SEMICONDUCTOR DEVICE AND METHOD OF MAKING INTEGRATED PASSIVE DEVICES Field of

the Invention The present invention relates in general to semiconductor devices and, more
particularly, to a semiconductor device and method of making integrated passive devices. Background of
the Invention Semiconductor devices are found in many products in the fields of entertainment,

communications, networks, computers, and household markets. Semiconductor devices are also found in
military, aviation, automotive, industrial controllers, and office equigment. The semiconductor devices

perform a variety oPERL IO HIMER et SANPrdFE R o Ahe fcINIHFSRATED  The

manufacture of semiconductor devices invon Y RBE S wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of transistors and other active and passive devices
performing a variety of electrical functions. For a given wafer, each die from the wafer typically performs
the same electrical function. Front-end Pagdstaefuriegdmeieny ¥efers to formation of the semiconductor
devices on the wafer. The finished wafer has an active side containing the transistors and other active
and passive components. Baek-endgnanufactring refers ta: eultingrorsingulating dhe finished wafer into
the individual di¢ and then packaaina the diefor oo pare
, particularly, to a
semiconductor device and method of making integrated passive

devices.
Background of the Invention

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices are
also found in military, aviation, automotive, industrial
controllers, and office equipment. The semiconductor devices
perform a variety of electrical functions necessary for each
of these applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of
transistors and other active and passive devices performing a
variety of electrical functions. For a given wafer, each die
from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to
formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the transistors
and other active and passive components. Back-end
manufacturing refers to cutting or singulating the finished

wafer into the individual die and then packaging the die for
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structural support and environmental isolation. One goal of semiconductor manufacturing is to
produce a package suitable for faster, reliable, smaller, and higher-density integrated circuits (IC) at lower
cost. Flip chip packages or wafer level chip scale packages (WLCSP) are ideally suited for ICs
demanding high speed, high density, and greater pin count. Flip chip style packaging involves mounting
the active side of the die facedown toward a chip carrier substrate or printed circuit board (PCB). The
electrical and mechanical interconnect between the active devices on the die and conduction tracks on
the carrier subSHate IS-achieVER throughh soder BURT Strdicttife tdhipiising a large number of
conductive solder bumps ankallgothe splderburmps ate dermedd by a-raftow pracesscapplied to solder
material deposited on contact }pads WhiCQ aéﬁ di%oose on the semlicorﬂguctor suqlfitrate. Thg solder
bumps are theh soldéred to the Carriér substrate. The ﬁS c?nr[d sémicon uec'torsbngc aeglé’pﬁac)r\llldes a short
electrical condugtiem patn frony theraetiver tlevices :oruthiesdie 16 the takwercsulistrate in Bider to reduce
signal propagation, jower canacitancerapd achiave guerall befter circuit performance) .o In many

applications, it is desirable to form passive circuit elements, e.g., inductors, capacitors, and resistors, on
the semicondtiéteridie. fosteficoftsubistrateparsedwafets formgRO radiv refishcdy(FE) applications
as used in a final preduetarechigh-cast items ini thesmapufaciudng PEacess: d hensiligar substrate for high
Q RE' applications is also known to have high rgsisktlivit)é.,lt isfdesirable to eliminate thﬁa,silicon substrate of
high resistivity’ fﬁnézelrrﬁ%o%%%c?ocftdle\@?cesslggnt%lniﬁg Dassie @rUiteBmentE 16 savé Manufacturing costs,
while maintaining-siicors sbbstrateeprocesses.tSdmmiarywfithedaventicittB) . Thim one embodiment, the

present inventionis,a methad of making 2 semiconduciar devics, comprising,the steps of providing a first

substrate on a backside of the semiconductor device, forming a first insulating layer over the first
substrate, forfirig @efirst eoRbBctVe|afR? over the-firse InSulatii |a/er Hormmsg Biscond insulating layer

over the first gopductive-layer.ferming-a secepd fongdustive layes.gver the- secapd insulating layer,
forming a third conductive layer over the first insulating layer, forming a first passivation layer over the

first, second, AHEFthird chdlictioe 98y P  fstming aflrR donductive dayeoét th&irst passivation layer
in electrical coatalct withrthe thirddeonductive layer, farmning aosecond:passivation éayer over the first

passivation la erﬁltetgcr%iggsa fi%frerirer 19 %h% ngOIa% Fggﬁi%/g 'og Ia)é%rh {%mgvingofgewﬁr% substrate, forming
a non-silicon substrate over the first msu?atlng layer on the acﬁside of the emlconauctor device, and
removing theagzgriéf.sposed i ahbtherahmbedimverito thes present irfventibisis $oaétiiod of making a

semiconducteydevice comprising theisteps efjproyiding afirst-subsirategn.a bagkside, afthe _
semiconductor device, forming a first insulating layer over the first substrate, forming a first conductive
chip semiconductor package provides a short electrical
layer over
conduction path from the active devices on the die to the
carrier substrate in order to reduce signal propagation,
lower capacitance, and achieve overall better circuit
performance.
In many applications, it is desirable to form
passive circuit elements, e.g., inductors, capacitors, and
resistors, on the semiconductor die. Most silicon substrate-
based wafers for high Q radio frequency (RF) applications as
used in a final product are high-cost items in the
manufacturing process. The silicon substrate for high Q RF
applications is also known to have high resistivity. It is

desirable to eliminate the silicon substrate of high



the first insulating layer, forming a first passivation layer over the first conductive layer, forming a second
conductive layer over the first passivation layer in electrical contact with the first conductive layer, forming
a second passivation layer over the first passivation layer, attaching a carrier to the second passivation
layer, removing the first substrate, forming a non-silicon substrate over the first insulating layer on the
backside of the semiconductor device, and removing the carrier. In another embodiment, the
present invention is a method of making a semiconductor device comprising the steps of providing a first
substrate on A%BHEcKsiderofthe setRlcbnaictts devicks FoffRing an iristilatiity RE/@? bVer the first substrate,
forming a passive Gireuit eleraantover thesiasulating dayery forgming scpassivatien layer over the passive

circuit element attachllggna carrier to theiﬂgssw tion I%eré removing the first substrate, forming a

