WD 2005/ 020250 PCT/ EP2004/ 050918 METHOD OF
FABRI CATION OF THIN FI LM RESI STOR WTH 0 TCR
WORBBRROZEOON Field of the Invention The preseRCT/EP2004/050918

invention relates to sem conductor device

manuf acturing, and nore 5 particularly to a nmethod of

fabricating a thin filmresistor having a

substantially zero "0" tenperature coefficient of

resistivity (TCR). The present invention is also

directed to a nmethod of integrating the thin film

resistor of the present invention with an

i nterconnect structure and/or a netal -insul at or-net al

capacitor (M MCAP). Background of the Invention 10 In

sem conductor integrated circuits (1Cs), a resistor

may be used to control the resi st ance of ot her

el ectroni c_conponents of

SMATHQD GF IGATIQN @E JﬁINtFAh%REﬁlSEO%WIEH %F &R

Is proportional to the length, L, of the resistor and

the reciprocal cross sectional area, 1/ A, of the

resistor; the L and ARESCRIERENeEd in the direction

of current flow The basic equation for resistance of

a 15 resistor is timgld okthe Javeptiene R, L and A are as

defi ned above. Prior art resistors are typically

conposed of polysilicon that has been doped. As the

The prélée?ﬂrlﬁVéﬁFbrpfreI%@éﬁ ¢O WEMGEORd GLauF @%%ldenﬁfa?ﬁﬁﬁétunﬁécbnd more
nponent wthin a sem conductor 1 C has to provide
5 partlctdqdy Jaeemethnd okfabsicating et thirciim pesigler thaying A substantially zero

wA scal ed r.esistor thus. has i de_a copstant

0" tofPPRER et B AUl aicRh P st iR Thition is also

directétiltd AdneétHed d‘ﬂQM\@Q%tmgjﬂffé thih filRe réXisee of ks pﬂsfsent invention with
polysilicon, a prior art resistor conprised of doped

an intgsepyregtistustiuramnevone prajeirigeulatarimetat dapasitart AABACAP).
within a limted space. Enploying a polysilicon
resistor to provide relatively high W 2005/ 020250

PCT/ EP2004/ 05091 850kgf@ibbRtheant&ibrpecomes a probl em
i n designing and fabrl cating a highly integrated

sem conduct or devi ce.
10 In semiconductor integrated circuits (ICs), a resistor may be used to control the

resistance of other electronic components of the IC. As is known to those skilled in
the art, the resistance, R, of a resistor is proportional to the length, L, of the resistor
and the reciprocal cross sectional area, 1/A, of the resistor; the L and A are
measured in the direction of current flow. The basic equation for resistance of a

15 resistor is thus: R=L/A, where R, L and A are as defined above.

Prior art resistors are typically composed of polysilicon that has been doped. As the
integration of semiconductor devices increases, each component within a
semiconductor IC has to provide equivalent or better electrical properties. A
downscaled resistor thus has to provide a constant resistance value that does not
20 fluctuate much during use. However, due to the properties of polysilicon, a prior art
resistor comprised of doped polysilicon can only provide a limited resistance within

a limited space. Employing a polysilicon resistor to provide relatively high
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Recently, doped polysilicon resistors have been
replaced with a single thin film resistor that is
woannieexsd of a material that has a higher resPeTiEPRA0Y/050918
than that of 5 polysilicon2 Exanples of such higher
resistivity materials include, but are not limted to:
Ti N and TaN. Tantalumnitride, TaN, containing 36 % Na
is a material currently being used in the _ ,
resistangekhen despmesea IorellerBinaigsighingoitd abricating @chighly integrated
. dea/i ges .%/en t hough higher resistivity materials can
Semicyx %%&?Véc ‘abricate good resistors, they typically
exhibit a very high tenperature coefficient of
resistivity, i.e., TCR that 10 is on the order of L
Recendigodopedomlppilican resitoranhave ibsenhephacethwithe@ singlg thin film

esistdiobal & o Fonrfec! 6 reh R L BB RHEE soBBRY Har at of
polysillc®f. Ex8mpl&d ofSGAY RigHr rbbistiitydmalétilk ahalage Sbutdretiot limited
art single thin filmresistors, the resistance of

to: TiNsandh Traddi Teotalumenitride, o 4N ueaniainénga 36 86 Naisna tiaterial currently
15 .nor res

veing BSR4 (B OEP Byl s PR s,
Even g'g%llfgﬂr%ﬂ%? r@&isﬁ%ﬁ%{"gﬂ&ﬁi@{g%%é@%@%dﬂéﬁﬁeété good resistors,

ces. or exa resi stor havi ng a i
they typisllytextiibiy acfer bighhtesmperapurevcapsiicient of esistbiiydiet JiCR, that

o o G gl BT o B 358 Tl SR bl B
of’res'isfiélimsé%té PatRRET® pRSvidds | sn DRIdtUtS eheBRd EFhBASuUre the

up via Joule heating. 20 As such, the 50-ohm resistor
perforinano@of apesiatarng at the resi stance value it was

intended to operate at. In view of the state of the

art nentioned above, there is a need for providing new

On acd®dnt fmfm\éeﬂ;%rﬁﬁ o\r/%ufajé‘aéf Eg&? it ts"ﬁ'i%ét% Sh@etresistors, the

resi stance a alue that 1s substantially
resistaneeoof Fheh resisidrs ubadarioi fildtyateea dot whansthe iresistos is used at

resent invention 25 to depote a TCR value that s
normahiopRalingotasRRRIEN e o, BPalt Borhiniep SRS dUEHALRYY bimpeys the
performafeé Wﬁ@-ﬁéﬁérﬁ?&%“s@ﬁ@%&c%% Rive&ds. Of Féhexample, if a

present 1nvention 1s to provide a thin filmresistor
resistdrHatvirltpa rasistivigeo£80 ohms is provided in a semiconductor IC, high TCR
of the resistor may cause the resistance to vary as much as 15 to 20% from the
desired resistance of 50 ochms as it is being used and heated up via Joule heating.
As such, the 50-ohm resistor is not operating at the resistance value it was intended

to operate at.

In view of the state of the art mentioned above, there is a need for providing new
and improved resistors that have a targeted sheet resistance and a TCR value that
is substantially zero. The term “substantially zero” is used in the present invention

to denote a TCR value that is within 50 ppm/°C from zero.

