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, mdustrlal controllers, and offlce equ ment. The semiconductor devices

perform a variety oFEP&%ﬁ%\H? sﬁ?g ﬁ%ﬁc&ﬁEFsGRATED The
manufacture of semiconductor dewces mvolf Yﬁ]a?EXquEéswafer 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-endFagAgfaefurfegdmeiany +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-endgnanufactwing refersstosewiting or gingidating the finished wafer into
the individual d|e and then packgglng the dle or .
miconductor vitce , 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 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 substrafe-israchiéved tHrbugh @ Solder Bt Stidcttife¢6mpfi8ing a large number of
conductive solder bumps anballgothe soldesbiaps ace formechby aseflewnprocess applied to solder
material deposited on contact pads which akrﬁ disposeg or]Cthe sem'ic.onéifctor subﬁrate. The, solder
bumps are tHehSoldéredl Bthe TCATrisr SUbstrate. The Iﬁdc’ cﬁfﬁ’serﬁlcb% uctor spné% aSé ’prca)\r/ll%es a short
electrical condughiem patm fronythehaetiveadevices onuhe did I¢ thetafriersubstrate. in érdep to reduce
signal propagatiop, jower canacitangeand achieve ouerall better gircyit peformapee,) ar I many

applications, it is desirableto form passive circuit elemeénts, e.g., inductors, capacitors, and resistors, on
the semicondtiétsridid. bkt sficoAsubstratszbased varbrofor Higie® rdtig fredeRpey (RE') applications
as used in a final preduetarehigh-cost itemsrinitpednapufaciuringpracessndhe siliconssubstrate for high
Q RF applications s also known ta have high resistjvity. It is glesirable to eliminate thehsilicon substrate of
high resistivity 31 3emicordiictd davices tantaining Pasiive &PEHESIEMETE 16 Sate Makufacturing costs,
while maintainingrsitcors shbstratesprocesses tSummiary of thétrwehtionCB) . Thr one embodiment, the
present inventipn is a method, of making a semieppdyctor device comprising;the stens of providing a first
substrate on a backside of the semiconductor device, forming a first insulating layer over the first
substrate, forffifig @firsP BoRdGctivetlayef overthecirsehstfairelager, Tomitgra $8€ond insulating layer
over the first gopductive-layer, ferming-a secend sanductivelayergver the-seeandinsulating layer,
forming a third conductive layer over the first insulating layer, forming a first passivation layer over the
first, second, AHEFthird ‘dohductife $5yerEMormirg aF8ltH Cohtticiive fier ovaP thfirst passivation layer
in electrical coatalct withrthe thirtdcanductipe layes, fosmirg aksecondgidssivationdayer over the first
passivation layer, attaching a (i%;éigr o %heeﬁgg]orgpe Igg sivation layer, removing é@e V@(i;rlsitcsrybstrate, forming
a non-silicon substrate over the first insulating layer on the acl?siccie oﬁhe semiconductor device, and
removing theagzgriéi.sposed panbthe? Trilsodifiieht CtheSpresehtinventidh $s aMetiod of making a

semiconducteydewvice comprising thessteps afproviding,a first-subgyate ona bagkside of the
semiconductor device, forming a first insulating layer over the first substrate, forming a first conductive

layer over thé& first ifsitafing fByer forriiy dFirsEFassivitidmiafer ove S the st E6rductive layer, forming
a second conductive tayer guerthe ficst passivationdayelkeiieleetrical eontagt withdheHikst conductive
layer, formin%éarsrelcggd s‘pua}bsss#vation Ia}g—:‘r O\cl%errthg Jir;te %%%seivation Iayer, attachér%q a carrier to the second

passivation layer, removingt & first substrate, forming a non-silicon substrate over thé first insulating

layer on the Backsidecebtheisemicondantdr ddvice] andviensdving ¢ied earrigrrcuit