- ainta S on spbstra sses . . .
non-silicon stbstrate over thé msucfatlng ayeron thebackside of the semiconductor device, and removing
the carrier. In another embodiment, the present invention is a semiconductor device comprising a
non-silicon substrate and an insulating layer is formed over the non-silicon substrate. A passive circuit
element is formed over the insulating layer. A passivation layer is formed over the passive circuit element.
An under bump metallization is forme§H¥er ¥¥e phsERAtSAYAM AR lectrical contact with the passive
circuit element. A solder bump is formed on the under bump metallization. Brief Description of the
Drawings FIG. 1 isI a fgg chiepmsergiconndtuctorhdevi%e wig]tsolrolleg EET&S qrsoviding electrical
interconnect between an active area 3p fie e ard & c%iﬁ) cartiet substrate; FIGs. 2a-2¢ illustrate
a process of fertriing intégratedpassive=devices (Dronawiater chi®r3 siag equivatértoelectrical circuit
of the of providing a first substrate on a backside of the
semiconductor device, forming a first insulating layer over
the first substrate, forming a first conductive layer over
the first insulating layer, forming a second insulating layer
over the first conductive layer, forming a second conductive
layer over the second insulating layer, forming a third
conductive layer over the first insulating layer, forming a
first passivation layer over the first, second, and third
conductive layers, forming a fourth conductive layer over the
first passivation layer in electrical contact with the third
conductive layer, forming a second passivation layer over the
first passivation layer, attaching a carrier to the second
passivation layer, removing the first substrate, forming a
non-silicon substrate over the first insulating layer on the
backside of the semiconductor device, and removing the
carrier.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps
of providing a first substrate on a backside of the

semiconductor device, forming a first insulating layer over

the first substrate, forming a first conductive layer over



IPDs; FIG. 4 illustrates an adhesive layer between the non-silicon substrate and IPDs; and

FIG. 5 illustrates vias formed between the non-silicon substrate and passivation layer around the IPDs.
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, ridificativhs ! ARl eulvdendVas may b8 iftduded Within B> SpiYit anascOPESST the invention
as defined by-therappended-glaimms ane-theireequivalentsassuppored hysthe folewing disslosure and
drawings. 1 The ma factyre of semicondl%ctor d?vices involvcis f(%rmatioln of aé/vafer having a
plurality of die E&Eh Qe Eontaing htRdrdea or thousands oY fransistorsand othier active and passive
devices performnihg ohe drimere electiical 5ve layer, forming a second passivation

layer over the first passivation layer, attaching a carrier
to the second passivation layer, removing the first
substrate, forming a non-silicon substrate over the first
insulating layer on the backside of the semiconductor device,
and removing the carrier.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps
of providing a first substrate on a backside of the
semiconductor device, forming an insulating layer over the
first substrate, forming a passive circuit element over the
insulating layer, forming a passivation layer over the
passive circuit element, attaching a carrier to the
passivation layer, removing the first substrate, forming a
non-silicon substrate over the insulating layer on the
backside of the semiconductor device, and removing the
carrier.

In another embodiment, the present invention is a
semiconductor device comprising a non-silicon substrate and
an insulating layer is formed over the non-silicon substrate.
A passive circuit element is formed over the insulating
layer. A passivation layer is formed over the passive
circuit element. An under bump metallization is formed over
the passivation layer in electrical contact with the passive
circuit element. A solder bump is formed on the under bump

metallization.



functions. For a given wafer, each die from the wafer typically performs the same electrical function.
Front-end manufacturing generally refers to formation of the semiconductor devices on the wafer. The
finished wafer has an active side containing the transistors and other active and passive components.
Back-end manufacturing refers to cutting or singulating the finished wafer into the individual die and then
packaging the die for structural support and/or environmental isolation. A semiconductor wafer
generally includes an active surface having semiconductor devices disposed thereon, and a backside
surface formed with bulk semicGTdftoPREEEHRTERY, SficohreTRE AkERNIide surface contains a plurality
of semiconductor die. The active surface is formed by a variety of semiconductor processes, including
layering, patterning, dopin%IaBnd fieat treatment. Irﬂlthe Iaé/ering ocess, s miconducci% materials are
grown or deposited on the su étratelbsy technigués ﬁﬁ/ofvﬁgl hérmal oxidation, nitridation, chemical vapor
deposition (CMD) phybkicabwapordepdsitior {PVD)  evdporationcand sputteeingePhotalithography
involves the masking of,argas of the sytface and.etching away undesired.material to form specific

structures. The doping process injects concentrations of dopant material by thermal diffusion or ion
implantation. Flip ERipSsemrcofitluctor paickages andrwafet e vél gatkages (WLP) are commonly
used with integrated siredits HEs) demanding high speedrhigh.density, and greater pin count. Flip chip
style semiconductor device 10 involyes mounting an active area 12 of die 14 facedown toward a chip

carrier substrate or printed citeuit-boatd TP CEBI 16, as Shown T FIGC L AGHIUE Aréa 15 (Shtains active and
passive deviceg)spnductive layers, and dielectric layers according to the electrical design of the die. The

electrical and mechanical Ipterconnect;is achieved through a saqlder bump strycture 20,comprising a large

number of individual conductive solder bumps or balls 22. The solder bumps are formed on bump pads or
Interconnect 8it@s 241 wiieh ardispased BifactRieSarea 2. The bump pads 24 connect to the active

circuits by conduction tracksrif active1argarl2 cEhe solder bymps 22 are lectrgally,and mechanically
connected to contact pads or Interconnect sites 26 on carrier substrate 16 bgr%a solder reflow process. The

flip chip semicondGEor HRVIE FrovidEy a BAGR eléctidll coNGctioropah iR thettive devices on die