Summary of the Invention
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sheet resistance, which exhibits little or no

fluctuation in resistance during use. A further object
wohodsieozsnesent i nvention is to provide a thi nPETIERR004/050918

resistor having a tenperatdire coefficient of

resistivity, i.e., TCR, which is closer to O ppmC

than is a 5 conventi onal single thin fi I m resi stors

As stated above, a resistor nay Ecul at

An objegt ﬁBﬂWFeﬁﬁﬂmeﬂ@t'Q” rssfp RIevideaA H’“@ff"mé’gﬁlﬁ%ﬁ at faaﬁja targeted
f f.
sheet ?&r]'é\;f%’ﬁ[\éé L\K/ﬁ”ch%x}‘nﬁ}lts Ii‘t‘t'idée Br:ﬁ? Bjﬁﬁ%ﬁ'f)ﬁn'? 'gé;?qg g?ﬁﬁutnv\ﬁiu(%a.
t he overal I reS| st ance is equivalent to at |east two

resistors that are connected in parallel. 10 A still
A furtherr obieet gbtha pregent iaventoseist to ﬁ:ﬁéfﬂﬂe enthirs filrg resislerabaving a

tompefi £ Rorhf SF &SRy Ebiek. R HoH8 FbBRFC than is 2

convehfibRgIcsnglecthin filk vedisioRs. WY b@itéRBBBYENTOR deSi Fe%@btor may be
sheet resistance and a TCR t hat appro oaches 0

calculaieddyenorimalizing thetiiret dedyaterad resie anwmnemfurg to
prOV|death|nf|ImreS|stor that 15 can be
i nterconnected to various wiring |evels of an

A yet furirRi DB OF tisd brESdt Snwiting is 6 promiala timfiind$esiBRr in which
i nterconnect neans, while targeting a desired sheet

the oweéali sesisieace 4n quIvEDEN b i Ab ladst Hyyooresistois, thatyare connected in
I further object of the present invention is to provide
pam’%lthln filmresistor having a targeted sheet
resi stance and a TCR approaching 0O ppmi C that can be
integrated 20 with a netal -insul ator-netal capacitor
A still fuvtheramjecttoftthe psesantiinventioonisdotprowdela thihdie resigtor that can
re achi ved

th d ad
be inBbREE SIS i B RS RE etk Vel ok & ingprconnect
structdreawmé&aﬁgeimg% @I%"slréh'éheé? "ré>3|§t<éﬁceAaﬁqosbar@Ft fhBP¥Bproaches 0

he term™substantially zero" when used in
ppm/°Gonj unction with the term TCR denotes a TCR val ue
that is wwthin 50 ppni C from O ppm C. The term"thin
filmresistor” 25 denotes a resistor whose overall

An evéﬁ'f&ﬂfﬁ@rsétﬂéét bR éﬁé@@nﬁhﬁkzﬁtné@@@t&prmg%pﬁﬁr@%ﬂﬁ%mstor that
PCT/ EP2004/ 050918 4 Specifically, and in broad ternms,
can be indertconnecétedriornesiosisoviriop levals pf esenterconmetistrmicture using the

metal vias as the interconnect means, while targeting a desired sheet resistance

and a TCR approaching 0 ppm/°C.

A yet further object of the present invention is to provide a thin film resistor having a
targeted sheet resistance and a TCR approaching 0 ppm/°C that can be integrated

with a metal-insulator-metal capacitor (MIMCAP) at the same interconnect level.

These and other objects and advantages are achieved in the present invention by
providing a thin film resistor that has a substantially zero TCR. As stated above, the
term “substantially zero” when used in conjunction with the term TCR denotes a
TCR value that is within 50 ppm/°C from 0 ppm/°C. The term “thin film resistor”

denotes a resistor whose overall thickness is less than about 1000 A.
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conprises at least two resistor materials | ocated over
one anot her, each resistor nmaterial having a
wdi2ddsanesb t enperature coefficient of resistiVvPCYEP2004/050918

wherein the different tenperature coefficients of

resistivity provide an effective tenperature

coefficient of 5 resistivity that is substantially O

ppm C. The effective tenperature coefficient of ) .
Specifically, samnd vint lproadd tarms, t theathin s rasistoroof the RIESENt invention

compreh B SEHIT rB0P SRR B ot resistor

- fdi he&iturBéssffigien Sy Wiherein the different
mate"é'nr?:%??g %e%'ﬁf&‘i%’gi Rihptuigesstide 58{{ Ry YTCR'R) for

temperafure arfefiidtientsenfi resistivitnipeovide arpeieaive lemparaturelggefficient of
resistiv\(l@/et&% E&ﬁgé%gﬁ;a@@ﬁlf ven by the sum of individual

sistor materials present in
the thin filmresistor. For exanple, and for a
resistor containing two resistor materials, the _
The effeftctiee témperEfReododfficientsiutesitivityi dra/ the totdlresistance of the thin

i resi stor would  be determn by .t he, fol | ow g
fim resUgian f i PIRGRBH IMVRBAN 29 SR PRIA OGRS 348} O Yk ingividual TCR

and reéi/ﬁgéz{c%:veﬁdé@? thé v(e%{s'i%) materidls S Zﬁﬁéé& dth%{'ﬁ?ﬁ%{/l?%&%he sum of

resi stance can e provi ded to t’he ) ]
the indiegualt ICRIR) foheagi e énd résistenmateriblg prebeot innte film, wherein

(11Rur) BGIYBR ok T gD Ui iahd 1) & 880 s Gerder materials
presen:fﬁbgﬁte. S ! ﬂ%ﬁf theM TRt é)Eé’rﬁPI‘éf ard"forP4 er,%%l%ﬁor containing two

ion nay clude an rnsurating nmaterial |ocated
resistobetatesnlsp did ieffastivd TR ef ties resudtantrdilayeathn ifimviesishor would

the outernost edges of the_insulati er i 20
be deteygringd byrihe fllpying m&%e%?ﬁ?%«/ﬁe@@%@&tmﬁ&'g?@&
s rials. The insulating material is
whereﬂl@ﬁ iﬂ/l??wg%?& ht invention to reduce the

interfacial resistance between overlying resistor
materials as well as to preserve the

) gﬁrqhol Q%y. of . 7
A selegied anpshiargeies shest rasistance canpe mseyred i the tyNlnpesistor o
e ord IR o BUHATE MR K LA e have o shoot

resistapcefthat pebvides tiee pelestsd ahdverdeted viatugar dhiedthim filrhi nesistor of
film resistor that conprises two resistor

erials,.
the pregent inventier may,inchide andsulaing W@ef'alﬂ@%%@%ween portions of
[ ' T i S ,
e re B BaRRa D BeloTolPhLe oD e Hsghding o coes
not ext?‘rfdebéyomi fHeRowkerinbet billey ef thesit fdast tive resistorameteridly. The
insulating material is used in the present invention to reduce the interfacial
resistance between overlying resistor materials as well as to preserve the

morphology of the upper resistor material.

