive layRF Afd Tesistive®
ESD layer,avhichincreases thed ES&ipretectiondevalirangheduses thesESRafdictor
¢ increases (%factor, for the MIM capacitor. FIG. 5 illustrates an alternate
or Hb%egg%f o?’]%?ﬁ&léﬁrlPD structure using a smooth conductive layer and
bottom-gides condictivestayer.<Similar tol EkGs Ba=3lpravtersporary brming an

rep $35ifical bottom:side substrale, or carrer cantaing siicon, polymet, pobymer,
compos&le, metal; ceramic, glass, glass epoxy, berﬁllum oxide, tape, or

condothel geitadlsle daw-cost, migich materialleisbulk seficorductoronaterial for

st£ucturai SUpRQrL. _An.igterfa I%)éertlSZ IS agglied over th bottom-siqe
59t carrier.” he%nte?fgcg fayeer Slégscanabeete%:poraﬁ}: 6§ﬁdiﬁa elfn%l or etch- s%ocr()j f
polylager taoprbrect tatesfarated-layersawhén removwing of thie aempogdiss epoxy,

pery?QUQM-Sidg garrier. The temparagy bonaling film can he heat or ight: 4
releasable material. The etch-stop layer can be Si02, Si3N4, SiON; organic
mat efiliy botyméy bk nistalfilen@itls bwet atehingiseledtivity STheinterface lyeport.

An iheaissdepositedeousing ia@ié‘aéi%!ﬂ’lﬁ¥9’ GO, Rrinding,, SR LOALIRG, SAY ;e
coating, sintering, or thermal oxidation. A smooth conductive layer 154 is
The fopinelicver intéifgée 152 can be temporary bonding film or etch-
stop layer to protect later-formed layers when removing of the
temporary bottom-side carrier. The temporary bonding film can
be heat or light releasable material. The etch-stop layer can
be Si02, Si3N4, SiON, organic film, polymer, or metal film with
wet etching selectivity. The interface layer 152 is deposited
using lamination, PVD, CVD, printing, spin coating, spray
coating, sintering, or thermal oxidation.

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

first and second smooth surfaces for later formation of a MIM

capacitor.
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layer 152 by patterning with PVD, CVD, or other suitable deposition process.
In one embodiment, conductive layer 124 is a resistive layer including
TaxSiy or other metal silicides, TaN, NiCr, Ti, TiN, TiwW 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

processifigTEBRALCHVR 14g¢eT54 Ras bPpbSihg SArsEandRecordSmbbly °ver
intesutiacesifoytaterfopmation of aMIM wapacier. 020 Aesistiveiayerddsds i tion
patterned and deposited over interface layer 152 using PVD, CVD, or other
PTocgiitable GEPdSition protess. Resistive 1ayer 155’ T4 or Bt métat + c+des-
TaN, siicides, TaN, NiQr, Tr,i Wl d1\Wogredopeshpoly-silicophaving a sesistivity
.between 5 and 100 ohm/sq. Conductjve layer 154 and resistive layer 15
res1 T e e B I it Hop ROl pALGI G PoCeEe oA 154 2nd
resiigstilating oy clielecthic dayerds6fis formaedavem the: fikst smoeothisprdade-abn and
atth:r}ldiurg:tive %2}/6(;5135)34 using patterning with PVD, CVD, printing, sintering, or
PatthermaP oxidation: The insulating layer 156 can be one or more layers of
Si3N4, Si02,iSi0N,alE205, Al203¢pelyimide, BEBs PBO,dows temperaturever
<250C) cured photosensitive polymer resist, or - ather syitgble dielectric
e S A O a LS b 160 Lo s Erned
pattwith they sarmemasio and By, thersarhé oy coasediiverdepositionmrotesses in

oxiqddighvacuum envirepment An insulating,or passjvatign layer ]H‘lf_’&iégg 1ed s

over conductive layer 154, resistive layer 155, and insulating layer 1
of SdsiNg spiéaatingl PVD, 1GVD D pridtindg) Sinterny, ioritHermal @xidatip. Thew

temp@@%%ﬂ%gﬂwgﬁg@%ﬁs8%@@8‘%%5¥H§8H%itive polymer resist, or
other suitable dielectric material. Conductive layer 154 and
insulating layer 156 can be patterned with the same mask and by
the same or consecutive deposition processes in a high vacuum
environment.

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 Si0O2, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. A portion of passivation layer 158 is
removed to expose insulating layer 156 and portions of interface
layer 152.