14 to conduction tracks on carrier substrate 16 in order to reduce signal propagation, lower capacitance,
and _achieve overal! be_tter ci(qﬁgttg%r{%rg@écsecr iption F&Qstﬁg-?&rgl‘%gatses a process of forming a
semiconductor device including Integrated passive circuit devices (IPD) o’ semiconductor wafer 28. In
FIG. 2a, a low cost dummy substrate 30 is provided which is made with silicon (Si) dummy wafer material.
An insulating layer 32 is deptRite8 o 8bstPate30: Thel instfatimiiager 32 i€ htadd withilicon nitride
(SixNy), silicendiaxide (RL02)qsiligen oxynitride (SIRQN) taptalum pentexiderdal08s), zikcon (Zr02),
aluminum oxide (Al203) or other material having dielectric insulation properties. The deposition of
insulating lay&r 32" mdy Tfvsive PVD . EV D, printihg sid sihtévg fith thidkhes&e¥€Fafding from about
500A to 501anmnianr atemnativesembodiment;, insulatirgn layen 32shaga ¢hickadss ranging4rom 1000A to
5000A. An electrica nductive is for insulating layer ing a patterning and
deposition prggestgecg%él?cty\%%gl%y%%%4 %%Iﬁyb% ?nﬁa%e{%vlét?ﬁgﬁ?r%ﬁ{r?én%%A% é%rﬁﬁ\%n? %ﬁ]éy?lgopper (Cu),
tin (Sn), nick@l (), ool pRER sileecAd)Y of bitfer dlééttitafly €Bndbetivie mdtéaal With bptional adhesion

and barrier laygrs Haderneath or sandwiching the dainhody-afinsulating layer 32. The adhesion and
barrier layers can be titanium (Ti), titanium tungsten (TiW), titanium nitride (TiN), tantalum (Ta), or
tantalum nitri@&@ ARG SPHE dRPoSRtbn 6T CoHUULEvE 18yer'34 usBS PYID VD EleGiFi¥fic Blating or
electroless platiag proeesses: as def Anrkesistivedayen3pésipatiermedi ard aeposited on conductive layer
34 and insulating.layer 32. Resistive layer 36 is made with tantalum silicide (TaSi2) or, other metal
Siicides, TN A e (s TR ok oAt B ALy S SbBLLS to 1000hmisg. n
an alternativelembbeiment, resistive layer 36 has a resistivity of 7 to 100hm/sq The deposition of resistive

layer 36 may involve PVD erCVR with-thicknesses saatching:designed sprface registviy (Rs).
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other

active and passive devices performing one or more electrical
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An insulating layer 38 is formed over and around resistive layer 36 using a patterning and deposition
process. The portion of insulating layer 38 over conductive layer 34 is formed so as to provide an opening
to expose resistive layer 36 as shown, for interconnection. The insulating layer 38 is made with SixNy,
5i02, SION, Ta205, ZnO, Zr02, Al203, or other material having dielectric insulation properties. The
deposition of insulating layer 38 may involve PVD, or CVD with a thickness of about 100A to 4000A.

An electrically conductive layer 40 is patterned and deposited over insulating layer 32 and resistive layer
36. Electricaly'é6itdititive lajjéra? shd 8hortdRof corblictive 1ayePa0- e pdtéiied and deposited over
insulating layet;88aind kesistivedayer 86 dheugh the-opening in nswating layer 38n Therdadividual
portions of conduc 'veéaéers 40 and 42ﬁfan beéelectricall%comrrgon ore cttlgcally isolated depending on
the connectivrﬂ?/n& A& idividtia Gevices férmed on substrate 30; J(f)onnaouctive?ayers 40 and 42 can be
made with Als€ui opothertalectiieally eonductivee matéral with optibnak cdrductivecadiesion and barrier
layers. The deposition.ef conduictive layers 40 and 42.uses;a PYR, GYP, slecirolytic plating or electroless

plating process. A passivation layer 44 is formed over the structure described above for structural
support and pRYSiEa HhtlSlet gt isotation. Pasdivatish Ayer 4398 ¢hesents Have dgovd selectivity to a

silicon etchant go-it gandie usedyasan atghingstopnlayes Passivationlayer B4 canbe nade with one or
more layers of 'SiXNPfQSit N4, SiN, Si02, SION, p Iiyimide (PI), benzocgflobutene 1sBCE , polybenzoxazole
I

(PEO), or othet nglligting fratBASK 29p6ition st sassivation lal8F 247is tefioved Usifng &' ask-defined

etching processvtorexposetecondusctiVetiayers 40 and 42. Electrically conductive layers 46 and 48
are formed by patterning and deposiion,as shown LpyeLA8 Acts gs the adhesion and papjer layer for

conductive layer 48. The individual portions of conductive layers 46 and 48 can be electrically common or
electrically is6laféd @8 pBAYiE oI HiE ESRAEETIALY cftHe iRdivituaPaavitesierned orrddbstrate 30. For

example, one,pertionef canductive dayel46 sontacts cendugtiveslayer 40 whileanother portion of
conductive layer 46 contacts conductive layer 42, which is electrically Isolated from conductive layer 40.

Conductive 1&8/ets 46°hay SRBlude TISTRNT ERfomMILNT (EAF TaC5r TRNE Brbthér Bredhifcatiy conductive
material. Condtictive layerditcan beimadeTuith At tCueorsathes @lectrcally-cenductive material. The
deposition Of&gpgggg\/%pygé%flgo%%égoursegr%Eé/s%’es, including layering,

patterning, doping, and heat treatment. In the layering

process, semiconductor materials are grown or deposited on

the substrate by techniques involving thermal oxidation,

nitridation, chemical vapor deposition (CVD), physical vapor

deposition (PVD), evaporation, and sputtering.

Photolithography involves the masking of areas of the surface

and etching away undesired material to form specific

structures. The doping process injects concentrations of

dopant material by thermal diffusion or ion implantation.

Flip chip semiconductor packages and wafer level

packages (WLP) are commonly used with integrated circuits

(ICs) demanding high speed, high density, and greater pin

count. Flip chip style semiconductor device 10 involves

mounting an active area 12 of die 14 facedown toward a chip

carrier substrate or printed circuit board (PCB) 16, as shown



CVD, electrolytic plating or electroless plating process. A passivation layer 50 is formed over
passivation layer 44 and conductive layer 48 for structural support and physical and electrical isolation.
Passivation layer 50 can be made with SixNy, S102, SION, PI, BCE, PEO, or other insulating material. A
portion of passivation layer 50 is removed using a mask-defined etching process to expose conductive
layer 48, which is later used in the formation of the solder bump. An electrically conductive

adhesive layer 52 is deposited on conductive layer 48. Adhesive layer 52 can be made with Ti, TIW, Cr,
Ni, or Ta. Next? efedtricdlly crductvedagér 54 i€ aBpasited 8h adffesiellay@r 52V €onductive layer 54

can be madeqwith A,sCu-SAANGAWAT Qether electicallyeconductiveymaterial Alternately, conductive
layer 54 may contain multiple layers including a_barrier layer and wetting |ayer. The barrier layer can be