Although the thin film resistor may comprise a plurality of resistor materials stacked
one over another, it is preferred in the present invention to provide a thin film
resistor that comprises two resistor materials, RM1 and RM2. In this embodiment of
the present invention, RM1 has a TCR value, TCR1, that is different from the TCR
value (TCR2) of RM2 and the effective TCR of the bilayer resistor is substantially 0
ppm/°C. ’
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ppm C. WO 2005/ 020250 PCT/ EP2004/ 050918 5 The thin
filmresistor of the present invention may be
won@sgrexsed within an interconnect structure BCTIEP2008950918
be integrated with a M MCAPsat the sane interconnect
level. In the MMCAP integration, the bottom nost
resistor material is also the bottom plate el ectrode
of the M MCAP, while the upper nost resistor 5
material is also the upper plate electrode of the
e e
The (R ref QLR ot A8 Blesphy  PERAcE Py’ BYr Hitblfhted within an

intercdritieet fdthustiresiost pr nefy tee integsstat MmmerétIMWICAP at the same
Specifically, and in broad terns, the inventive thin

intercarnest tevglsidithe MINAR dalessatign, 4hqé1qiqtgﬂn m@ﬁ’[d’ﬁSlStOf materlal is

also ﬂg% %{ﬂogﬁh%ltg% &%ro%lgspﬁatgé WQIA Wh% t{}}%@ %&1 &stCtesistor

materid] isf$®He bparalaeldieceads bf tHeeMIMIfAPeSI stivity
wherein the different tenperature coefficients of

resistivity provide an effective tenperature

Ao GESHEBSL 8! b ot 1l % SFFARPY. §f oating e

aforenfBHtRinedl thirf AnPreadtee oftHdhpresent IRVeRsibAl Bpdeaitany, and in broad
sel ected di nension. 15 A single or dual damascene

terms, ghe dawntiveyhinidém resistardsl falyicaded by ta meghadiwhi¢h ineludes:
resistor to internmediate netal |evels and to active
devi ces and vias. The present invention al so

formln? Oa %Hﬂt RS rasisl NAdterials 'd%?gfrﬂé IaRBtHdre dadnerddistér material
filmresistor with a MMCAP. This aspect of the

havungaraas@fferemermpewatunecIqm@éﬁsclermte oft egsistifity aohdreinithg alifferent
tempe%é?qt pg@@h%tng?ro Eetsq?étl{v Iplaqrg\\hg%garg e&f&pﬁ\é%gerﬁ‘se@?ure coefficient of
re3|stl\ﬁt§/b§1taﬂ%t§,ibsftéﬁtfﬁll99) ﬁﬁni/‘f@%ﬂ)t' ng material atop the
fi'rst resistor material; WD 2005/ 020250
PCT/ EP2004/ 050918 6

patterning the at least two resistor materials to provide a thin film resistor having a

selected dimension.

A single or dual damascene process may then be used to connect the thin film

resistor to intermediate metal levels and to active devices and vias.
The present invention also contemplates a method for integrating the inventive thin
film resistor with a MIMCAP. This aspect of the present invention includes the step

of:

forming a first resistor material having a first temperature coefficient of resistivity on

a surface of a substrate;

forming an insulating material atop the first resistor material;



patterning the insulating material to at |east provide
a capacitor dielectric on a portion of the first
woesisgeasomat erial ; form ng a second resistor ParEP2@h/050918

havi ng a second tenperatureécoefficient of

resistivity which is different fromthe first

tenperature coefficient of resistivity over 5 the

first resistor material and the capacitor dielectric,
patterningt thel hesupaiting seatehialt ta fat Ieaskproddpen atapasitor dielectric on a

coefficient of resi sitlwty and the second tenperature
portion eb#te first egfistef Matidist i vity provide an effective

tenperature coefficient of resistivity that is
substantially O ppmi C, and patterning the first and
formings &C @Bdor@ Yiesistor edterialahaving pr egcared detripienattirg reoefficient of
resistor and a 10 capacitor, sai d capa&ltor inclu s?; qg
lyity over

resistiviiy wm@sﬂs dﬁéer@abﬁem fie s teimperellrgs OBy ff 1S
t
5 the flrsf gﬁ%ggm %ﬂ%mﬁ: G- cagﬁc&& e f‘ed?h Wih %e pI‘OVI)SO that the first

t'hr ou Cross SEC ‘ional views

temperhiuréSédaHiciBat dfheedkaRity andcibes segorsd etpmndnamrar@oefﬁment of
enpl oyed in the present invention for fabrjcat |33% h
resistivityi préviden pasieffestive h&@mpaeatdres ueResENk| P{/ W:Rt at is

) re pictorial representations (through
subsftarilpélg@ RREY r?aﬂdavi ews) illustrating an enbodi ment of

the present invention in which the thin fil m resistor
processing schene illustrated in FIGS. 1A-1

patterning thgr firsband iseooadh resister ceaiatals t@tﬁreh"ﬂ@r%th”‘ﬂﬁ'gn Tesistor and
[ onnec

L0 capacitlgg:%u H?B"f’@kﬁﬁ%‘ij? 'F"gr Il&k%gl?%l%%é%g@scrl P |brF1) g% :R:

I nvention 20 The present invention, which provides a
thin filmresistor having a substantially zero TCR
Brief Descriptioovofdbe dirawingsed i n greater detail by referring
to the drawi ngs that acconpany the present
application. In the acconpanying draw ngs, |ike and

FIGS. PRWT?%F@BQM]%I%@@%&U@F\Q (frebegh %doé@sét}tldnlakelews) illustrating
reference nunerals. Although the draw ngs show t

the bagic psecassing steps thatarst enplavedrindhe presantinanion for $abrlcatmg
j nvent i o

not 2 istors having only
a thin figgepigil; Ea%ﬁ%?é"‘é’g, at”ﬁ'@ I’ZFS}SO rﬁfﬁnventl on wor ks WO
2005/ 020250 PCT/ EP2004/ 050918 7

15 FIGS. 2A-2F are pictorial representations (through cross sectional views) illustrating
an embodiment of the present invention in which the thin film resistor processing
scheme illustrated in FIGS. 1A-1D is integrated into an interconnect structure. The

interconnect structure also includes a MIMCAP at the same interconnect level.
Detailed Description of the Invention

20 The present invention, which provides a thin film resistor having a substantially zero
TCR, will now be described in greater detail by referring to the drawings that
accompany the present application. In the accompanying drawings, like and
corresponding elements are referred to by like reference numerals. Although the
drawings show the presence of two resistor materials, the present invention is not

25 limited to resistors having only two layers. Instead, the present invention works
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equally well in formng a plurality of resistor
materi als, one over the other, in which the TCR val ue
wohodsieo2sar i ous resistor material |ayers is PCT/EP2004/050918
substantially zero TCR. As %tated above, the present
invention provides a thin filmresistor that has a
substantially zero TCR The thin filmresistor of the
present invention includes at 5 |east two resistor
equallyrasetirin afbsmlngcatpdiﬂabt\yemf resistemmiakerials, anehovestfﬁ other, in which
has a different ﬁrature co ent o

t
the TCROYP 15 VARPEHFS5I%501 SR seestanill e TR
As stagégﬁ%ov_ee%e rersgﬁ’c ?ﬁ\} it h é§ SHRIAR] ire l%bbrothat has a

he netho orm e inventive t
substantialilyszero WGR. nMithe theén dldmmelsw ohther pedsant dmamtionblylcludes at
referring to FIGS. 1A-1 D. 10 SpeC|f|caII % 1@.
least twp rgsistalt @@tenalff iiqefed oY% e @NOtaFa: EAsh Fasi Oéam% rial has a

differef tgmcﬁ rgg éléeﬁ‘ttloé _I_Fe%'isq{wt LehicA! d)]rawe s@an effective

sur sub e sub trate 10 1ncludes any

temper‘;a@unﬁec@cbwfﬂ@teﬁt oﬂﬁéﬁéll\ﬂiy tat d gubstandally Ocpprat°€.i dhe method of
which is typically present in an _ interconnect
formingtthacipveetiverfingiilen segistor WitliRaw Qe feyodled dn gregter fgfail by

