;e3eAdAa t . <v6TIQ4 METHOD FOR FORM NG REFRACTORY METAL- Sl LI CON- NI TROGEN
CAPACI TORS AND STRUCTURES FORMED Field of the Invention The present
invention generally relates to a nethod for fabricating sem conduct or

devi ces i ncor porating ca nts forned of refractory

nmetal -silicon-nitrogen a wmﬁ W@w rmed and nore particularly, relates to
a nethod for fabricating r devi ces that incorporates capacitor
el ements fornmed by depositindS®#ti-|ayers of refractory netal-silicon
nitrogen in the sane process chanber by varying processing conditions and

e conauct S T KOk KRG RER&CIGRY Bk CALgiEaCIERRRGRY |,

sem conductor structure. For instance, an in-situ forned capaC|tor can be
found in a dynanic ranSoRALIIQRS ANDSTRIEGTURESEORMED:ss 1 equired for

formng |

Field of the Invention

The present invention generally relates to a method for fabricating semiconductor
devices incorporating capacitor elements formed of refractory metal-silicon-nitrogen and devices
formed and more particularly, relates to a method for fabricating semiconductor devices that
incorporates capacitor elements formed by depositing multi-layers of refractory metal-silicon-
nitrogen in the same process chamber by varying processing conditions and devices formed by

such fabrication.

Background of the Invention
In semiconductor fabrication, capacitors are frequently formed in-situ in a
semiconductor structure. For instance, an in-situ formed capacitor can be found in a dynamic

random access memory device. The process required for forming

LT
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the capacitor is conplicated. It involves the deposition of different

| ayers of materials by different chem cal processes, and nost likely, in

di fferent process chanbers. For instance, |ayers deposited of a polysilicon
material are frequently used as the electrode, while |layers deposited of an
i nsul at ithg nearR¢htosudts agorpl icahedxi deltir d Mfvicdgigent e uskegoss trllpw  of
capacitor dielectric. The process therefore requires nultiple nunber of
deposi t dafge riemam rayerpl e fnundderr icfl di bY ededfemanér idlsnicondustede sses,
mul ti pl e nunber of process chanbers for the form ng and patterning of the
capaci t and 0@xed nlhbdeyn denmdidfucirdgr devcees, chefibaectory Fot al ssthawvee peen
frequently used in sem conductor processes to formvias or contacts.

However 1 afvefrisaciasys Meéal ofii tar qgelny e 1 Dysn haseepdblbeer usesthwdrdely hsed he
processi ng of sem conductor devices. For instance, only recently, U S
Patent B $%h892:28ttadeser,i bepitike Useeek tanbakumeal upgknughniifoges: ahd oys
in sem conductor devices as a diffusion barrier and an adhesi on pronoter.
The pat gpk <3130l 0S@eNt Ngsuse: 0f cda- AdzNid N A-Sem RAMNGS dewiceato the
prevent inter-diffusion between surrounding |ayers, for instance, between

two CO”@‘é‘ﬁa@it‘olaryecﬁé}@@H‘@@f‘ a BRI SPHEMEL Ok nb@keh raNd- R LANAUCHhET + | BVer

between an insulator |ayer and a conductor |ayer; between an 1 nsul ator

| ayer a m con : © 0 t . em ct 2.4 . A
Lona IR TSENYESE LIRS oL:f MRS e e s chens

second use of Ta-Al s to pronote a | acent

I nst ancg,, RELUAEN L 04 GONAYCE ar rduﬁ%ﬂ_r e HRIMEEN égcgfi%‘é‘ég%r ét?a\ﬁfi{efé"fjf&“
i nsul ator Tayer; between a seni conductor [ayer an conductor layer; or
bet P : : . No. 5,892,281 d t
tgagﬁegﬁb\ggt%?ﬂl&?;%%g{#aﬁﬁlunc'i ?ﬁﬁ%ﬁ#%%ﬁ% alloys in sem coggﬁc?gr

fabrication. Sunmary of the Invention In accordance with the present
invention, a nethod for formng a refractory nmetal silicon-nitrogen
capacit@r4in a sem conductor structure and tgg structurefforged are .1

di sclosé®? 1t is tifer FTh PEFLCOANEECTor BRECFPese Rt T FRTEREY oM 12 1S
provi de.,a nethod faq fornimi a cagﬁcitor in-situ in_a seniconduc%or
struct uPEEnabPese | qu%ﬁﬁq%aPég He d SSRGS Oh P ERTF T TOM fGs TP he
conventignal nethods. It is ot her aspect of the EJ sent i nvention io