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



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 Hevice dompHsifg s ABASAICON sulsstrate andcat suldtthgFayéri€formed over the
non-silicon suastrate t Adiassieceireuit elementds formed ovanthedssulating layer. A passivation layer is
formed over the passijve circuit ?Iement. n undetr bumg metallization is formed over the passivation layer
in electrical CORTACE With the Salss%\?é) GirSUit lement. A'Soiger Sl‘j’mp is formed on the under bump
metallization. Brief Description of the Drawings FIG. 1 is a flip chip semiconductor device with
solder bumps providing electrical interconnect between an active area of the die and a chip carrier

substrate; FIGs. 2a-2e illustrate a process of forming integrated passive devices (IPD) on a
wafer; FIG. 3 is an equivalent electric3FER&fivothetippsinvention

In one 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
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



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,
modificationst ARd eduivalértsids My oe Mctided Rithit thespirit 4hd Re8pe 6 the Thviehtish as defined
by the appended:claims and theireguivalents assuppprteshy the follewing diselostiie and«drawings.
The manufacilére of semicogggctgr devices involves forn%ation of a W feglg%\{igg a B%{%@}X of die. Each

. . r ove rs assivatlion ,laver,.1n e )
die contains hdndreds or thousands oF transistors and other active an passive dlewces pertformlng one or

more electricali fundtionst Fos a givend wafer eakhydie fromthe nvafer typically performsathecsame
electrical funqtgf;& LFrg%—gngﬁgawfgggjrmsgqqgr@%gefg@ gq_,forgpgg)&qfntgeaseggigggggctor devices on
i . 1 . ,

the wafer. The finished wafer has an active side containing the transistors and other active and passive
components. Badk2&nd Praiifabifing refersto ittfify of Sihgvildtigtthe finisliéd wafer into the individual

die and then paskagingdhe gig-forsiructurah Suppoet andiememvranmentat isolation. r st A
semiconductor wafer generally includes an activE surface fhaving semicondéjctor devéces, disposed
thereon, and & 5Ack&idé! gurigé/ee forfted With LK SéhicSHdctor Maletale 5 tSificSiT e active side
surface contains! arplurality of sémiconductor.die. The active surface is formed by a variety of
semiconductor processes, ﬁclggiggﬁgggeré%oqﬁtﬁgﬂipg, doping, and heat tregtment. In_the layering

process, semiconductor materials are grown or deposited on the substrate by techniques involving

thermal oxidatioR PitrigAtiB1EkcHEmitaP PapGCasEEiten FEVD) Splysiesl vabed deppsiioPRPVD),

evaporation, gad;spuiteringgPhotolithegraphy invalwes they masking: ekareastafdhe surface and etching
away undesired material to form specific structures. The doping 1E)rocess injects concentrations of dopant

material by tHSHHaT UHUSISR br f6n indlantatight "9 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.



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 in FIG. 1. Active area 12 contains active and passive devices,
conductive layers, and dielectric layers according to the electrical design of the die. The electrical and
mechanical interconnect is achieved through a solder bump structure 20 comprising a large number of
individual conductive solder bufip$SF HARS DL BHECSHI8Er BhpR%AEFBAfed on bump pads or
interconnect sites 24, which are disposed on active area 12. The bump pads 24 connect to the active
circuits by conduction trac Iiél acltive area 12. The solder bum(psdzz are electrically ar]cqlmechanically
connected to contact pads or iritefconnect SiteS 26 on carmer substrate 16 eyval SOIdET reflow process. The
flip chip semieoadectobdeyiceprovidés ey skar @lectriedl conductionpatht flomt teeactive devices on die
14 to conductjon {@(gkgpgac%giegﬁgbgq@tea%@indorcdrg{ﬁo (ggglf(‘i(-‘&igg%gr&pda(g@;ion, lower capacitance,
and achieve overall better circuit performance. FIGs. 2a-2e illustrates a process of forming a
semiconductor device inclidifg intégratéd passierdifctitd&icés 8P D) fonf Sémicshductor wafer 28. In
FIG. 2a, a lowgestdurway substrate 3@ isiproyidedwhickhisanade avith silicon (Si) dummy wafer material.
An insulating layer 32 is de osite% on substrate 30. The insglating ,IaygLr 32 is made v¥ith ﬁilicon nitride
(SixNy), silicon dioxide (Si62)° silicon xvHithds tEORY tahtal i pettoxide (Ta205Y Zifdsn (2r02),
aluminum oxitleD#4203) or other material having dielectric insulation properties. The deposition of
insulating layer 32 may invele, PYD; R, prining and sipiedng it tickngssgs Langing from about
500A to 50m. In an alternative embodiment, insulating layer 32 has a thickness ranging from 1000A to
5000A. nonaf eldctAigalfy ésndirctivedager B2 %5 faritéd on insulating layer 32 using a patterning and
deposition process. Condugtive layer BA.can bednade yithralkminume(Al: aluminum alloy, copper (Cu),
tin (Sn), nickel (Nj), gold (Au), silver (Ag), or other electrically conductive material with optional adhesion