el dielectric or intralevel dielectric
referrlrﬁts’klf]l(#%irb iInect structure. 15 Exanples of suitable

senm conductor materials for the substrat e 10 i ncI ude,
but are not limted to: Si, Si G, SiC
Specnf@mg, FIGASA illygtrates [anoinkis stmpwr@dhgb@n@abncated after forming a

v roSGTGRREYR! 32500 bl 8P| QUFIS P TSIy Bt am

semncdn%@@tér) mdtétiatsbr ahi @elealtPhRiendl Whidhert tyiptcanigt prfesehts in an
for the substrate 10 include, but are not limted tao:

intercoppestistreeturmn Therdisleciricomgiatial may seyexrs arhpidirpask, interlevel

dlelectgé%ﬁﬁt&éllg\(}%lf dlgie%%ﬁc éh %%tg gghé{;ﬁtﬂﬁﬁ% e: ;”ne may be

si | oxane polyner, a sil sesqui oxane polyner
di anond-1i ke carbon materials, fluorin

Examnﬂewﬁﬁwtableesemmodun@r enaterisisaion thﬁéubstrﬁte 1B dneladagbut are

v QRG] G128 ] 461 8% 581 1 BUSR A0 O Bna

semicSHtlc®rs\Was | Wl @ld}%@é@%m@bﬁé@ctbﬁd is0Ul 4<ilon-ci-thsulators
not illustrated in 1A, but are neverthel ess

(SOls)rmraatGe@nbesuhmrad@@@b) or Ilkulstrewetexam a9 of giglectric materials
t hi.c ss of strat

or thl QSRR 0 o R B T Tl PGS BE B b Jgraamie

and/or"BrgahR dlelectrlcs. Thus, the dielectric material may be comprised of SiN,

Si0,, a polyimide polymer, a siloxane polymer, a silsesquioxane polymer,

diamond-like carbon materials, fluorinated diamond-like carbon materials and the

like including combinations and multilayers thereof,

Substrate 10 may include various device regions, isolation regions, and/or wiring
regions. These various regions are not illustrated in FIG. 1A, but are nevertheless
meant to be included in or on substrate 10. The thickness of the substrate 10 is
inconsequential to the method of the present invention. The substrate 10 may be
single crystal or polycrystalline and it may be formed using various techniques that

are well known to those skilled in the art.
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single crystal or polycrystalline and it may be forned

using various techniques that are well known to those
wekidsioeaksin the art. WO 2005/ 020250 PCT/ EP2004P05@2114/050918

8 First resistor material 12 is formed on a surface of

the substrate 10 by utilizing a deposition process

such as, for exanple, sputtering, plating,

evaporation, chenm cal vapor deposition (CVD), plasna

enhanced chem cal vapor deposition (PECVD), chem cal

| d

First resioker TGROAILIDib Sopiask oadk SUTALG af e Substiede Jp b u'%‘?zmg a
deposifih e uch /AL Bt kabBlh S REENIE Bt bgforaop, cnemiea
vapor ﬂ&b&éiw JOVDY, 'R AACsh&tedo chbmital S@hok ddqn@usﬂg)nwc(PECVD)

preferred. The first resistor rraterlﬁ
chemloabrqmiutm TeposiiNn, HionTg mayew deppsiina ang ther ﬁéenggposmon
proces%[esf : ﬁ'b fgnEt@qesrlétgghqt% gp‘icélﬁﬁ%ac‘é 9 Othf&b@éé aéf%%édélﬁfsltlon

of from d@é oTtaﬁaH&Ei VEIOUA, UM D ehiglarissi ofdram ategaisovie about 500 A
ng on the type of resistor material used, and

being mdme h;gb@tprewred ance is also dependent on the type of
material used as well as its length and area. Next, an
optional insulating material 14 may be fornmed on an

The firdRREIstSPIRSRSHI 19UhbRe8nfriseTra,f TAN! TT, e8NS Vor Wit &nid ather like
éltgrg d&)%en patterngd tngj‘prow de the strﬁcture

15
resistos hmatarialor The dirst msistar Faterialpl2 tiws apirstoslget resistance value

o o TR VA Bl PR By dncng on

the typb%'régbﬂﬁ‘ mﬁ?é'rltal l.|§é’d3raﬁ1d ihe dHycTRgsibtanzeds Rl dépendent on the
rocess suc D, CVD, chem cal solution

type ofdaatesnat used aatveati @s ita;emgthjepdﬁrea on and other |ike
deposition processes. Alternatively, the optional
insulating material 14 may be forned by oxidation, 20

Next, thébt IQHSQI%\UH Yiiatdrialiaf4 crﬁay poé“f@hhéd Poef r@qber exposed
ona

i nsul at ng mat eri al oedlnt
surfac@ bésmnflrstnesm’coromatsneﬂsl 2 and éhe@rmn%ﬁmed i @r@wfie dheystructure

shownis o besmpt el ol B LrhE Srfiphtl ML EAR Il Wik may
compris® FROWxidL0 rﬁrﬂ%‘, nSan@eh'cﬂh'aY\y combination thereof including
multilayers, is formed by a deposition process such as CVD, PECVD, chemical
solution deposition, atomic layer deposition and other like deposition processes.
Alternatively, the optional insulating material 14 may be formed by oxidation,
nitridation or oxynitridation. A highly preferred optional insulating material 14

employed in the present invention is SiN.

When present, the optional insulating material 14 has a thickness of from about 50
to about 500 A, with a thickness of from about 100 to about 300 A being more highly
preferred. The optional insulating material 14 minimizes any intermetallic formation
between the first resistor material 12 and the overlying second resistor material 16,
to be described in greater detail hereinbelow. Also, since the overlying second

resistor material 16 is formed over a dielectric material instead of another resistor
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preferred. The optional insulating material 14
mnimzes any internetallic formation 25 between the
woOi0ms020881 stor material 12 and the overlying BeT@mRZ004/050918

resistor material 16, to b2 described in greater

detail hereinbel ow. Al so, since the overlying second

resistor material 16 is forned over a dielectric

material instead of another resistor W 2005/020250
materiabmhlépmmo@fwland otheatkedtridcgl propenties fl tif@y oyadyingesecond

el ectr.i erti f the.overlying sec

resistof 6rtetial Tare PRapCtes 1 Pe R L8: BTN e ring e fig. value.
intrinsic, i.e., single filmvalue. After formng the
opti onal |nsulat|ng material 14 atop the first

After foemingt thre optiemal dhsulating mhMedat ﬂérﬂbpithetﬂrat 'reajstor material 12,

material 14 is patter edt |dethes ruc

the ondiRpah svlating-fdterialgi4 ps tgfPrONEIe e SRdFiure shown in
[ t

Fie. 13“?%%%%@3%%2?@%@##?' & "’%Lﬁg‘;ﬁ%?ﬁ%* 1418 RS izng @

Ilthograpley) stag) tollesverppl yetoling. [ihet bithegraphy stap srhrdwi!e)s tapplying a
surface of the optiagnal insulating mat