or ovi de "4 ATet Rbd FOTEATH M ng HORRBRE t e TSI | ek *amiEaRaae: of 1 1ovs
structure that requires only the depopsition of a single material. It is a
furt her P28FectObf Q8RR pPREEnt"d; ht +Bn ¢ pPB?/?%%Shg‘ﬁeﬂ’Fods‘?‘BW?%‘?W%%ra
capacitor in-situ_in sem conductor structure that requires only85£1e28l

depositid@erézfesa siFrﬁjT gx}%’qaé}q% Utly recently, U.S. Patent No. 5;

describes the wuse of tantalum-aluminum-nitrogen alloys 1in
semiconductor devices as a diffusion barrier and an adhesion
promoter. The patent discloses the use o¢of Ta-Al-N in a
semiconductor  device to prevent inter-diffusion  between
surrounding layers, for instance, between two conductor layers;
between a semiconductor layer and a conductor layer; between an
insulator layer and a conductor layer; Dbetween an insulator

layer and a semiconductor layer; or between two semiconductor



refractory netal-silicon-nitrogen in nultiple layers. It is another further
aspect of the present invention to provide a nethod for form ng a capacitor
in a sem conductor structure that requires only the deposition of a single
material of TaSiNin nultiple |layers under different processing conditions.
It is still another aspect of the present invention to provide a nethod for
formng a capacitor in a sem conductor structure by depositing nmultiple

| ayers r gf | £i5igl s Lt : hayi L1

st ot oy R SpeahPhle BRI ARN it 18 Irdthie WIRRIGE I RLOR: skl o BRbapce
provid met hod for formng a capacitor in-situ in a.seniconductor

B Puct dFBVE Bapsulucisd AT GreEeRng coBiuor fyet sad o TGS Sdoween a
silicon-nitrogen each having a different sheet resistance value. It is

still aseuenaduetar {aysr apd gecondugtor fager o8 hskyeanniponsquggondycior doyede  Aoveavebd
for formng a capacitor in a sem conductor structure by depositing multiple
| ayer s ©OSS. Petf Nac 630,28k tdaks sotlteacbrangiothengees fon tantedurs aatemuinarhidtoglry aNaysyin ng
a flowrate of partial pressure of nitrogen into the chanber. It is yet

anot hergefdi¢dndgstonmpgedticsfl the present invention to provide a sem conduct or
capacitor structure which has a |lower electrode, a mddle dielectric |ayer
and an upper electrode forned of the sane refractory netal-silicon-nitrogen
material but with different stoichionetry. 4

Summary of the Invention

In accordance with the present invention, a method for forming a refractory metal-
silicon-nitrogen capacitor in a semiconductor structure and the structure formed are disclosed.

It is therefore a first aspect of the present invention to provide a method for forming a
capacitor in-situ in a semiconductor structure that at least mitigates the drawbacks or the
shortcomings of the conventional methods.

It is another aspect of the present invention to provide a method for forming a capacitor
in-situ in a semiconductor structure that requires only the deposition of a single material.

It is a further aspect of the present invention to provide a method for forming a capacitor
in-situ in a semiconductor structure that requires only the deposition of a single material of
refractory metal-silicon-nitrogen in multiple layers.

It is another further aspect of the present invention to provide a method for forming a
capacitor in a semiconductor structure that requires only the deposition of a single material of
TaSiN in multiple layers under different processing conditions.

It is still another aspect of the present invention to provide a method for forming a
capacitor in a semiconductor structurg by depositing multiple layers of a refractory metal-silicon-

nitrogen each having a different stoichiometry.



In a preferred enbodi ment, a nethod for formng a refractory

netal -silicon-nitrogen capacitor in a sem conductor structure can be
carried out by the operating steps of positioning a preprocessed

sem conductor substrate in a sputtering chanber; flowing Ar gas into the
sputtering chanber; sputter depositing a first refractory

netal -silicon-nitrogen | ayer on the substrate froma refractory netal

si licide targely yar addifdP dsBEACSSthe préseh€IvRREGT Yo e RMfetBodifbr ffin
flowing NZ gas 1nhto the sputtering chanber such that concentration of %ﬁe