and barrier layers GiRde et of Sanaitichiag tHe Aaif hoty o indiiating 1dyer 32 The adhesion and

barrier layers can be titanium (Ti), titanium tungsten (TiW), titanium nitride (TiN), tantalum (Ta), or

tantalum nitride (TaN). The depQsitiqn.gf ng%lﬁty@ilgxeg%yﬁgslﬂ\é@wigg@, electrolytic plating or

electroless plating processes. A resistive layer 36 Is patterned and deposited on conductive layer
34 and insulating layer 32. Resistive layer 36 is made with tantalum silicide (TaSi2) or other metal
silicides, TaN, nichrome (NI€f), T S6Fdopety polyisificor? hdeingra Resistivity Bfeabout™31000hm/sg. In
an alternative-gmbediragnt resistive layer 36.has; adesistivity 064 1o 10ohpe/sg dhe-depasition of resistive
layer 36 may involve PVD or CVD with thicknesses matching desgned surface resistivity (Rs).

An insulating 14Yer 38 1§ fofmetf ovBHarl arotnd TEafEtvE Tay&E36 tSng & Pattélifg @hd deposition
process. Thegiortidn of éisutating layewi38lavericontuctive iayer 34 isdormetso asitaprovide an opening

t0 expose Teslv GLRYEL 3P A3, oL itetcennectipn The Jngaing, et 2B is yaade ith Sy,
Si02, SION, Ta205, ZnO, Zr02, Al203, or other matérial having dielectric insulation properties. The
deposition of'fisulaiity fyRr BBLMagINPOIvE VD, 6KCVERdithra tHickress dftatfout 100A to 4000A.

intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope of
the invention as defined by the appended claims and their
equivalents as supported by the following disclosure and
drawings.

The manufacture of semiconductor devices involves
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 electrically conductive layer 40 is patterned and deposited over insulating layer 32 and resistive layer
36. Electrically conductive layer 42, and a portion of conductive layer 40, is patterned and deposited over
insulating layer 38 and resistive layer 36 through the 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 d&pBsitibR’st condtiEtive FYETS 4054t 42 2368 £PYD, ‘YD BRctidhfiic plating or electroless
plating processpically Apassivation layes 4ddsdoaned pver the siructure deserbed abave for
structural su%port %nd 1j;oh%/sical and elec‘ltﬁical is%Iation,CPa%sivati%n Ia}yer 44ti}§ chosen to have good
selectivity to a%ilicon etchant'sd it can be Used as an ef)chlr?gr rélfaopll(e)ayeﬁfPasselvation layer 44 can be
made with orecorimonelteyers of ShiNy,sSIBN4; I8iNy $i32; SiONyepalyimide€¢RIl)vbénzodtyctobutene (BCE),

polybenzoxazgle (PEQ). oL ptherinsulating W%@'-&Q%m%&%&%ﬁi\@@{h'@é‘ eL, 44 js Lemoved using a

mask-defined etching process to expose conductive layers 40 and 42. Electrically conductive

layers 46 ancP28 dré $6rhisd By PtietRing -andaeposiiion BRSHGHT Uaye? 46°2&5 astthe adhesion and
barrier layer for eondyctive ayes48aThedndividual pogtiens eteendudtive layersidtiand 48-can be
electrically common or electrically isolated depending on the connectiviiy of the individua) devices formed

on substrate 30> FotexampleP3h& potich bf Gofdictiverlaisr 46 cohtacts BBRANELVE AYRF 40, while