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

suitable metal deposition process to form individual portions or
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layers of Si02, Si3N4, SiON, Ta205, A1203, polyimide, BCB, PBO,
epoxy/ethyl lactate base, or other material having suitable insulating
properties. A portion of passivation layer 158 is removed to expose
insulating layer 156 and portions of interface layer 152. An electrically
conductive layer 160 is formed over insulating layers 126 and 128 and the

SeCtdBrsetPGHioNS BF inteffate fdykf 4 22306ky patterniy With PVD,EVBOT e

1ayesputtering) electyolytic phating aelectieless platingdaroeess: £ pther1 suitable 211y
metal deposition process to form individual portions or -21 sections

condysta- 1808 2EEhdacivE 1A er 280 4 bE oreSrihdfe TaErSof Al Cu, 'S er
11ikeNi Au, Aigy or ethersuitableceleetsicalyi conductive: tateriat withriypicalyre
adhesive and barrier layer. like Ti, TiW, or Cr. The jndividual portions o

Laye o nGa e Ta0 okt b e Gy G o SEE G Ko t e
depedepending ontthe connectivity of the ihdividualrsémidcanductarediecconductor

. Conductive layer 160b is t electrode of the MIM_ capacitor. Anot
die. e TRNRE et L bt tey b ane i CR ek
capainieérconnectionstie otiperr tircuiscamponentscAn optibagkinsulating era bridge

£ ;E%ssivati n |§Xer,1§2 is foc[m% ove,r insulati Iaé(er lg8 1Ealnd cqnggcti\{%
o R o S P AURS GV, piniEt S pie e Eher
circmoldingprocesstFhe passivation layer 162 can be one or more layers of low

temperafyre (5230G) qured photesensitive polymet, 1esist, malding 165 ;5
compound, solder mask, liquid crystal polymer film, Si02, Si3N4, SiON,

forma205,9x1203; poifimite, BOBIPBEOS epuky/ethyl adtatechdsey oF offfel using
spinMaterial havingsyitable, ingulating; propedigs. Theiasulating layer 162 has a

low k and “loss tangent.
molding process. The passivation layer 162 can be one or more
layers of low temperature (<250C) cured photosensitive polymer
resist, molding compound, solder mask, liquid crystal polymer
film, Si02, Si3N4, SiON, Ta205, Al203, polyimide, BCB, PRO,
epoxy/ethyl lactate base, or other material having suitable
insulating properties. The insulating layer 162 has a low k and
loss tangent.

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

reactive ion etching (DRIE) or laser drilling process to form
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An insulating or passivation layer 164 is formed over insulating layer 162
using spin coating, PVD, CVD, printing, spin coating, sintering, lamination, or
molding process. The passivation layer 164 can be one or more layers of low
temperature (<250C) cured photosensitive polymer resist, molding
~ compound, solder mask, liquid crystal polymer film, Si02, Si3N4, SIiON,
V1asTa05, A1 0P pofimi] BER, PBO 8Hdxy1afYI Rithté Dske, of Bther
insumaterial hayingrsuitaplesingulating prepesties.o fhednsiatinglaygn 464 hasa,
low k and lgss tangent. A portion of insulating layers 162 and 164 is removed

by deep “realiive ot SRAMG B RIES oP RiserUrifing proceds B for 222 vias,

e lecwhichexppse sonductive=layer 260a and 4 60gpdbe tissulating tayey 162 ad
, 64 can bf formed]? 2 si%%le I\?yler. Prior to remaving the bottom-side

S Uegiriel An %Yeec]fﬁcaé con e ma¥erial i dSpoLitethin the Viddof
elecinsulafing dayers 1 62gndeled by PV, CY¥Da spuittenng, celeetrolytic platiag,

sui tglggtroleg% ﬂatgl rocess, or other sunabl%}gnetal deposlgtllon process..The

Sonductive matenal can Jb%no & Or more Iayers(,e of Al CU; 'Sh, Ni, Kﬁ,e,&gl,aor can

be ootheprsuitable élegtrically coaductive materiaN TheAcondiigtive matelniat

. rms copd tive il§rs 166. In another embodiment, conductive,pillars 166
st e e B e S RlEA
matepdmps LT insttatitigdayercl 62.and 164 1a7é then formed around conductive

pillars 166, Angptional Iemparary. fopside, gartier IS, mounted.quer, E@U@@g

layer 164 with a releasable adhesive layer for structural support. The
formgettermiside tarrien iSiiemcvetl By ehietnid&letehiig 1 méchanieakpeeloffor

stackMby @%ﬂﬁ?s”.icm grinding, thermalpake, laser ssanning; guwetstripping. A

pOI’tIOﬂ 0
formed around conductive pillars 166.