N mickelvar ORI oSO (g T and TN T et 1S5 can be Gu. Ad, or
Ag. Condactive: layens S2canth 54 ttonstiute eevendarrbumpimetadlizadien (UEM) structure for the

solder bump._[he depositiop OJ&%‘QHQW '%Veféﬁgea%%ﬁée%seéfa PVD..G\MP, ;electrolytic plating or

electroless plating process followed by etching. The UBM etchant can vary depending on specific UBM
structure. FoFEXaMple. The Btditit BHTRSs A7 RthSL L 15% Aitfc aeitPard BY%acstRt acid. The

etchant can besAfsqvith 76urddophospberic acid apdnk38%sacetic aaid. Fhewtchaat for Ti can be 1%
buffered hydrofluoric a}égid SHF). , Thelr'ght-r%\}cl)st conductiv Iaé/%r 40 can be used kI;or a wire bond
pad. ConducfiVETay/ers 52" artt 54 fhay t5der the wirhond bal #51°a §ood B8 ical Sortiéction.

In EIG. 2b, adhesive qudercﬁﬁiisﬁeposuedmihe strutlre fd;medﬁﬂﬁGaﬁaaAl@mpdTﬁey yvafer carrier
58 is bonded Jp aghesive.|ayes 56.an.a Jran! side.of wafer. 268 forhandingand 0. suapart fhe individual

semiconductor die without substrate 30. The carrier 58 can be glass, metal, or other rigid material. The
adhesive layéio56 eBRIE-abtifhite @ andNGREEWITIT BltrafAGIEE (V) RghtCarRéat substrate

16 by a solder reflow process. The flip chip semiconductor
device provides a short electrical conduction path from the
active devices on die 14 to conduction tracks on carrier
substrate 16 in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.
FIGs. 2a-2e illustrates a process of forming a
semiconductor device including integrated passive circuit
devices (IPD) on semiconductor wafer 28. In FIG. 2a, a low
cost dummy substrate 30 is provided which is made with
silicon (Si) dummy wafer material. An insulating layer 32 is
deposited on substrate 30. The insulating layer 32 is made
with silicon nitride (SixNy), silicon dioxide (Si02), silicon
oxynitride (SiON), tantalum pentoxide (Ta205), zircon (Zr02),
aluminum oxide (A1203) or other material having dielectric
insulation properties. The deposition of insulating layer 32
may involve PVD, CVD, printing and sintering with thicknesses
ranging from about 500A to 50um. In an alternative
embodiment, insulating layer 32 has a thickness ranging from

10004 to 5000A.



In FIG. 2c, dummy substrate 30 is removed by back grinding, silicon wet etching, plasma etching, or
chemical mechanical polishing (CMP). In one embodiment, the silicon wet etchant can be 0.5-10% HF
and 0.5-10% hydrogen peroxide (H202). After removing dummy substrate 30, additional step cutting or
trench may be performed on the saw street with standard dicing or wafer process to reduce potential
warpage of semiconductor wafer 28 after molding or lamination. In FIG. 2d, non-silicon substrate
62 having a high resistivity of approximately 10000hm-cm is formed on the backside of wafer 28 after
plasma cleaning or proper%t%%éﬁiﬁé?ﬁ/ ndiRg e stibstrate frinddlating1ay8F 32 Substrate 62 is
made of a nonrsiliaen majeniaksichaas ghassy glasssfierreinforcatiepexpeampssite, molding compound,
and other polymer matrix composite with high resjstivity and proper loss tangent. For example, EMC
G770 with K VARG oS e e o EhgbAt Blo00hu 1 T AE i S 1Ry 12 ohm-crn.
Alternatively, M8hiBE#6 23 (H)yhas appss tatigent 0:01 at 26Hz andlveluniBresistivity 1e15 ohm-cm. In
another embadiientsSubstiate;63 is caatedptinied solded, ot laminated opnsplaling layer 32 and

then cured. Saw streets with taper may be applied in the molding process. n FIG. 2e, adhesive
layer 56 and tafrierB8 ar rem6ved either Beforedraffer wardPsiguratiom 9t Blettrically conductive

solder materighisdepositeg over cenductiveJayars Ssand Sdiraugh a solder paste printing, solder ball
attaching, elecérolyti,c plating or electroless plating process. The splder material can be any metal or
electrically coan&hec%i\l/gnmﬁt%%ia}ﬂaéﬁfegn, 8§8 1BbT. i, A0, ‘Ag: U Bisrhbtrinitd 181§ 4R alloys thereof, or
mixtures of otheradectnicallyi sondudtivennatenalt inidre Embodimentttnbusoldérinaterial is 63 percent

weight of Sn and37, percen wejght af Rb. The solder material js reflowed by heating the conductive

material above its melting point to form spherical ball or bump 66. In one embodiment, solder bump 66 is
about 75 lam3fi Hetgtit. FY BonfeVapplcktiohs Csaltef bahid-669s Peflced Brsecdndl time tdlmprove
electrical contactda dhe 4BM structure. A plurality of solder bumps like 66 is formed on the semiconductor
device. The combination of conductive layer 34, insulating layer 38, and conductive layers 42a,
46a, and 48a constitute an' Infeytattd Passidd Gevice (HPDY habHy Esbadifive properies, i), a
metal-insulatormetal-(WkMV ) capacitos. Redisiive ldyars3Halage 36bprovidiesresistorelemyents to the
passive circuL;BTQg e u(ij\/ealtvaqrin't%irctuailtrl sCCQeurpnatsic_i 'isishown l'?:gécfz?’ (I\)/IrIMO%%%q:citor t381Includes the

: d :
conductive layers defining nodes 34 an% 42a. Resugt%)r %Ga is provided betweenmr?oc?es 34 and 42b.