PhOtoréﬁﬁésﬁﬂ% $iWih 4 oﬁh@sﬁgﬁa@% of @'@%l?@@rﬁét'ﬂéPi@?Bg miaterial 14,
exposﬁ@%@tdh%'for%ggst%\f’ue‘c, i ngnétfé‘?n%zl“ré Eﬂon'a'ﬁtdodé\}é‘?opmg the pattern

oresi st a convent | onal
into thé PHItORSist b‘]h@tllllzﬁ’(g groonventidveal réBist clenelfoﬁer ed’ th)etttwn is then

optional insulating material 14 by an etchin
transfathed o e GoBSNal Inpielieg Ratgriak A4y an ighiBg e tomidggludes a
wet et?,h 8”9' ﬁ'@/t b?:gl é) RREQ o étqtr etfon%héﬁ&‘i‘ thélre%rFSfther pattern

O’f esl enove I'ZzIng a conventl on

transf&th@f;ﬂﬁtétesﬂiétr isPRINGvedd LELERY 4 henvieativmall pRolresisiostripping
those skilled in the art. To elther the structure

processniibahis welkkapwn Ao drose &Kl"eﬁ B, thg &kcond resi stor

material 16 is 15 applied to the exposed surfaces,
i.e., exposed surface of the first resistor mat eri al

To eltﬁléif tAB GtRicaReashowH inakIG. ofA bhFI@PT Bpaaiecond wésntstdngnatenal 16 is
material 14, utilizing the same or diffe

applle@épdbetemsgdo%meshae moggéoﬁurfa%@frﬁh%ﬂ@hée$lﬁt0§tmateﬂal

12 anc? %?(hé%%gt IGEF%S{; of mééﬁt'?ﬁ%ﬁ?éé'ogﬁ ?Hééfég%l 34 y |I|Z|ng|thi game or

different deposEBn Froeesd fatStdsiebed anSbanhg theFlu@t rdas@torZﬁaterlaI 12.
The second resistor material 16 typically

has
FIG. 1Chpeavides anaflusiratipspipswvhichnth eo$e¢qrmesafﬁ@0m%©ﬂ@lo16 is formed

atop ﬂheo%@{'dé%gk@‘%,'mgiba‘éhl ckness of from about 50 to

The second resistor material 16 typically has a thickness, after deposition, of from
about 50 to about 1000 A, with a thickness of from about 50 to about 500 A being
more highly preferred. Moreover, the second resistor material 16 may comprise Ta,
TaN, Ti, TiN, W, WN, and other like resistor materials, with the proviso that the
second resistor material 16 is different from the first resistor material 12. The
second resistor material 16 has a second sheet resistance value and a second TCR
value, which are both different from the first resistor material 12. The second TCR
value may be positive or negative depending on the type of resistor material used,
and the sheet resistance is also dependent on the type of material used as well as

its length and area. More importantly however is that the second TCR value and the



10

15

nore highly preferred. Mreover, the second resistor
material 16 may conprise Ta, TaN, Ti, TiN, W W\, and
wobRhesr0202ske resi stor materials, with the provi BOT/ER2I04/050918

the second resistor materil@l 16 is different fromthe
first resistor nmaterial 12. The 25 second resi stor
material 16 has a second sheet resistance value and a

. Tiﬁgon? TCR ﬁlue whi ch are both different fromthe

first Jfalye drer sgleciaflelo provide am effestivdrGRRhal ds aubsigntially 0

ppm/°Be W%ntmbé/cﬁn%rnté‘?rg%liu‘éﬁ nqﬁlﬂgféd SipE é‘%‘gﬁggéf/%?%ﬁ%@?% on each

resistor material use

other, dhe effdeipenTER valne tofithd yrn&tlstfackmésﬁétbﬁis siRdadtalne hp?r§°C.
its length and area. More inportantly however i$§ t
the second TCR val ue and the WO 2005/ 020250

An exgﬁgfléz-gﬁngﬁr/eg{ifeqd[Fesigtgﬁ.%%tsx%%TgRﬁ&hggﬂrg:q{?q i?ﬁepcrg mven%on is a
bllayep pagiSior | staekriro dilign ttise ifitstWisidtoNvhateBAE 10681 Bil\D havnga sheet
material_ are forned on each other, the effective T

remstqngeugf &O0: RBMigA Einglt ackCRe of stGH0 |p®rr9’ﬁ®samhtthalstqco®|d resistor

mter BTG, AN R 5. S, PHELNER Y, 165" Shhnl ) o P 2

ppm/°Ces Tt cofibatationnofvih B riblRepidvidds %\eﬁ'hﬁ'tfﬂ’rh PR &bt %Illatlﬁas an
is Ti N having a sheet resistance of ohm sq and
effectived GR valge f%ﬁﬁdl@ sabstariially ezarnd Aftesi fslrmmg rIMEHecahdlfemstor

e A3 B TR, T ey

may berus\éddlﬁspﬂtérhltﬁefrbélﬁtdre(ﬁiaﬁatri%'ls bRahe R 8 ofecpé%%rbbﬁﬁte 10.
TCR val ue that is substantially zero. ter ormn

should; e noded hereisthetwihern theraptionall mselamngunatmamnuustpmeent the

outer QR 1SRG 3858y el SRR S vt and

second vsdisr rehtetiBR 2! @%Hf% 9re%BectNiely Sh‘Px‘é' Qr&lﬁuﬂ?éﬁ? pgtterning is

herein the when the optional iInsulating nateria
illustratgds damexamile, Ufl&r. 1Uges 15 thereof do not extend

beyond the outer edges 13 and 17 of first and second

resistor materials 12 and 16, respectively. The

A mulisgdtaic tthihefid tresisft in@lNb8Folmed 15y |
exanple, in FIG 1 D. SIA Ul t 1St ﬂ rbhﬁ%‘%ﬁrﬁ?‘l m rSééﬁ’%togrre&stor

materlaiagem;smm apd eptionap éwulating hreatstigpformationsi Fh@method of the
presenﬁé%#tfo&de 0 |e:T|B%)$%3no (r) Léoglﬁlralitns% t% r%?mn?ets?sr;tlo?sl, with or
without insulating material 14, on the surface of the substrate 10. In some
embodiments, it is possible to form thin film resistors of the present invention having
the insulating material, while other thin films resistors of the present invention do not

contain the insulating material between resistor materials.