another portiemof condectivellayep 46tcomacts conductive layer 42, which is electrically isolated from

conductive layer 40. Condyctye ayers A6 may ipghude Tl T, £y (GD), Ta, o JaN, or other

electrically conductive material. Conductive layer 48 can be made with Al, Cu, or other electrically
conductive maiértal CFhe AepoSitRFrIeicaHtiuetoe |ayers d6and 48RS & Py CVD2efectrolytic plating

or electrolessplating Pr0eeSSace formed with bulk semiconductor material,
e.g., silicon. The active side surface contains a plurality
of semiconductor die. The active surface is formed by a
variety of semiconductor processes, 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



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, BCE,
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. Conductivé IdyE? 54lcan BE mdGe WithPAlL € BH: NiRAU2 Algt BF offét dléctFit4fly conductive material.
Alternately, casduetive layen&ddvay contaia mayltipledayees including abasrer layes andnyetting layer.
The barrier layer can be Ni, nickel vanadium (N]V), chromium copper (CrCu), TIW, and TaN. The wetting
layer can beag%, tA%e o?e}Aegc.:trlcal ?:%%(lj%réti\?é Iaty}éers <égea'nd gg co%éﬁt%%é‘) %l%alﬁ er ump metallization
(UEM) structuvecfor the solden bemyprifte depositioh of condubtive: ldyess 52 laiek 54 wses a PVD, CVD,

electrolytic plating or glectigless, plating ;process follpwed,py erching.; [hg VBN efchant can vary

depending on specific UBM structure. For example, the etchant for Cu is A70 with 11.15% nitric acid and
6.3% acetic &IPFE etchatit taR b ATB Wit 757406 phosphdhE atiiafd 735%Sacetie acid. The

etchant for Tircanibe 194 bufferee hydrafluorisacid fdhyct sitedheajghinmest eenrductive layer 40 can
be used for a wire bond pad. Conductive Iayer; 52 and 54 may cover the wire bond pad for a good

electrical con?lnleﬁﬁgﬁ.e °n aGHHIE. %ﬁ?%d%eéivqufer@g‘% é’&&&i e%j SVEFRE strutiréFormed in FIG.
2a. A temporantiatercarder 58 idbonded te adbesivedayer 56 oact froat sidezofMafer 28<for handling

and to suppott he dodiyigal ssmiconductor diewithays substiate. 30, The (ayrier.58, gande glass, metal,

r
or other rigid material. The adhesive layer 56 can be activated and cured with ultraviolet (UV) light or
heat. Eth FRS 26 tdmRfTY SubstFdte 3o fRTovettsPbaék gRndmgE SiicoRWettétehing, plasma

etching, or chemical mechanical pelishing dEMR) 4n onerembodiment; thessilicen wat etehant can be
0.5-10% HF and 0.5-10% hydrogen peroxide (H202)., After removing dummy substrate 30, additional step
cutting or trefEH niay B& BErfdfined o thie saw Skt With SIARAA didihCor-Wafer ProtdSs to reduce

potential warpage of semidarducior wateri28 aftercmotding osdamination. 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

1000A to 5000A.



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 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 other polymer matrix composite with high resistivity and proper
loss tangent. For example, EMC G770 with K value of 3.7 has a loss tangent 0.009 up to 15GHz, and
volume resistivity 1e12 ohm-cm. Alternatively, MSL-BE-67G(H) has a loss tangent 0.01 at 2GHz and
volume resistivity 1e15 ohfcrfil fardthat gﬁﬁ‘cﬁiﬁ%ﬁfﬁs‘{ﬁ) 6234 cbatégtflﬁi‘ﬁﬁe&,%olded, or
laminated oninswating tayer 32-and thens curpds Sav streatsnyith tapercmay e applied in the molding
process. In FIG. 2Ce, adhesive layer 56 aﬁg carrie{) 58 ar remotvhed %ithe.r beforfA%r after wafer
singulation. Apnrgl%%?r?cally conductive So f&eﬁateriaf%ndeﬁosﬁ}ae over conductive ?erfi/e §5>and 54
through a soldénpasterprintingy sotderdyall dtfaching,ielecttolytic platkrylor(&lectrotessdplating process.
The solder material can\be.any metal gr.electrically conductive material, £.g-; S0, Jead-(Rh); Ni, Au, Ag,