Resistor 36b s picvides betatien nodes 40 dAd 40b. TheNorrluctive $ayerdsb ’iidd frductor on

semiconducterwafer 28..The cendugtiveayeristypically warnd.er ceiled innplan view on the surface of
substrate 62 to Eroduce or exhibit the desired inductive properties, as shown by the three regions 48b in

the cross-sectibhal VieW SFFREC2ETIRE basSive ‘dirchiteleménts afe Biettrcdify cotinettéd to one or
more of the sefder hismps Gbrthsougitaenduetive tayen 48 The abhoved® Ds:¢an pesforarone or more

decnmalﬂm?ﬂ%ﬂ%§%§%@%E%@“%VBa%ngrtiJ% %%sses matching designed surface

resistivity (Rs).
An insulating layer 38 is formed over and around

resistive layer 36 using a patterning and deposition process.
The portion of insulating layer 38 over conductive layer 34
is formed so as to provide an opening to expose resistive
layer 36 as shown, for interconnection. The insulating layer
38 is made with SixNy, Si02, SiON, Ta205, Zn0O, Zr02, Al203,
or other material having dielectric insulation properties.
The deposition of insulating layer 38 may involve PVD, or CVD

with a thickness of about 100A to 4000A.



FIG. 4 lllustrates an embodiment with an adhesive layer 68 formed between non-silicon substrate 62 and
the IPDs. Adhesive layer 68 can be made with epoxy based or mixed resin adhesives. FIG. 5
lllustrates a via or trench 70 made in passivation layer 44 and insulating layer 32 to enhance the structural
integrity between substrate 62 and IPD structure. Vias 70 can be filled with the same material as
substrate 62 or adhesive 68. In summary, the IPDs have been formed using a low cost sacrificial

substrate 30. A temporary carrier holds the semiconductor die together until the non-silicon substrate 62
is formed on the backside 6ftHelwafer: FRé NorcsMiesT shibstrafi’ra v £8sPaitérRatiFe to silicon such
as a polymerdnatrixegppesite filnaglassuoeamolding cpmpaundrkhe-abave precessyisyolving the

non-silicon substrate re Ia(:eg\;i{ﬁ1 use of a high cost silicon wafer having high, resistivity as commonly
used in the p%%sr' art‘.Elegtrl ?ll% ocnoen?f}‘1 Fn%geerilﬁggiﬁeéln § o?rt]ho?a %rgjsoe%%r?\rllerﬁlgon have been
illustrated in detadptheliskilléd agtisaddwiliappreciate tkat modifitations aed adaptations to those

embodiments may, g mage withpusdeparting fram;the scope of the presentinvention as set forth in the
following claims. Claims
opening in insulating layer 38. The individual portions of

conductive layers 40 and 42 can be electrically common or
electrically isolated depending on the connectivity of the
individual devices formed on substrate 30. Conductive layers
40 and 42 can be made with Al, Cu, or other electrically
conductive material with optional conductive adhesion and
barrier layers. The deposition of conductive layers 40 and
42 uses a PVD, CVD, electrolytic plating or electroless
plating process.

A passivation layer 44 is formed over the structure
described above for structural support and physical and
electrical isolation. Passivation layer 44 is chosen to have
good selectivity to a silicon etchant so it can be used as an
etching stop layer. Passivation layer 44 can be made with
one or more layers of SixNy, Si3N4, SiN, Si02, SiON,
polyimide (PI), benzocyclobutene (BCB), polybenzoxazole
(PBO), or other insulating material. A portion of
passivation layer 44 is removed using a mask-defined etching
process to expose conductive layers 40 and 42.

Electrically conductive layers 46 and 48 are formed
by patterning and deposition as shown. Layer 46 acts as the
adhesion and barrier layer for conductive layer 48. The
individual portions of conductive layers 46 and 48 can be
electrically common or electrically isolated depending on the

connectivity of the individual devices formed on substrate



What is claimed: 1.A method of making a semiconductor device, comprising: providing a silicon

semiconductor substrate;

forming passive circuit elements including a capacitor and inductor over the

silicon semiconductor substrate by, (a) forming a first insulating layer over the silicon semiconductor
substrate, (b) forming a first conductive layer over the first insulating layer, (c) forming a second
insulating layer over the first conductive layer, (d) forming a second conductive layer over the second

insulating layer,
g y3o.

For example, one portion of conductive layer 46 contacts

conductive layer 40, while another portion of conductive

layer 46 contacts conductive layer 42, which is electrically

isolated from conductive layer 40. Conductive layers 46 may

include Ti, TiW, chromium (Cr), Ta, or TaN, or other

electrically conductive material. Conductive layer 48 can be

made with Al, Cu, or other electrically conductive material.

The deposition of conductive layers 46 and 48 uses a PVD,

CVD, electrolytic plating or electroless plating process.

A passivation layer 50 is formed over passivation

layer 44 and conductive layer 48 for structural support and

physical and electrical isolation. Passivation layer 50 can

be made with SixNy, Si02, SiON, PI, BCB, PBO, or other

insulating material. A portion of passivation layer 50 is

removed using a mask-defined etching process to expose

conductive layer 48, which is later used in the formation of

the solder bump.

An electrically conductive adhesive layer 52 is

deposited on conductive layer 48. Adhesive layer 52 can be

made with Ti, Tiw, Cr, Ni, or Ta. Next, electrically

conductive layer 54 is deposited on adhesive layer 52.

Conductive layer 54 can be made with Al, Cu, Sn, Ni, Au, Ag,

or other electrically conductive material. Alternately,

conductive layer 54 may contain multiple layers including a

barrier layer and wetting layer. The barrier layer can be

Ni, nickel wvanadium (NiV), chromium copper (CrCu), TiW, and

TaN. The wetting layer can be Cu, Au, or Ag.

Conductive layers 52 and 54 constitute an under

bump metallization (UBM) structure for the solder bump. The

deposition of conductive layers 52 and 54 uses a PVD, CVD,

10



(e) forming a third conductive layer over the first insulating layer and disposed apart from the first
conductive layer, (f) forming a first passivation layer over the first, second, and third conductive
layers, (g) forming a fourth conductive layer over the first passivation layer, the fourth conductive
layer including individual portions in electrical contact with the second and third conductive layers to form
multiple passive circuit elements, (h) forming a second passivation layer over the fourth conductive
layer and first passivation layer,and (i) removing a portion of the second passivation layer to expose

the fourth co Vedayer-C Plattaciinga Edrfiel ¥6 e Se£diid pREsmARoN Tayer OpFUERe the silicon
semiconductessusiratey .  Temaying thecsilicen semicenduciepsubstratednith paek grinding, silicon

wet etching, plagma etching, or chemical mechanica) polishing (CMP) to.exnese, e first insulating layer;
11.15% nitric acid and 6.3% acetic acid. The etchant can be
A75 with 75.74% phosphoric acid and 7.35% acetic acid. The
etchant for Ti can be 1% buffered hydrofluoric acid (HF).