The above description, with reference to FIGS. 1A-1D, describes the basic
processing steps of the present invention used in fabricating a thin film resistor
having a substantially 0 TCR. The following description, with reference to FIGS.
2A-2F, describes the basic processing steps used in integrating the thin film resistor
of the present invention in an interconnect structure in which an optional MIMCAP is

formed at the same level as thin film resistor.
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present invention may be used to forma plurality of
thin filmresistors, with or wthout insulating
worbt@roeedso 14, on the surface of the substrate PROT/EPZ004/050918
some ?0 enbodinments, it isipossible to formthin film
resistors of the present invention having the
insulating material, while other thin filnms resistors
present invention do not contain the

It is np%ﬂbﬂtu e rEughath %é{%@ﬂSrlegltsieothamMMG/&E’sthermierconnect

st fERUBSIERTARY yth l S155T 5 0, L Fhbhape win i

resistor rofeiiei graseserhventib@ s fe@hdd @n‘ehbﬁtrfe' I fcBRh&ELlevelsXof the
having a substantially 0O TCR The [ ow ng
intercaeest BtscloRe. i EWIBQMQ@éba&TbleFﬁomlerngdegquMMlcﬁanmssthe thin

b si.n p sedl integratin
fim repiafor " ibp BB RE e snof h 21 pEGR s FRIER RohrRifeihor forming
the thih filrRIcv/A IES first nistal IeVel, ithe ‘ﬁ?éé‘éht‘?ﬁ\/ fonekH al%'\@s\%sééto form
formed at the sane |eveél asthlnfl m r esi st or
the thirp filye resistes in aay oEtProi0tEr0600aE@ levdls btver anyof i triesl levels.
even though the draw ngs include the M MCAP, the
i nterconnect structure does not need to contain the
FIG. 29amRstrafes il RRGEbARSE: ?ttrﬂé’tuffé"ﬂb ftl‘\étm'r)féyeﬁbsﬂé’éd in this
of the present i1nventionis forned in one
embOdlmeet obt‘heeptesleewmgnbbnt HEhe initiadriotEnoewiect tstucturees0 Ifcludes

semicqrita s lRate JOhafnG st RIEY ek Sadetmed duapon Ths inita
intercofhbBostalctiifd QG‘nﬁeW éBB lhéluBé%V lél%rtact, S@CQ%Ser%% of an etch

thin filmover the first nmeta evel epre
stop miaterialt 6@ mndaa hadrd(mbsk unsatesrinb 6Roatop m%eflﬁshinmtbl llevel 52 The
| evel s over any o

eror SRS BB RS A T Tho
metal Ié\?él%?i%ﬁﬁh%%% vﬁhﬁg ?é@ﬁﬁs =0 thgtaéré@é/ S#S&?dlerbétpb 36.

mbodi ment of esent |nvent|
|nterconnect structure 50 includes 10 sem conduct or

e GRS AT B By
t
conertn LaEL i 81 el 15k, BRI 2ol S o

known ftorthosewstkilled ievte 6. $pe0|f|rralllyaruoada stirfack 61°8thessem|conductor

tjional and need n d in sone enbodi nents. The
substraf, 0 ol el & pase B0 e veh 5B gt CQIMPrisgs MAENg Hegiomst b that are

separaficPr8fPBAN BthéWoy HRI&AHE 56, 5Fhe metal level 52 may be formed by
first forming wiring regions 52 on selected surfaces of semiconductor substrate 10
(by deposition and patterning) and thereafter forming a dielectric 56 over the entire
structure include semiconductor substrate 10 and wiring regions 54. A planarizing
process may be used to provide a structure having substantially co-planar surfaces.
Alternatively, the metal level 52 may by formed by first providing dielectric 56 atop
the semiconductor structure, patterning the dielectric 56 to provide openings for
wiring regions 54 and then filling the openings with a conductive material and, if

needed, subjecting the structure to planarization.

Notwithstanding which of these techniques is used in forming metal level 52, the

wiring regions 54 are typically comprised of a conductive material including, for
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15 The initial interconnect structure 50 shown in FIG
2A is formed by using conventional back-end-of the
wORNBs/RBEOL), i.e., interconnect, schenes that parEP®hl50918
known to those skilled in tlle art. Specifically, to a
surface of the sem conductor substrate 10 is provided
a netal level 52 that conprises wiring regions 54 that
are separated fromeach other by dielectric 56. The
examptef ah elemenhtabmetaly abaefadaiteyl oby metal fsilicide.f &xampdes of suitable

con 5 R EBA e B o BTt et AL T,
TaN, g\?térfcf ré'”Bg &nglhﬁﬂ%e dr86¢.  OF R @cﬁl'cebécltsr{*,&rpﬁﬁsed of any

ver the structure’inc u sem conduc

interlevebisorganic ﬂ)ﬁoagmwvdrelemrlcelgatoﬂaybﬂma‘y pbiRm@pordusy An example
rocess nmay be used to provide a structure having
Ofsucgl?og'?mr?(‘a'ﬁl 9Qso0- pl anar surfaces. Alternatively, the
metal level 52 may by fornmed by first providing
dielectric 56 atop S the sem conductor structure,

After maViUth*g’ﬂf@gném lesliet B2¢ thd Eptidndl enatenxl stack Een‘nﬁgbeffm‘med atop
ing regions 54 and then filling the openings with

a
the m@t@hlﬁyee{ P ditivgingra spnygitional depesifien precesecsrijatedeabove, the

ot oA BE LA BT har masi

materiah62, s¥dhi NP SIGLidenssidd a&? therirsainkyal ¢ovgls2sed of a
conductive material includi ng, for WD 2005/ 020250

PCT/ EP2004/ 050918 12 exan‘pl e, an elenmental netal, a

Next, 543, B ndicr 2 ot ot M Bl BubgcatbhIpb Snatera
stack BB! oflietHOmdtémalt Sidck 98 e@é;enéé the thel @Mt rAsRMSH RHEYA 12 is

or silicides thereof. The dielectric 56 is conpri sed
formegatamipe witingrlpweldd2.i Rbe disstiresistorgngteniat 1diiefersied as described

ore i BBt ARSIy AT e bl

the optional rraterl al stack 58 may be fornmed atop
the nmetal level 52 utilizing a conventional deposition
Next, pplienal insulgting awé@rl@lb‘tﬂ/t@ formed atap dn¢ firstyeaiskorgsaterial 12 and

t ch teri uch s Si
then 45 PRI laffhd Thefdd) PElehidn&lo THEEa B Tdima g oea to
form at R%sft 'arcfépaifﬂblablel&:‘tﬁé 152froﬂrpth@6ﬁ§ulaﬁj?%éfér@h 9WMin it regions in
2B, first resistor material 12 is formed atop the
which Hm MIMQAP will be formed. In the drawings, the optional insulating material
14 is present in the thin film resistor as well. The resultant structure including the
optional insulating material 14 and capacitor dielectric 14’ is shown in FIG. 2C. ltis
noted that the optional insulating material 14 may be required in embodiments in
which the MIMCAP is integrated with the thin film resistor of the present invention.
In some cases, the capacitor dielectric 14’ is different from the optional insulating
material 14. In that embodiment, a separate dielectric from the optional insulating
material 14 is deposited and patterned at the same time as the optional insulating

material 14.