Cu, bismuthinite (Bi) and alioys thereof, or mixtures of other electrically conductive material. In one

embodiment,"thesofdériinaterial 18163 PertcemEight 6ESnlantE3? percEitiReight 8FPb. The solder

material is reflawed dyrheatinchthercandustive raateria abeve its meking point torfeem spherical ball or
bump 66. In on%gm,bodiment, solder bump 66 is about 75 m in hejght. In some applications, solder bump

66 is reflowed A Second e 8 ihpréve sRETcal CORtE t5 thé stritture" AT of solder
bumps like 66 i forneed di the semicenductomdeviéele (TiN) ,Theacambinatioh=0f,canductive layer 34,

insulating laye, 38, 30 condyetiee layes 42a-46a.and 48a.consifite an.iptagrated passive device (1PD)

having capacitive properties, i.e., am insulator-metal (MIM) capacitor. Resistive layers 36a and 36b
provide resistot eféments/ty theVPassie vt HeCe§divalert cieuit SeRématie 3§ sRoRRIATFIG. 3. MIM
capacitor 38 fneiidessthe 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 semiconductorwafer 8" THe cohttictive layerid hypicaR watifd Srofiéd i pih view on the
surface of substiate62 t@ picduce Griexhibit thes desired inductive gropertiess astshownlby ¢he three

regions 48b ig the cross-sectiqnal view of FIG, 2e. The gaﬁg@ﬁ'rcu{i}t elements are electrically connected
to one or more ofltﬁe solder bumps 66 t?ﬁrough conductive layer 423. Tﬁe above IPDs can perform one or
more electricalifuietigns suéhltas afikdr patun(Mr@iplexéiN, or dEped4niustrates apembodiment with

an adhesive layer 88 farmed petween ponesilieen substrate162 and the IPDsAdhesive layer 68 can be
made with epoxy based or mixed resin adhesives. FIG. 5 illustrates a via or trench 70 made in

passivation |&yer 44 ahd s TR IESRr 32 thehhantéthe Bttictural iféghty etwekh substrate 62 and
IPD structureo¥ias 70 candienfibed withethesame materialfas sghstrates62 aryadhesivaHl.

involve PVD or CVD with thicknesses 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, 7ZnO, Zr02, Al1203,
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.



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 resistivity as commonly used in the prior art. While one
or more embodiments of the present invention have been illustrated in detail, the skilled artisan will
appreciate that modificatioh§ aRdaddptafidrs/ to s EmBeditTeiits mMay be Madé withsut departing from
the scope of theipresens inventienas setfonthdn the fellowing zlaims. rClairs What isyelaimed: 1.A
method of m%ké'r)g aﬁﬁeerg'conduglor deVi%ﬁi com\pri 'g :

rically conductive er 42, and a portion of
conductive layer 40, is patterned and deposited over
insulating layer 38 and resistive layer 36 through the
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, Si0O2, 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



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;

30. 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 1is
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 vanadium (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,
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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

electrolytic plating or electroless plating process followed
by etching. The UBM etchant can vary depending on specific
UBM structure. For example, the etchant for Cu is A70 with
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 is
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
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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. 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 1, wherein the fourth conductive layer is coiled on the first passivation
layer to have an inductive property. 4. The method of claim 1, wherein the first and second conductive

layers and the's&ebnBngtlafing fayer have™® eapacitive properdy resistivity and

proper loss tangent. For example, EMC G770 with K value of
3.7 has a loss tangent 0.009 up to 15GHz, and volume
resistivity 1e'? 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. In 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
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5. The method of claim 1, further including forming a via between the first insulating layer and first
passivation layer. 6. The method of claim 1, further including: forming an under bump metallization
over the second passivation layer; and forming a solder 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 first substrate on a backside of the

semiconductor device;  forming a first insulating layer over the first substrate;
passive circuit. The 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 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 first

resistivity as commonly used in the prior art.