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

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

layers of Ti, Tiw, Cr, Al, Cu, Sn, Ni, Au, Ag, or other suitable
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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

e LeCfotried ovér e BEESMYSE Drthe Hbvice Using PVEN VD §plitterfgnduct i ve

layeelectelylic platingn electealessplating precess, metal foil faninatianarwetber
suitable metal deposition process to form individual portions or _sections

POrti885 188i. CUNIUCHvEY ?ay%?i%é caRbe“6ie BF niote C15§ér%a&fL|ii , FwWrer ot
elecAk Gtk By NisAusAgdoreipensuitaple r23 electrinally conduetiveanatatial. In
ne embodiment, ¢

g ndl%ctive I,ager 168 has a thicknjte)ss $re?|t§§ th_iln6%§|m.
Ind iYL iiivia A horions ot coRdictive 13)8H 168 ¥an ba'electricaily commoh®
e lecar etectrigallydsolatedede pending: os ¢he aanrectivity of thef dndividaal
conds%r@'l‘:&é‘dg%%g'e%5C4°”dé*§1%‘§% layer %??a' Pﬁs?rl's i?d%%‘&?"’.‘@ﬁ%‘%%%%‘:te‘l 0 corm
the secon ooth sufface ‘of "conductive layer 154, opposite its firsSt Smooth
a bosurfaces e fornp debatfon lededtiodecsiithe MId capatitoduCanductive ayer1 6 8c—
16 8d1g§ac.'e11689t'%P#%%%a”é’o%?”e”cegee& toJepistive Jca%’\?% 1?5\%&:0 dugtive layer
168 is electrically connected to conductive layer 160g. An insulating or
CondgnddpstlationdayercBZ0 isformed tovier cbhductivenlager 168 and dmérface ve
laye@y%g}gz. using spin coatlng, P_VD, CVD, printing, sintering, lamination, or
molding process. The passivation layer 170 can be one or more layers of
Si02, Si3N4,1SION, a5, Al 208 Chquid ERfstalipolyatier filln] Opalgintidemed
ovenggmgl%E'in}/é?@fj lagtate, pase, malding-compound, ; low tempgyatyre
(<250C) cured photosensitive polymer dielectric,
coating, PVD, CVD, printing, sintering, lamination, or molding
process. The passivation layer 170 can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al1203, liquid crystal polymer film,
polyimide, BCB, PBO, epoxy/ethyl lactate base, molding compound,
low temperature (<250C) cured photosensitive polymer dielectric,
or other material having suitable insulating properties. The
passivation layer 170 has high resistivity, low dissipation
factor, good thermal conductivity, such as epoxy with proper
filler.

The optional topside carrier and adhesive layer are
removed by non-destructive heat, light, chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake,
laser scanning, or wet stripping. An electrically conductive
bump material is deposited over conductive pillars 166 using an
evaporation, electrolytic plating, electroless plating, ball
drop, or screen printing process. The bump material can be Al,

Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof,

with an optional flux solution. For example, the bump material
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or other material having suitable insulating properties. The passivation layer
170 has high resistivity, low dissipation factor, good thermal conductivity,
such as epoxy with proper filler. The optional topside carrier and adhesive
layer are removed by non-destructive heat, light, chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake, laser

can &g Or et Strpping PAR RIectRCAIy THRBRC bR matsral 78 1der -
The OeRgsiteduer sonductiverpillarstlbousing ani evaporation,£leetkolytic ng a
. plating, electroless plating, ball drop, or screen printing process. The bump
SULt ARt chi BEAR ﬁrNii,’%ijA@?PBF BETE soldet, BA¢ comibthtiongt, the
bumptheseefr with ar optignalWix sejutions Fonexampleydhe buatp material 124
can be euptectic S(r;t/ b, high-lead SO dikr),-aL%r lead-free solder, _The bump
r