Next, and as shown in FIG. 2D, second resistor material 16 is formed atop the

structure shown in FIG. 2C. The second resistor material 16 has the characteristics
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stack 58, or if the material stack is absence, then
the first resistor material 12 is forned atop the
woi200sngodsevel 52. The first resistor material PETIER2004/050918
formed as descri bed above1dnd it is conposed of one
of the resistor materials described above. Next,
optional insulating material 14 is formed atop the
irst resistor material 12 and 15 then the opti onal
deSC”PﬁQ \Ahavengnerl isr ioamedauiilizingioner ofethe Zbeve aemtiorietgdeposition

ﬁ%\é be used to format |east a capacitor dielectric
proce "“fromthe insulator material 14 in the regions in

which the MMCAP will be fornmed. In the drawi ngs, the

optional insul atlng material 14 is present in the
The SWWTHF & shown &% FK8 02D4ds tharl subjgtiedrtesan éehingsstepdn witch at least

o LMD o e R 8BSl Sl 570 ctpes (0
provideaitesadtathih Ren PakisRia4. | ﬂﬁlﬁmﬁgﬁg nﬂﬁkﬁm@ég "H¥o BE formed

required in enbodi nents in
dunng| H‘tlSa@t@hl@@ steph FHe. REi lubirbtesr asstatatureothdthie foreeenéfter the

o b St R A s
ophonﬁﬁh@ﬁla@ihg%atér%l tﬂaén(? @%eghﬁgéls o? rﬁSfE‘i%?H leSk! MiMCAP
fromthe optional insulatlng et 4 eposit &

66 inciudesphinst efealetbramaténals’eﬂrecatpanﬁoasilélbetrmpm oaadi second resistor
and as shown in

| FI G
materigh T8 CHBRceioBRGR s Hapwit 4OW8 ics (e HueiLEe Gowie n FIG. 2E

o o A B R oRe e Ry s, A RI80515687 43b g etohing.
and laperabReion4/ A5pRitSlity 1F ihirs ditrh redistdreves amdl MIMGAPSI6® ks also
t utli %@?@)’@1 one of the above mentioned deposition
conterppig clie pigsert YeplieR: shown in FIG 2D is then
subjected to an etching step in which at |east the
first resistor material 12 and the second resistor

An Opﬂrmabrcaapmmlaaee(mtﬁmﬂmﬁaally&fmv\m)lrdayaie forarid atophihe second
optional M MCAP 66 nay al so be

resistof 6'?‘1%83@ |9ﬂ?rttﬁ| %tAE't”&I‘n Hopresept, the gtchingistepglasgribed above

st SEDLBANER DS 01O ] e T8 SO o aer

comprised io§ any immiatimigainaletial saph iaenfir dxaspleta Alrig@t eri al 14
and second resistor naterial 16, while the M MCAP

Next, and as shown in FIG 2F, second wiring level 70 having lines 72 and vias 74
present in a dielectric 76 is formed atop the structure shown in FIG. 2E. The second
wiring level may be formed utilizing a conventional single or dual damascene
process that are both well known to those skilled in the art. The lines 72 and vias
74 may be comprised of the same or different conductive materials as the wiring
regions 54, while dielectric 76 may be comprised of the same or different dielectric

material as dielectric 56.

As is shown in FIG. 2F, the thin film resistor 64 and the MIMCAP 66 are connected
to other wiring levels through vias and lines. The above procedure may be repeated

to provide a multilevel interconnect structure.
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66 includes first resistor material 12, capacitor
dielectric 14" and second resistor 10 material 16.
wohos/etshi ng step used in providing the strucPaTAEP2004/050918

shown in FIG 2E conprisesi4a dry etching process such
as reactive-ion etching, ion beametching, and |aser
ablation. A plurality of thin filmresistors 64 and
M MCAPS 66 is also contenplated by the present

Baseq rﬂfbﬂﬂ'tl@n exmrlmsnts@nmthﬁaggnngre%@x@m r(asators pﬁeth fa ¢aigey sheet

resistantR B aﬁ%gﬁ'gﬁ %[1 Igtog %(g%pﬁ?g(g rIC? géqleg”ﬂpfg method

of the%ir@@erﬁieiﬁvéhﬁkﬁﬁi @%\éﬂlcaﬂ}dstheadréélsﬁﬂ ﬁﬁr‘i iR bRt whd Sabricated

ping |ayer. The optional capping layer is
by Se%ﬁfﬁ"ymp@sltmgﬂﬂ\heud dtaMflnmsit &1 partictilarh aas00 BoTiN film with a
and i,n FI G 2F

o 58 1 TAEE B0 i, SR, AU g o
insulatr @8tetial. 1 08 AlITRINAIA hﬁwﬁg d %é&rrﬂglgtag{déo%ft% ohm/sq was then

structure shown in he secon
depOSlt@deq)Vefaﬂﬁaoél' lNoflh’ed TI]IIIEI résiston fmnsomme@tuhenabaﬁewn@kleand were
I darras rocess that are both well known to
connefil £ FRAF Sl ESETE bl oo REsUS/HS aHaNgREL Sericonductor
fabricatidn rAétHeeepr i sed of the sane or different conductive
materials as the wiring regions 54, while dielectric
76 rray be conprised of the sane or different

Whil ﬂhe ectric terlal as dielectric 56. :5 As is shown
e e piegend pven PHentiasbeen Raielasiosha and dessribedtod respect
din I I
to preﬁe@reﬁf i@g@?@ﬂﬁﬁﬁ% gtgofgﬁtg\ggl d%\ér éln%rétgxa b;'p ﬁk{ gﬂp%&l 9 the art
that trpr fweg@ng and tctlhewehamgésem:fn‘rﬁm:tanatdetetlslrrﬁay\6@ made without
d t200 020250 PCT/ EP2004/ 050918 14 Based on initi al
epartg ke BR18coPs qn APiiE Philer Riesenbinveadipa: di isiherefare intended
S f d
that thEpiBSbnE TRENIoh STCHA Mffted R, SR BR el St agebribes
and |llua’u|\aéed ,i bt falBprthirf theaddope dflnlﬁae appendédaldifsn film
resistor was fabricated by sequentially depositing
TiN and TaN filnms. In particular, a 100 A TiN film
with a 5 sheet resistance of 180 ohnisq was sputter
deposited over a silicon dioxide insulator material.
100 A TaN fil m having a sheet resistance of 550 ohm sq
was t hen
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deposited over the TiNfilm The resistor filns were
then patterned and were connected by dual damascene
wonw@roeasnect i ons usi ng standard sem conduct or PCT/EP2004/050918
fabrication nethods. 10 Wilse the present invention
has been particularly shown and described with respect
to preferred enbodi nents thereof, it will be
under st ood by those skilled in the art that the
foregoi ng and other chandé€!¥® forns and details may
be made wi thout departing fromthe scope and spirit
1 Atﬁ ftl rr?pl sent invention. It is therefore intended
At M 'S SURP$R%ent i on not be linmited to the exact
fornms and details described 15 and illustrated, but
fall wthin the scope of the appended clains. WO
at IGHEOMDOMOF mEEBOMGMDMr drie Gnbthgs, eJachAréshsktbr material

Imr si stqor conprisin . at east twn resisto
naving,. CHItETert dempRbIS BRI o reSReR rubs@irthe different

\tempe@th?é cBbfficlays B8 rasidii Jufﬁ?}@%ﬂeﬁ 5@%2%@&9@ ??r@?@rggtbfé ?@éfﬁment of

resistivity wherein eratu
reSIStleeﬂfataB smbsianiﬁalhe@slpstn/m:.ty provi de an effective
tenperature coefficient of resistivity that is

substantially O ppmiC. 2. The thin filmresistor of

2. Thgtﬁ‘ihrﬂlﬁq rféé'iétBPBf eI 4 ?urﬂ%racfbrhﬂﬁ%i \Agt n”%sg%giﬁgirﬁéterial located

cat ed et ween portions of I esi

betweemperticrssof tRe theembtdn niatertalsesi stor of Caim 2
wherein the insulating material includes 10 outernost
edges that do not extend beyond outernpst edges of the

! ( | .
o TR 57 YSyp L ) A, i JRP b e
outernmest exdgalssthat elo dbt fe&temi beyérad ictternssdtesdged bf €ip Tah@east two

ogroup consisting of Ta, TaN, Ti, TiN, W and W\
resistof magggalShin filmresistor of Claim 1 wherein the at

| east two resistor materials conprise a first
resistor material and a second resistor nmateri al .