The right-most conductive layer 40 can be used for
a wire bond pad. Conductive layers 52 and 54 may cover the
wire bond pad for a good electrical connection.

In FIG. 2b, adhesive layer 56 is deposited over the
structure formed in FIG. 2a. A temporary wafer carrier 58 1is
bonded to adhesive layer 56 on a front side of wafer 28 for
handling and to support the individual semiconductor die
without substrate 30. The carrier 58 can be glass, metal, or
other rigid material. The adhesive layer 56 can be activated
and cured with ultraviolet (UV) light or heat.

In FIG. 2c, dummy substrate 30 is removed by back
grinding, silicon wet etching, plasma etching, or chemical
mechanical polishing (CMP). In one embodiment, the silicon
wet etchant can be 0.5-10% HF and 0.5-10% hydrogen peroxide
(H202) . After removing dummy substrate 30, additional step
cutting or trench may be performed on the saw street with
standard dicing or wafer process to reduce potential warpage
of semiconductor wafer 28 after molding or lamination.

In FIG. 2d, non-silicon substrate 62 having a high
resistivity of approximately 1000ohm-cm is formed on the
backside of wafer 28 after plasma cleaning or proper wet
cleaning by bonding the substrate to insulating layer 32.
Substrate 62 is made of a non-silicon material such as glass,

glass fiber reinforced epoxy composite, molding compound, and

11



disposing a non-silicon substrate over the first insulating layer opposite the second passivation layer;
removing the carrier; forming an electrical interconnect over the second passivation layer; and
singulating the non-silicon substrate. 2. The method of claim 1, wherein the non-silicon substrate is made
with a material selected from the group consisting of glass, molding compound, epoxy, polymer, and
polymer composite. 3. The method of claim 2, wherein the non-silicon substrate is made of a material
with a resistivity of approximately 1000 ohnm-cm. 4. The method of claim 1, wherein the fourth conductive
layer is coile® bR%Re Firstpassivition fayerte Raveé an'indlctvé praierty® t 57 The mgthod of claim 1,
wherein the fisstara seeerd €ondustive layers andnpesecond insulating tayer Rave.a capacitive property.

3.7 has a loss tangent 0.009 up to 15GHz, and volume
resistivity le'? ohm-cm. Alternatively, MSL-BE-67G(H) has a
loss tangent 0.01 at 2GHz and volume resistivity le'® ohm-cm.
In another embodiment, substrate 62 is coated, printed,
molded, or laminated on insulating layer 32 and then cured.
Saw streets with taper may be applied in the molding process.
In FIG. 2e, adhesive layer 56 and carrier 58 are
removed either before or after wafer singulation. An
electrically conductive solder material is deposited over
conductive layers 52 and 54 through a solder paste printing,
solder ball attaching, electrolytic plating or electroless
plating process. The solder material can be any metal or
electrically conductive material, e.g., Sn, lead (Pb), Ni,
Au, Ag, Cu, bismuthinite (Bi) and alloys thereof, or mixtures
of other electrically conductive material. In one
embodiment, the solder material is 63 percent weight of Sn
and 37 percent weight of Pb. The solder material is reflowed
by heating the conductive material above its melting point to
form spherical ball or bump 66. In one embodiment, solder
bump 66 is about 75 pm in height. 1In some applications,
solder bump 66 is reflowed a second time to improve
electrical contact to the UBM structure. A plurality of
solder bumps like 66 is formed on the semiconductor device.
The combination of conductive layer 34, insulating
layer 38, and conductive layers 42a, 46a, and 48a constitute
an integrated passive device (IPD) having capacitive
properties, i.e., a metal-insulator-metal (MIM) capacitor.

Resistive layers 36a and 36b provide resistor elements to the

12



6. The method of claim 1, further including: forming an under bump metallization over the second
passivation layer; and forming a bump on the under bump metallization. 7. The method of claim 1, further
including forming a resistive layer over the first insulating layer. 8. A method of making a semiconductor
device, comprising: providing a silicon semiconductor substrate; forming a passive circuit element over

the silicon semiconductor substrate, including: forming a first insulating layer over the silicon
semiconductor substrate, forming a first conductive layer over the first insulating layer,
passive circuit. he equivalent circuit schematic is shown
in FIG. 3. MIM capacitor 38 includes the conductive layers

defining nodes 34 and 42a. Resistor 36a is provided between
nodes 34 and 42b. Resistor 36b is provided between nodes 40a
and 40b. The conductive layer 48b is an inductor on
semiconductor wafer 28. The conductive layer is typically
wound or coiled in plan view on the surface of substrate 62
to produce or exhibit the desired inductive properties, as
shown by the three regions 48b in the cross-sectional view of
FIG. 2e. The passive circuit elements are electrically
connected to one or more of the solder bumps 66 through
conductive layer 48. The above IPDs can perform one or more
electrical functions such as a filter, balun, or diplexer.

FIG. 4 illustrates an embodiment with an adhesive
layer 68 formed between non-silicon substrate 62 and the
IPDs. Adhesive layer 68 can be made with epoxy based or
mixed resin adhesives.

FIG. 5 illustrates a via or trench 70 made in
passivation layer 44 and insulating layer 32 to enhance the
structural integrity between substrate 62 and IPD structure.
Vias 70 can be filled with the same material as substrate 62
or adhesive 68.