P
me 1t % kAl 14 borided toF Cordtietive pit 6 Usitig Wable Attachhfert B
app lhonrding psocassmirsone embodiment] the: bump materialtis reflawed by rove

heating the material above its melting point.to for herical balls or bumps
e R o Gphcatores BHE 1% B bt SecoirRe DS oah

al soimiprovenglectsicdbcoritacttoconductivedpitlarsvEs G iTheslmemps ¢an &sohe 172
comgresg%oen l%ondedot]g) clonnéjgctive gglgrts %%@'uB'%rHP% 11:7}% represent on

représe . e con can’ . pbe Tormed
P type (0] mtercon%%ct structure that can be formed over conductive plﬁars 166(]

overTh@mep_tbhnecps’tmm cdrb aIs_oT&Jse bote wiresnheortduttive paste; sm
a1soPWRR. MIGIQ hiyop, or other electdcal interconnect, The stiuctyres desglibed

in FIG. 5 constitute a plurality of passive circuit elements or IPDs. In one
ot hegmbobdirhantcednduttive ¢ayerel®ob, insulating layer 156, conductive layer

154, andrgnduyctiye fayer 168043 AWM, Gapaeier. Resisiiyedayer oS is a
resistor element in the
plurality of passive circuit elements or IPDs. In one
embodiment, conductive layer 160b, insulating layer 156,
conductive layer 154, and conductive layer 168b is a MIM
capacitor. Resistive layer 155 is a resistor element in the
passive circuit. The individual sections of conductive layer
168e-168h can be wound or coiled in plan-view to produce or
exhibit the desired properties of an inductor.

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

thick bottom-side conductive layer formed over the second smooth
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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

condysaritancay The insulBting Tayér SL56°formed Tver itk first Smbot Surfsdereen
the ofeonduective laygydb4areduces the EaR obtheMIMcapacitorantblRetspet e

problems caused by particles and hill-locks between the dielectric and
ESD goiuctive Pay et YEonduttive J4yEr 54 a0 TefucdshigR fode fisstied factor
for heeausevfseglfzannealing. By decreasing ESR, the Q factor of the MIM
capacitor is inc%eascfgi In addition, the t%i%:k bottom-side conductive layer 5
formed GVer the second Sthoth- 25 ondtitive fyer 152 minithises particies
struand hil-loeks betwesano then canduttive 1ayer langenesistive tayer owhichde
congincreases the ESD profection level and reduces the. ESR and increases Q
factor ?orjtﬁ‘é/ Mim capacnom—rlf;r.% iffistrates another process ot forming an
subslP tstructureausing:a smodth tondudtivedayer gad pottam-sidé yeonductive

complBYEL &, tSMRArarY QLoagificial bolomsige_substial of calfier FORIAINS . o,
silicon, polymer, polymer composite, metal, ceramic, gYass, glass epoxy,
tapehemtiuat bride s tape orothersuitabte low-cast, rigidematetiapor bulkk

semi SEIPIEQRAYCIoR Materal for-suctural suppgr. An.slerically conductive layer

180 is formed over the bottom-side carrier using patterning with PVD, CVD,
sputterirgy} efeksrolytic prating, efertrotdssvsiating process, hsetabfoiled over

the BoHRAtON, 0f other,suitable metal deposition ; process 0 farm ingdividual

portions or sections 180a-180i.
sputtering, electrolytic plating, electroless plating process,

metal foil lamination, or other suitable metal deposition
process to form individual portions or sections 180a-1801i.
Conductive layer 180 can be one or more layers of Ti, Tiw, Cr,
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 180
has a thickness greater than 3 pm. The individual portions of
conductive layer 180 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die.

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

epoxy/ethyl lactate base, or other material having suitable
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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

insudahiddAdBERR afe: KitinsulafiRg b Passivatich l%r182 i< fdtAredfovetvthe and
lossbetiomeside cariep and condyetiviemlayer 180 yisingyspin 16oating, PYRL Dby
printing, sintering, lamination, or molding process. The passivation layer 182
DRIBCGTb %ﬁ%rordrﬁéﬂellé%rsp&roE)%\?Ferﬁﬁeré)ﬁﬁ@ (£256Cy tured SHotGSEnsitive
condpalymes resist rmokling eermpognd,.solder mask, liquid crystal polymer film,
Si02, Si3N4, SIiON, Ta205, A1203 pol%imide, BCB, PBO, e o>I<y/ethI¥I lactate
base, or othérmatérial Baving Sultible™26 SIS pfopettes The

elecinstilating yayesriB2das/a love kanih lossdangents Atpattion of insulating of