4. The thin film resistor of Claim 1 wherein the at least two resistor materials are
different materials selected from the group consisting of Ta, TaN, Ti, TiN, W, and
WN.

5. The thin film resistor of Claim 1 wherein the at least two resistor materials

comprise a first resistor material and a second resistor material.

6. The thin film resistor of Claim 5 wherein the first resistor material is TaN and the

second resistor material is TiN.

7. The thin film resistor of Claim 1 wherein one of the at least two resistor materials

is located on a surface of a semiconductor substrate or a dielectric material.

8. The thin film resistor of Claim 1 wherein the thin film resistor has an overall

resistance that is equivalent to at least two resistors that are connected in parallel.
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6. The thin filmresistor of daim5 wherein the first
resistor material is TaN and the second resistor
woavwsreedsoi s TiN. 7. The thin fil mresistor of pCrarmok/os0918

wherein one of the at | eastiétwo resistor materials 20

is |located on a surface of a sem conductor substrate

or a dielectric material. 8. The thin filmresistor of
Caiml wherein the thin filmresistor has an overall

9. (&g shihclmngesistorefi valaimt 1 o futheéreasomprising an  adjacent

eta 768 5 e i SIS0 BB orrpe an  op

plate élesirs@rwléreih ahanbbtiowt ise él@Hﬁbdé'd&ﬂn&”se%dbﬁéeéft the resistor
net al -i nsul ator-netal capacitor which conprises a

materipls @f)théplﬂaﬂefllm ersistotiewhitel the top plateatlecbede toomfmises another
. t e el ectrode conprises one of
re&st%ﬁétgga g{ltg‘?bt ‘ﬁ@r'p Si Oof the thin filmresistor,
while the top plate el ectrode conprises anot her 5

resistor material of the thin filmresistor. 10. The
10. Thaithinffilimresistos b Claifn Clvalereln theeaklieast heo absisaghatenals are

are_ cqontained with the sane
contaifi hdhe BBpie kitefeth ot ah bt CaTas Elelurgs A et hod
of fabricating a thin filmresistor conprising:
formng at |least two resistor materials over one
11. A arathoc of faxidatingsi thirofilmmesistoatompfisingyi ng a di f f er ent
tenperature coefficient of resistivity wherein the
different tenperature coefficients of resistivity
r v v r r [ of i .
o L Tl Rl ot [ Gl B Cfesistor. materia
havmgpasttcbffererg tdzmpatatﬂneasioeﬁmemtes:fsmgisﬂhmyerwraéreirt Ghe different
m.resi stor, havin sel ect ed

tempel t%@?ﬁﬁclemgﬁ Qérewgﬂtmrﬁw@eoan effacive e cosfiicient of
resnstl rmét & éiﬂasftéﬁtmllg ?p@??’g'ﬁed i nsul ati ng mat eri al

tween a portio east two resistor
rraterlals 13. The nmethod of Caim 11 further
conpri si ég connecting the at |east two resistor . ]
patterrjag B¢ 3 &4 tior iestptoreaterials taprovide e Bindém resistor having a
selectetf diHEdAYish. 14. The nethod of O aim 13 wherein the
connecting occurs through netal vias and

12. The method of Claim 11 further comprising forming a patterned insulating

material between a portion of the at least two resistor materials.

13. The method of Claim 11 further comprising connecting the at least two resistor

materials to wiring levels of an interconnect structure.

14. The method of Claim 13 wherein the connecting occurs through metal vias and

lines.

15. A method integrating a thin film resistor with a metal-insulator-metal capacitor

comprising the step of:
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20 lines. 15. A nethod integrating a thin film
resistor wwth a netal -insul ator-netal capacitor
woaoprieesng the step of : WD 2005/ 020250 PCT/EP2004/050918

PCT/ EP2004/ 050918 17 formwmg a first resistor

material having a first tenperature coefficient of

resistivity on a surface of a substrate; formng an

ating material atop the first resistor material;

form'”ﬁaﬁ ﬁiﬁ?ﬁlgtqrnaai%@hhawng @ frest demperatoreacoeaient pf oesisiivity on
asurfébecé‘ﬂoé‘gbﬁﬁif?tgl electric on a 5 portion of the first

resistor efial; formng a second resistor nateri al

havi ng a second terrperature coefficient of

resistivity which is different fromthe first
form'ngé?ﬂ@ﬁﬁiaum regieriel afppiibe frstresistarimateyiabver  the first

resistor material and the capacitor dielectric, wth

the proviso that the first tenperature coefficient of
patterriingi thei isUlativgd nidierigerrad Ié@@?ﬂﬁﬁd’é & ‘b%ﬁfaf:i‘t&i‘ Eﬂs‘fje&ﬁc on a

10 resistivity provide an effective coefficient
portiory @fsthetfirgt nepistoranatasiakubst antial ly 0 ppm C,  and

patterning the first and second resistor materials to

provide a thin filmresistor and a capacitor, said
forming a®asddond | ' | thesLac e

ool 0G| Aol 03 IS RACId oGS EbEient of
resistivitysybichr isndifferent| frorartbe dirst taneperatlire oedficieat of reSIStiwty over

. I edf mthe roup consi sting, of Ta, TaN,
the firs} TSI Al ang e ibArion ielsPites At ths pisiisd Hhatiibe firs
temperat Heeéébffici’éhtr ' ' ' S
P reLéi st or rraterisgréélgﬁVI(aimsa@?oﬂJ'dé réée‘sa;:g'is%tEj ofeemng?rafturre EO?@C'ent of
resistivitlyepravidecan effeclive codfficieht ot resistdtyf thasls $tﬂ§ﬁt§rﬁt¢§lly O ppm/°C;
and material is Ti N and the second resistor nmateri al
TaN. O

patterning the first and second resistor materials to provide a thin film resistor and a

capacitor, said capacitor including at least the capacitor dielectric.

16. The method of Claim 15 wherein the at least two resistor materials are different

materials selected from the group consisting of Ta, TaN, Ti, TiN, W, and WN.

17.  The method of Claim 15 wherein the at least two resistor materials comprise a

first resistor material and a second resistor material.

18. The method of Claim 15 wherein the first resistor material is TiN and the second

resistor material is TaN.