In summary, the IPDs have been formed using a low
cost sacrificial substrate 30. A temporary carrier holds the
semiconductor die together until the non-silicon substrate 62
is formed on the backside of the wafer. The non-silicon
substrate is a low cost alternative to silicon such as a
polymer matrix composite film, glass, or molding compound.
The above process involving the non-silicon substrate

replaces the use of a high cost silicon wafer having high
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forming a first passivation layer over the first conductive layer, forming a second conductive layer
over the first passivation layer in electrical contact with the first conductive layer and coiled to exhibit an

inductive property, and forming a second passivation layer over the first passivation layer and second
conductive layer, attaching a carrier to the second passivation layer opposite the silicon
semiconductor substrate; removing the silicon semiconductor substrate to expose the first insulating

layer; disposing a non-silicon substrate over the first insulating layer opposite the second passivation
layer; removin§ tHé chrrédry antl SRGNIAHNY tHE FONSilicAT sHbStrated T © -

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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9. The method of claim 8, wherein the non-silicon substrate is made with a material selected from the
group consisting of glass, molding compound, epoxy, polymer, and polymer composite. 10. The method
of claim 8, further including: forming a third conductive layer over the first insulating layer and
disposed apart from the first conductive layer; forming a second insulating layer over the third
conductive layer; and forming a fourth conductive layer over the second insulating layer, the fourth
conductive layer including individual portions in electrical contact with the second and third conductive
layers. 11. The method of claim 10, wherein the FHREETd fourth conductive layers and the second
insulating layer have a capacitive property. 12. The method of claim 8, further including: forming an
under bump W%%Ilizlastiocrlg\{%re@e second passivation layer; and

1. A method of making a semiconductor device, comprising:
providing a silicon semiconductor substrate;
forming passive circuit elements including a

capacitor and inductor over the silicon semiconductor

substrate by,

(a) forming a first insulating layer over the silicon
semiconductor substrate,

(b) forming a first conductive layer over the first
insulating layer,

(c) forming a second insulating layer over the first
conductive layer,

(d) forming a second conductive layer over the second
insulating layer,

(e) forming a third conductive layer over the first
insulating layer and disposed apart from the first
conductive layer,

(f) forming a first passivation layer over the first,
second, and third conductive layers,

(g) forming a fourth conductive layer over the first
passivation layer, the fourth conductive layer including
individual portions in electrical contact with the second and
third conductive layers to form multiple passive circuit
elements,

(h) forming a second passivation layer over the fourth

conductive layer and first passivation layer, and
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forming a bump on the under bump metallization. 13. The method of claim 8, further including forming a
resistive layer over the first insulating layer. 14. A method of making a semiconductor device, comprising:
providing a silicon substrate; forming a first insulating layer over the silicon substrate; forming an
integrated passive device including an inductor or capacitor over the first insulating layer; forming a
second insulating layer over the integrated passive device; attaching a carrier to the second insulating

layer; removing the silicon substrate to expose the first insulating layer; .
(1) removing a portion of the second passivation layer

to expose the fourth conductive layer;

attaching a carrier to the second passivation layer
opposite the silicon semiconductor substrate;

removing the silicon semiconductor substrate with back
grinding, silicon wet etching, plasma etching, or chemical
mechanical polishing (CMP) to expose the first insulating
layer;

disposing a non-silicon substrate over the first
insulating layer opposite the second passivation layer;

removing the carrier;

forming an electrical interconnect over the second
passivation layer; and

singulating the non-silicon substrate.

2. The method of claim 1, wherein the non-silicon substrate
is made with a material selected from the group consisting of
glass, molding compound, epoxy, polymer, and polymer

composite.

3. The method of claim 2, wherein the non-silicon substrate
is made of a material with a resistivity of approximately

1000 ohm-cm.
4. The method of claim 1, wherein the fourth conductive

layer is coiled on the first passivation layer to have an

inductive property.
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forming a non-silicon substrate over the first insulating layer opposite the carrier; and removing the
carrier. 15. The method of claim 14, wherein the non-silicon substrate is made with a material selected
from the group consisting of glass, molding compound, epoxy, polymer, and polymer composite. 16. The
method of claim 14, further including: forming an under bump metallization over the second insulating
layer in electrical contact with the integrated passive device; and forming a bump on the under bump

metallization. 17. A method of making a semiconductor device, comprising: (Erowdlng a silicon substrate;
5. The method of claim 1, wherein the first and second

conductive layers and the second insulating layer have a

capacitive property.

6. The method of claim 1, further including:
forming an under bump metallization over the second
passivation layer; and

forming a bump on the under bump metallization.

7. The method of claim 1, further including forming a

resistive layer over the first insulating layer.

8. A method of making a semiconductor device, comprising:
providing a silicon semiconductor substrate;
forming a passive circuit element over the silicon
semiconductor substrate, including:

forming a first insulating layer over the silicon
semiconductor substrate,

forming a first conductive layer over the first
insulating layer,

forming a first passivation layer over the first
conductive layer,

forming a second conductive layer over the first
passivation layer in electrical contact with the first
conductive layer and coiled to exhibit an inductive property,
and

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

attaching a carrier to the second passivation layer

opposite the silicon semiconductor substrate;
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forming a first insulating layer over the silicon substrate; forming a first conductive layer over the first
insulating layer; forming a first passivation layer over the first conductive layer; forming a second
conductive layer over the first passivation layer in electrical contact with the first conductive layer;
forming a second passivation layer over the second conductive layer, wherein the first and second
conductive layers, and first and second passivation layers form a passive circuit element; attaching a
carrier over the second passivation layer opposite the silicon substrate; removing the silicon substrate to
exposethestthUEﬁW&Y%@%nthe silicon semiconductor substrate to expose

the first insulating layer;
disposing a non-silicon substrate over the first
insulating layer opposite the second passivation layer;
removing the carrier; and

singulating the non-silicon substrate.

9. The method of claim 8, wherein the non-silicon substrate
is made with a material selected from the group consisting of
glass, molding compound, epoxy, polymer, and polymer

composite.

10. The method of claim 8, further including:

forming a third conductive layer over the first
insulating layer and disposed apart from the first conductive
layer;

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

forming a fourth conductive layer over the second
insulating layer, the fourth conductive layer including
individual portions in electrical contact with the second and

third conductive layers.

11. The method of claim 10, wherein the third and fourth
conductive layers and the second insulating layer have a

capacitive property.