. layer. 182 is remo e%b D? or laser drilling process to form vias.which

s SR Sty B2 S0P 4nc 150 PR B8 Terhiing e oo se

platcarvier,slre etectrically qohauctive materisd 35 depositdtein the viasdfe metal

aepolEHIBING Jayer 162 by RYD. CHD sputtering. electrolytic plafing. glectigless
plating process, or other suitable metal eposition process. The conductive

layematerfal £&n beconéor midte layersiof AloCuoSheNi, AuL g be otherctrically

conafiifahle electrically ,condyetive material; FThe copductive magerial forms, -t 5 ve
conductive pillars 184. In another embodiment, conductive pillars are formed
pillgder tbdrsulating layer 182 by plating or stacking bumps. The insulating

|ayer18%J§Eﬁ?@gﬁg?e@ﬁEQHﬁ%QQHQUQgMﬁ&ME%ﬁve pillars are formed

prior to insulating layer 182 by plating or stacking bumps. The
insulating layer 182 is then formed around conductive pillars
184.

An electrically conductive bump material is deposited
over conductive pillars 184, after forming insulating layer 182
or after forming of insulating layer 198, using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The bump material can be Al, Sn, Ni, Au, Ag,
Pb, Bi, Cu, solder, and combinations thereof, with an optional
flux solution. For example, the bump material can be eutectic
Sn/Pb, high-lead solder, or lead-free solder. The bump material
is bonded to conductive pillars 184 using a suitable attachment
or bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 186. In some applications, bumps 186
are reflowed a second time to improve electrical contact to
conductive pillars 184. The bumps can also be compression

bonded to conductive pillars 184. Bumps 186 represent one type
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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
%Gﬁﬁ%&ﬁ%&aﬁ%é%@%n’i&%@ﬁ&i dan Beelitectic VSh/PPO Righclead

pil1selden o1 leadrfiee splder -bhe bumpsmateriak+is beaded 1@ sonductiverillars
. 184 using a suitable attachment or bonding process. In one embodiment, the
R ol mﬁ‘?ﬁgf‘é?iﬁf‘ 16 rétioWety by he&ting tHer miteriaP abBie its telfifg' point to
elecformc spherigad balls oe bumps 186. In some applications, bumps 186 are
reflowedT se ontd time to improve electrical contact t8 ondyctive (ﬁ)illlflrs
184. The Sm%g CaRRISS BE coRfprassion Shdridkd o comduttive' pitiars 184.
et chBumpsrikBthreptesent pae type £27 ofiihfercenhect stractuye thatican behermal
baxelOTTed.0ver conductive pilars, 184 The inferconnect Suctire can 3lso use 4
bond ‘Wires, conducti/e paste,’s uatbun%f micio bump, or other 'Slectrical
is finterednnecir Thehadttomiside Lavrer i3 $@mobked by themidalgetehiriy, PVD,
cvp, Meghanicalpeckf, GMPmechanical orinding, hermal, bake, 1888, ment.,
scanning, or wet stripping. A ‘conductive Igyer 88 is formed over conductive
condfagéer Y80 by prattefiting with P¥B1 GV D¢eor ether suitable depasifionSiy or
ot heRrORESS I one;empadiment,y conductivelayer-188 is3 fesistiveayer o1y
including TaxSiy or other metal silicides, TaN, NICr, Ti, TiN, TiW or doped
siligelyp- SiigemBaving esresistivity belpderes and 00°0RMAqICdrductive layer
cOndIJ\;A%PC@aé Zgggré@gf st andssecqnd-smaoth; surfacesfor latgr fprajation;of a
surfaces Egr later formation of a MIM capacitor.

of 1

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

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

An insulating or passivation layer 194 is formed over
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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/sq. Conductive layer 188 and
resistive layer 190 can be formed during the same depasition process. An

condipshifatifig b Widledtrif 1ayet 1925 T6rmied 6ver fie fifst siiootht Slrface oFYST
182 eenductive layer d88iusing matteraing with-RMD; £),D qarintivg; sigiering, or

thermal oxidation. The insulating. layer 192 can be one or more layers of
thergpNg, 602 iSitiN, Ta2t%, AA203Vpblyimide*BEB, PED 61" oftier Siftabie MO e
layedielestricmaterial.iCunductiveNayersB®and linsdating layen 192 capdre, PBO,

ttergeg Vﬁiﬁth the same mask and b)ﬁhthe same Qr co secutive deposi%i) n

e0x g L RRYds ik hEhVARhTRT CHuirBhiEht s shatint oF PASsARGA Fyer
insul®4 imformedmyet i-28 condugtive: layer 280 presistive tayet 188vand 194 is