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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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. 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; )
Claims

What is claimed:

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

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.
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forming a second insulating layer over the third conductive layer; and forming a fourth conductive
layer over the second insulating layer. 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,
wherein the second conductive layer is coiled on the first passivation layer to have an inductive property.
13. The method of claim 8, further including forming a via between the first insulating layer and first

passivation layer. 14. The method of claim 8, further including: forming an under bump metallization
over the second passivation layer; and
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 1, wherein the fourth conductive
layer is coiled on the first passivation layer to have an

inductive property.

4. The method of claim 1, wherein the first and second
conductive layers and the second insulating layer have a

capacitive property.

5. The method of claim 1, further including forming a via
between the first insulating layer and first passivation

layer.

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

forming a solder 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 first substrate on a backside of the

semiconductor device;
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forming a solder bump on the under bump metallization. 15. The method of claim 8, further including
forming a resistive layer over the first insulating layer. 16. A method of making a semiconductor device,

comprising: 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 first insulating layer over the first

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 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.

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;

forming a second insulating layer over the third

conductive layer; and

forming a fourth conductive layer over the second

insulating layer.
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forming a non-silicon substrate over the first insulating layer on the backside of the semiconductor device;
and removing the carrier. 17. The method of claim 16, wherein the non-silicon substrate is made with a
material selected from the group consisting of glass, molding compound, epoxy, polymer, and polymer
composite. 18. The method of claim 16, further including forming an adhesive layer between the
non-silicon substrate and first insulating layer. 19. The method of claim 16, further including forming a via
between the insulating layer and first passivation layer. 20. The method of claim 16, wherein the passive
circuit element is an inductor, capacitor, or resistor. 21. The method of claim 16, further including:

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, wherein the second conductive
layer is coiled on the first passivation layer to have an

inductive property.

13. The method of claim 8, further including forming a via
between the first insulating layer and first passivation

layer.

14. The method of claim 8, further including:
forming an under bump metallization over the second
passivation layer; and

forming a solder bump on the under bump metallization.

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

resistive layer over the first insulating layer.

16. A method of making a semiconductor device, comprising:
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;
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forming an under bump metallization over the passivation layer in electrical contact with the passive
circuit element; and forming a solder bump on the under bump metallization. 22. A semiconductor device,
comprising: a non-silicon substrate; an insulating layer formed over the non-silicon substrate; a
passive circuit element formed over the first insulating layer; a passivation layer formed over the
passive circuit element; an under bump metallization formed over the passivation layer in electrical

contact with the passive circuit element; and
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.

17. The method of claim 16, wherein the non-silicon
substrate is made with a material selected from the group
consisting of glass, molding compound, epoxy, polymer, and

polymer composite.

18. The method of claim 16, further including forming an
adhesive layer between the non-silicon substrate and first

insulating layer.

19. The method of claim 16, further including forming a via

between the insulating layer and first passivation layer.

20. The method of claim 16, wherein the passive circuit

element is an inductor, capacitor, or resistor.

21. The method of claim 16, further including:

forming an under bump metallization over the passivation
layer in electrical contact with the passive circuit element;
and

forming a solder bump on the under bump metallization.

22. A semiconductor device, comprising:

a non—-silicon substrate;

19



a solder bump formed on the under bump metallization. 23. The semiconductor device of claim 22,
further including an adhesive layer formed between the non-silicon substrate and insulating layer. 24.
The semiconductor device of claim 22, further including a via formed between the insulating layer and
passivation layer. 25. The semiconductor device of claim 22, wherein the passive circuit element is an
inductor, capacitor, or resistor.

an insulating layer formed over the non-silicon
substrate;

a passive circuit element formed over the first
insulating layer;

a passivation layer formed over the passive circuit
element;

an under bump metallization formed over the passivation
layer in electrical contact with the passive circuit element;
and

a solder bump formed on the under bump metallization.

23. The semiconductor device of claim 22, further including
an adhesive layer formed between the non-silicon substrate

and insulating layer.

24. The semiconductor device of claim 22, further including
a via formed between the insulating layer and passivation

layer.
25. The semiconductor device of claim 22, wherein the

passive circuit element is an inductor, capacitor, or

resistor.
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