12. The method of claim 8, further including:
forming an under bump metallization over the second

passivation layer; and
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disposing a non-silicon substrate over the first insulating layer opposite the second passivation layer;
removing the carrier; and singulating the non-silicon substrate. 18. The method of claim 17, wherein the
non-silicon substrate is made with a material selected from the group consisting of glass, molding
compound, epoxy, polymer, and polymer composite. 19. The method of claim 17, further including:
forming a third conductive layer over the first insulating layer and disposed apart from the first conductive

layer; forming a second insulating layer over the third conductive layer; and
forming a bump on the under bump metallization.

13. The method of claim 8, further including forming a

resistive layer over the first insulating layer.

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

providing a silicon substrate;

forming a first insulating layer over the silicon
substrate;

forming an integrated passive device including an
inductor or capacitor over the first insulating layer;

forming a second insulating layer over the integrated
passive device;

attaching a carrier to the second insulating layer;

removing the silicon substrate to expose the first
insulating layer;

forming a non-silicon substrate over the first
insulating layer opposite the carrier; and

removing the carrier.

15. The method of claim 14, wherein the non-silicon
substrate is made with a material selected from the group
consisting of glass, molding compound, epoxy, polymer, and

polymer composite.

16. The method of claim 14, further including:

forming an under bump metallization over the second
insulating layer in electrical contact with the integrated
passive device; and

forming a bump on the under bump metallization.

19



forming a fourth conductive layer over the second insulating layer, the fourth conductive layer including
individual portions in electrical contact with the second and third conductive layers. 20. The method of
claim 19, wherein the third and fourth conductive layers and the second insulating layer have a capacitive
property. 21. The method of claim 17, wherein the second conductive layer is coiled on the first
passivation layer to have an inductive property. 22. The method of claim 17, further including: forming an
under bump metallization over the second passivation layer; and forming a bump on the under bump
metallization.! 23. The Méthod oFcldifd 1 7t TRABBMG oPMinG B reSistiveTayerovEs the first
insulating layer. 24. A-method @f making ecssemigesdustas device, comprising: providing a semiconductor
SUbSUaKEmCMd”E]%ggﬁfg%ugnggg%xgﬁnsulating layer over the silicon
substrate;

forming a first conductive layer over the first
insulating layer;

forming a first passivation layer over the first
conductive layer;

forming a second conductive layer over the first
passivation layer in electrical contact with the first
conductive layer;

forming a second passivation layer over the second
conductive layer, wherein the first and second conductive
layers, and first and second passivation layers form a
passive circuit element;

attaching a carrier over the second passivation layer
opposite the silicon substrate;

removing the silicon substrate to expose the first
insulating layer;

disposing a non-silicon substrate over the first
insulating layer opposite the second passivation layer;

removing the carrier; and

singulating the non-silicon substrate.

18. The method of claim 17, wherein the non-silicon
substrate is made with a material selected from the group
consisting of glass, molding compound, epoxy, polymer, and

polymer composite.

19. The method of claim 17, further including:
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forming an integrated passive device having capacitive properties or inductive properties over the
semiconductor substrate; forming a second insulating layer over the integrated passive device;
removing the semiconductor substrate to expose the first insulating layer; and forming a non-silicon
substrate over the integrated passive device and first insulating layer. 25. The method of claim 24, further
including forming a resistive layer over the first insulating layer. 26. The method of claim 24, wherein the
non-silicon substrate is made with a material selected from the group consisting of glass, molding

compound, epoxy, polyerarid pBlercBipesite e 272 TRE MEtod Gfclaint 28, wherein the non-silicon
substrate is made 0f aimaterial avithaa desistivitsetiapproximately 1008 ahm-om.c28qdheimethod of claim
24, wherein t?gﬁi/gtregrated passive device includes an inductor, capacitor, or resistor.
forming a second insulating layer over the third
conductive layer; and
forming a fourth conductive layer over the second
insulating layer, the fourth conductive layer including
individual portions in electrical contact with the second and

third conductive layers.

20. The method of claim 19, wherein the third and fourth
conductive layers and the second insulating layer have a

capacitive property.

21. The method of claim 17, wherein the second conductive
layer is coiled on the first passivation layer to have an

inductive property.

22. The method of claim 17, further including:
forming an under bump metallization over the second
passivation layer; and

forming a bump on the under bump metallization.

23. The method of claim 17, further including forming a

resistive layer over the first insulating layer.
24. A method of making a semiconductor device, comprising:

providing a semiconductor substrate including a first

insulating layer;
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29. The method of claim 24, wherein forming the integrated passive device includes: forming a first
conductive layer over the first insulating layer; forming a third insulating layer over the first
conductive layer; and forming a second conductive layer over the third insulating layer. 30. The
method of claim 29, wherein forming the integrated passive device further includes forming a third
conductive layer over the second insulating layer, the third conductive layer being coiled to have an

inductive property. 31. The method of claim 24, further including forming an interconnect structure over
the second insulatingdaférandelecticamPEnnétted 18 the itegratea paksivedévicé 1 32. The method
of claim 31, whesgirforaing the iterconnech styettre daclyges: the semiconductor

substrate;

forming a second insulating layer over the integrated
passive device;

removing the semiconductor substrate to expose the first
insulating layer; and

forming a non-silicon substrate over the integrated

passive device and first insulating layer.

25. The method of claim 24, further including forming a

resistive layer over the first insulating layer.

26. The method of claim 24, wherein the non-silicon
substrate is made with a material selected from the group
consisting of glass, molding compound, epoxy, polymer, and

polymer composite.

27. The method of claim 24, wherein the non-silicon
substrate is made of a material with a resistivity of

approximately 1000 ohm-cm.

28. The method of claim 24, wherein the integrated passive

device includes an inductor, capacitor, or resistor.

29. The method of claim 24, wherein forming the integrated
passive device includes:
forming a first conductive layer over the first

insulating layer;
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forming an under bump metallization over the second insulating layer in electrical contact with the
integrated passive device; and forming a bump on the under bump metallization.

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

insulating layer.

30. The method of claim 29, wherein forming the integrated
passive device further includes forming a third conductive
layer over the second insulating layer, the third conductive

layer being coiled to have an inductive property.

31. The method of claim 24, further including forming an
interconnect structure over the second insulating layer and

electrically connected to the integrated passive device.

32. The method of claim 31, wherein forming the interconnect
structure includes:

forming an under bump metallization over the second
insulating layer in electrical contact with the integrated
passive device; and

forming a bump on the under bump metallization.

23