NZ gas in_ t.he.chanmber is at.|east 35% by, adj.usting.the flow rate or rtial
br esour @Dy ORI seime@isysfr S ¥ LarashRV  pBinsy o s’ Bl RAAE
silicon:nitrqgen | ayer on top _of the first refractory

met al - sHGoBgH ﬂgftnre@@%hawagérdaffegﬁlaﬁgf:%@esewcmzalglss 5 flowinto the
sputtering chanber; sputter depositing a third refractory

met al - si | i corlt isistitlogethet fyther aspecioyf the prebent sevsoiien toeprouisle @rmpethod for forming
nmetal -silicon-nitrogen |layer; and photolithographically formng the first,
second adcupatituricasahicasdwatyr strtiate sy ddpositing intultigle haylessy@rsfracdy raectabgiAcor-or .
0015 The nmethod for formng a refractory netal -siliconnitrogen capacitor in
a sem Crﬁﬁ*_@%’éf[ B thetsake! cHafbeP By fWabfiRg R fle\e|rhideoft fietiflt Siessafe bf‘nﬁk#%@n apfee@bi ng
the capacitor at a tenperature of” at | east 80C, or the step of ow ng Ar
gas int &Bgrsputtering chanber at a flow rate between about 10 sccm and
about SCcm or the step of flowng Nz gas into the sputtering chanber

at a flow rate. between about 1 sccm and about .1Q0 sccm The net hod y
further incl J&és ﬁ’ﬁtea%"cq]é% ﬁ‘fﬁ’grpéﬁpte%tr Ofgg\ﬁo%ﬁefqnﬁgn‘f%éo?it? snro‘&ﬁa % PRAMICPRGuUgtor

refractory netal -silicon-nitrogen |ayer to a thickness between about Z00
and abow@padpoetructuisrwhiple hag @ vt clpspods, ti migdichdicleettigdayar end as tupper electrode
netal -silicon-nitrogen |ayer to a thickness between about 100 ~ and about
5000 ~.foithed ofthésanersefratiory tnetal-siticbnrdérdgers netterial bt wiphtiiffarerd afpichidmetey.t he
first and the third refractory netal-silicon-nitrogen | ayer each having a
sheet resistance of not higher than 50 ohm'sqg., or the step of sputter
depositing the second refractory netal-silicon-nitrogen | ayer which has a
dielectric constant greater than 7.5. The nmethod 6 may further include
the step of sputter depositing the first, second and third refractory
metal -silicon-nitrogen |layer fornmed of a refractory netal selected fromthe
group consisting of Ta, Nb, V, Wand Ti. 0016 The present invention is
further directed to a sem conductor capacitor structure which includes a

| ower electrode fornmed of a first refractory nmetal-silicon-nitrogen
material that has a sheet resistance not higher than 50 ohmsq: a mddle
dielectric layer forned of a second refractory netal-silicon- nitrogen
material that has a dielectric constant greater than 7.5: and an upper

el ectrode forned of the first refractory netal- silicon-nitrogen material.



0017 Tn the sem conductor structure of a capacitor, each of the |ower

el ectrode and upper electrode is forned to a thickness between about 100 ~~
and about 5000 ~, the mddle dielectric layer is fornmed to a thickness

bet ween about 100 ~ and about 5000 ~. The refractory netal in the first,
second and third refractory netal-silicon-nitrogen material is selected
fromthe group consisting of Ta, Nb, V, Wand Ti . The first refractory
nmetal - silicon-nitrogen nmaterial has a sheet resistance of not higher than
50 ohnfsq., while the second refractory 7 metal -silicon- nitrogen

mat eri al has diel-ectric, constant ter .than 7.5.BRl EF CRI PTI OF
The: DRaw NGS B BEFECERGRBERE R mEEE S roralife A g B e et Mo
present invention will becorne apparent fromthe follow ng detailed .
descri EPRHICANYA SFHBICARIRATIUAMEWF RS FartiGthPutPy e pocefipg ep3 of gosigioning 2
enl arged, cross-sectional view of a sem conductor structure that includes
t he pr gueproceseebeseniienndyetonsibistiatefio p spuitesingichambert Hywing Af gas intefthe spudieying
metal -siliconnitrogen material. 0020 Figure 2 is a graph illustrating data
obt ai nathambe epuisar epositingsd Bt #lrastooyneelisiieonaiengdanaer oh thhsubstigtetfrom a
resi stance of the present invention refractory netal -siliconnitrogen