insylating layer 182 usin in coating, PVD, CVD, printing, sintering, or
remo ORI THE DACm Al on 138104 2n B& ne o ore Tera 2p: 0
cond8iQ2,\&i3N4y SION 8Ta205, A1203, polyimide, BOB, PBO, epoxy/ethyl

lactate base. qrother matqrialhayind.suitable Insulating propeftics, Aypartion

of passivation layer 194'is” femoved to expose |%sulat|ng layer 85 resistive
insulager 190, lancte condletiverlagerst8F.An eleetrichlly coaddctivenidyertt 19&islayer
190 19med quer nsulating layers 192, resistive layer 190, and conductive layer.

180 using patterning with PVD, CVD, sputtering, electrolyfic plating,
platélegtroless platinkastoceds: ok mth@ruitabie metal odésasitioni prdeess ietal

depoEE@ﬂBQWE¥6%89§m9§‘%é%ﬁ“Q%%}%Qﬁual portions or sections 196a-

196e. Conductive layer 196 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive
material with typically adhesive and barrier layer like Ti, TiW,
or Cr. The individual portions of conductive layer 196 can be
electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 196e is the bottom top electrode of the MIM capacitor.
Conductive layer 196c and 196d are electrodes for resistor 190.
Other portions of conductive layer 196 is a bridge for the
inductor, ground plane, or interconnections to other circuit
components.

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

having suitable insulating properties. The passivation layer
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196e. Conductive layer 196 can be one or more layers of Al, Cu, On, Ni, Au,
Ag, or other suitable electrically conductive material with typically adhesive
and barrier layer like Ti, TiW, or Or. 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

198 33fie BhbHOnT Opilédtiade of the"Mit Tapaeitoro T drititictive 1464960 S L
condl26d anre-electrades for resistor 190t rOthes pertionsiafconductive layer 196
is a bridge for the inductor, ground plane, or interconnections to other circuit

components. ARSI oF FasEVAIN 1aer 198 isYofif8d blErte @
plureanductive layes 4.96cand insulating 1ayes 94 using spi. coating; D, CVD,

printing, sintering, lamination, or molding process. The passivation layer 198
e e G T s G S8 ‘S A4 SIONE T a3Ea A 308 Tt
insudrystahgolyayerfilmo polyimide; BOB-PB@; epoxylethyl éactate kaserar other

material h vinq_ sLtJitabIedinsuIatir&gg%rof[)erties. Thespassivgiion layer -29 l§8

caragas ﬁl@h res%ﬁvif’y,llgv(\e/ |sasY§artion factor, 5106:(? thermal conduc i\ﬁty,lgugh as

passepexycwiticpidper filler Thedstmictures desctibed in FIG c®cdnstitutesa layer

lurality of passive circuit elements gr.IPDs. In one _embodiment, conductive
1802 HERLY Qfpass af QN X &

layer %gﬁ conduciive E'[;ly%% 1§§,l msula%t?ngp Ia%lr f@ze,wandocéjnrﬁjc%\gg Ia?y]iar
exhipd6e isha MINs capdcitoroResistive layer 490isduesistor element in the

passive cireuit, The dndividual secfions of copdyctivelayer, 1800:18Ge Gan be
wound or coiled in plan-view to produce or exhibit the desired properties of
measgp fndictert The MIM EapacitorhasatgivenQ faters Whicteisze andéasupe of o

resi%%@ﬁﬁgyéﬁth§§W%Hf%¥EHﬂ@ﬁH§?C“¥H8tﬁIM 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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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-anneaﬁ‘?ﬁ’é&‘/sdecreasing 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 =i iil-locks between the conductive layer and resistive layer,
which increases the ESD protection level and reduces the ESR and
N increases fagor for.the MIM ca acito%. While o(§e Qr more embodiments of
© e PREEAtINGENtitH haTe DeRRTIstrAtES in detafl "theskiled Aris&n Wir
appreciate thatanadifigationsand.adaptatiens to those embodiments may be

m dlg V\{ithou‘;[1 rcljeEgrtti@[] éé(())cm tfiea scope ofe Ehetlyl)ée%eent irg)vregtion as, set f%ryé.
in tﬁer?oﬁloqming c 30 Claimé “Whal s claimed: LA retHod 6 maﬁlng

What

aims.
sémicondyctor devicehcamprdsing i providingra tensporanesubstraté sfoemingyer ;

an nisiface lavet over e eMporaly substiate; JOIming:a SOOI« oc

min a . r
conductivé layer over the interface layer; “forming a first msu?atlng ayer over
the afirstiSurface dfthesdatli€onductive layer; forming a second insulating

laygrquerfhe ficstipsijatng, Jayeriand first syrface. of the smaoth.conductve ;
layer; removing a portion of the second insulating layer to expose the first
layejpsak@ng ayer andrinaerfaceflaydye smooth conductive layer;

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

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

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

removing the temporary substrate to expose the interface
layer;

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

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

forming a fourth insulating layer over the second

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

the second conductive layer; and
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forming a first conductive layer over the first insulating layer and interface
layer; forming a third insulating layer over the second insulating layer and
first conductive layer; removing the temporary substrate to expose the
interface layer; removing a portion of the interface layer to expose the
smooth conductive I?/er and first conductive layer; forming a second

COrUEVE 18y e bier tHe St Ebndifetiv8 Y e dRd a'<ttona Surfacs Uf et 1ve

layegmooth conductive layer opposite the first surface of the smooth conductive
layer; and forming a fourth insulating layer over the second conductive layer
and interface layer. 2. The method of claim 1, further including: removing a
3. patienmed the fowth insulating Jayerde exposedhe secand eonducitvedayarayer,
and -31 forming a third condtéc,tive layer over the second condlé}céiv ,Iaggr. 3.
0

SMOOTHe RRAABE ot ¢faim A Wherdih'ths seBoHd abrdGctvaigyer, Shodth
condcanductive dgyer, firshinsilating layere and fitstscanductivedayer constitute a

ca ar(ple{g_a(ljl-insulator-metal (MIM) capacitor. 4. The method of claim 3, wherein the
Pe§mosth” conductive layer reduces particles and hill-locks between the first

insulating layer and smooth conductive layer which increases breakdown

1. Valiage and electiostalic discharqe proteetian.for the MIM gapagliar S The e,
method of claim 3, erein the smooth conductive ayer andad secon
reducerductive 1ajer o d Bottbhr elechrodeof tiee MIMh eapacitor andsinéreasey

1aye9fgﬁ%"&%HE%N”M&ﬁﬁﬁ%@?%e layer which increases breakdown

voltage and electrostatic discharge protection for the MIM

capacitor.

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

capacitor and increase Q factor of the MIM capacitor.

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

conductive layer includes an inductor.

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

forming a smooth conductive layer;

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

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

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

forming a first conductive layer over the first insulating

layer;
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6. The method of claim 1, wherein a portion of the second conductive layer
includes an inductor. 7. A method of making a semiconductor device,
comprising: forming a smooth conductive layer; forming a first insulating
layer over a first surface of the smooth conductive layer; forming a second
insulating layer over the first insulating_layer and first surface of the smooth

COrtIEtiveE Iy er Prembviflg 3 sortion of the SecondlinSiatinG fEy/et to-BRpose: 119

1ayetheditat insulating dayear forming a fiest conductive layer over the first
insulating layer; -32 forming a third insulating layer over the second

in§Giating Slayer & fifst CoRdUétiveiayer ¥omiRy asetond Conduttive Ryer ©f
the @weyd secanthsutface-0f1 the-smopihoeondiictivie layer oppesite the=firsE the

surface of the . smooth conductive layer; and forming a fourth insulating layer
Smoeo eﬁﬁg%%%ﬁé{eco id(ctive ﬁarf/%r. 8. The method of claim 7, further

in€huchingi gemovingra portiomafdhe fourthinsulatingdayeérdo expose the

condSE oln&i colngugtive layer; and forming a third conductive layer over the
second conductive layer. 9. The method of claim 7, wherein the second

conductive layer, smooth conductive layer, first insulating layer, and first

c deUCt“éE Iaz%gr cgnstitg% ametgtpsglegrtor.-rrpgi%l I}/IrllM) capacitor. 1Q. The
method of claim ,Wﬁereln the smooth conductive layet reduces particles

amcehitviooks betweenithe first inbglafiogrth insulating layer to expose
the second conductive layer; and
forming a third conductive layer over the second conductive

layer.

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

capacitor.

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

capacitor.
11. The method of claim 9, wherein the smooth conductive layer
and second conductive layer form a bottom electrode of the MIM

capacitor and increase Q factor of the MIM capacitor.

12. The method of claim 7, wherein a portion of the second

conductive layer includes an inductor.
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layer and smooth conductive layer which increases breakdown voltage and
electrostatic discharge protection for the MIM capacitor. 11. The method of
claim 9, wherein the smooth conductive layer and second conductive layer
form a bottom electrode of the MIM capacitor and increase Q factor of the
MIM capacitor. 12. The method of claim 7, wherein a portion of the second
conductive layer includes an inductor. -33 13. The method of claim 7, further
13. inchuding-foringa resistive 1gyerbetween the-substraie aaensecond
.insulating layer. 14. A method of making a semiconductor device, ,
reslé&rﬁiﬂﬁsi%@?’%mﬁﬁﬁ%eﬁﬂo&%eco%%ﬁ\?@Ih%ﬁ%rrﬁﬁ@oélﬁrs% THsUtating™9
layelayer over a first surface of the smooth conductive layer; forming a first
conductive layer over the first insulating layer; forming a second insulating
layer over the first insulating layer and first conductive layer; forming a
14. secamdtcantiuctiventdyengver a secancsudace ofl ¢he smoottveprductive :
Ia¥8§£ %ppositae thgz1 Ji(g%thsu(gfartlzg ogtthe esrtﬂootg conductive layer; and forming a
third msﬁ?lgting F’ayer over the second conductive layer. 15. The method of
clammidnfurthef incluiding:srehadvimg alpoytion of/the third imsulatingrlayereto £
expose, the second.conductive layer; and forming a third conductive layer
g\r/%rotsﬁeg s%%gng%%rl]a}&(:%aeyfa@ér. 16. The method of claim 14, wherein the
secomdiconductivee st conductive layer over the first insulating

the

layer;

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

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

forming a third insulating layer over the second conductive

layer.

15. The method of claim 14, further including:

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

forming a third conductive layer over the second conductive

layer.

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

capacitor.
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layer, smooth conductive layer, first insulating layer, and first conductive
layer constitute a metal-insulator-metal (MIM) capacitor. -34 17. The method
of claim 16, 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
L7 fof ifve TP edpaditdr ! 287 THE methd 6f-Elaih 165 Whekin the Shidbtiye laver

reduendystive layes sanchgeeand condiciive dayes darm aebattons electrode 0f they
MIM capacitor and increase Q factor of the MIM capacitor. 19. The method

Lavest @k 1A°RhBrei Apbrtion of tHeYSecohi Eonduttivedayet iRCIGass ak™

voltingectond2@ ikhemethodofclains ¢4 awhereht the-secand adthirdhiwsutation
layer provide structural support. 21. A semiconductor device, comprising: a

capag%%% conductive layer; a first insulating layer formed over a first surface of
the smooth conductive layer; a first conductive layer formed over the first

15. Insyiating aver, & second ingulating laver formed over the firstinoulating, .,
layer an ﬁrs conductive IIgyer, a second conductive f%lyer formed over a

and secomibsurfaceuwft theesmegthrconoltctive layetr oppesitecthediist surfadesofMIM
the,_ smooth, conductive layer.and a third insulating layer formed over the

o N T (oo 95 e S oy SEReror ddim 21,
wherein the second

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

conductive layer includes an inductor.

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

insulation layer provide structural support.

21. A semiconductor device, comprising:

a smooth conductive layer;

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

a first conductive layer formed over the first insulating
layer;

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

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

a third insulating layer formed over the second conductive

layer.
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conductive layer, smooth conductive layer, first insulating layer, and first
conductive layer constitute a metal-insulator- metal (MIM) capacitor. 23. The
semiconductor device of claim 22, 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

22 giBRargR  PrABEHT 1OF this NfcAbacitor P2, The ¥hfiEsHductoFd&Rice Bf

conddlaim 2, wheeain thensmopth conduetive-laygrang secend conductive layer
form a bottom electrode of the MIM capacitor and increase Q factor of the

Layeguma Bapdditor 2% P SEmitondador deviRe bt tiifh 21, Witetein'a porion°r
meta0f thersecandoeandustive layer includes an inductor. -36

23. The semiconductor device of claim 22, 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.

24. The semiconductor device of claim 22, wherein the smooth
conductive layer and second conductive layer form a bottom
electrode of the MIM capacitor and increase Q factor of the MIM

capacitor.

25. The semiconductor device of claim 21, wherein a portion of

the second conductive layer includes an inductor.
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