mat er i gefrffodyiRetal i tar SQANSSIm B 6bES ?éfﬁgtoﬁ‘%' i@ 8Rd 838 icoROfdwink %rés 3
is a graph il'lustrating data obtained in deposition system#1 showng the
depende f . fi j ' f p I.nyenti on I [Yaco
ot al - ot e oG s 10 Mk SoReph R UREN: cafHERE' BimbSy £3F NP5
nitroggg@%$OWL 8 DETATLED DE CRIPTI%EHCF THE PREFERRED EMBOD| MENT 0022
The pr ustig &hit fIOW refie O PRLIGSPLISTHES Plotiz SBRIFTSieRPTIgnE2 seqomd Ceigpqjory metal-
metal -silicon-nitrogen capacitor in a sem conductor structure by the

i n-si t wiliconrpitiggenslayier an topeof s figgt refragtore metaisilicoprnifiegandgesy; slapring thallh
having a different stoichionetry on a sem conductor substrate and then,
phot ol igakographically form ng the nultiple layers into a capacitor. 0023 In
the nethod, a preprocessed sem conductor substrate is first positioned in a
sputtering chanber, Ar gas is then flown into the sputtering chanber to
sputter deposit a first refractory netal-silicon-nitrogen |ayer on the
substrate fromeither a single refractory nmetal silicide target or fromtwo
targets of a refractory netal and silicon. Nz gas is then flown into the
sputtering chanber until the concentration of the Nz gas in the chanber
reaches at least 35 ~ by volune by adjusting the flow or partial pressure
of Nz, a second refractory netal-silicon-nitrogen layer is then sputter
deposited on top of the first refractory netal-silicon-nitrogen |ayer. The
Nz gas flowis then stopped to deposit a third refractory

nmetal -silicon-nitrogen | ayer on top of the second refractory

nmetal -silicon-nitrogen |layer. After the deposition of all three refractory
netal -silicon-nitrogen |layers, the |ayers are photolithographically forned
into a capacitor.



9 0024 The present invention novel nethod may be foll owed by an optional
anneal i ng step, wherein the capacitor structure is in- situ annealed at a
tenperature of at |east 80C, and preferably at a tenperature of at |east
100°C. In the preferred enbodinent, the Ar gas flows into the sputtering
chanber fabwa fritow thake Hettweeniapouthat®esccnspndtaboute 200 tsicegn aThieh Ned gas
flows into the sputtering chanber during the formation of the mddle
refract peyraetalysihécab-siliogeAnlayegenf Iiwr sheettopsicst anbe age@ohd ow
rate between about 1 sccm and about 100 sccm 0025 The invention further

di scl osesraasesirgonduct ormsthucklecoh-aieapaent or thati1hgegpnstruct eghby a
| oner electrode, a mddle dielectric |ayer and an upper el ectrode. The

lover epgethodenaRdaihe dANer et sainnde ane bethstormdohe fdd$t thirg
refractory netal -silicon-nitrogen material that has a sheet resistance not

hi gher EE%Ea@Qo%@”&%%a&J@ﬁﬂf%dﬂ“hﬂ@ﬂ@ﬁé%fﬂéﬁéﬁg[ﬂd%dEE“Haﬁét{€6P?d of a

second refractory netal-silicon-nitrodgen material that has a dielectric

constant greater than 7.5. Each of the | ower and upper el ectrodes and the
m ddle dielectric layer is formed to a thickness between about 100 ~r and

about 50819 . Theuief pachony feLaledmthe i rale Lbeoseeqnd ands{heothird

refractory_lO_ metal -silicon-ni'trogen erial s nay be” se romth
group CRQ%E%%E%Q SBpgéitgg’ fh Yya@%nﬁkbnductor structure may further

include the step of in-situ annealing the capacitor at a
temperature of at least 80°C, or the step of flowing Ar gas into
the sputtering chamber at a flow rate between about 10 sccm and
about 200 sccm, or the step of flowing N, gas into the
sputtering chamber at a flow rate between about 1 sccm and about
100 scem. The method may further include the step of sputter
depositing the first and the third refractory
metal-silicon-nitrogen layer to a thickness between about 100 A
and about 5000 A, or the step of depositing the second
refractory metal-silicon-nitrogen layer to a thickness between
about 100 A and about 5000 A. The method may further include
the step of sputter depositing the first and the third
refractory metal-silicon-nitrogen layer each having a sheet
resistance of not higher than 50 ohm/sg., or the step of sputter
depositing the second refractory metal-silicon-nitrogen layer

which has a dielectric constant greater than 7.5. The method

6



0026 Referring initially to Figure 1, wherein an enl arged, cross-sectional
view of the present invention CMOS structure 10 with a capacitor stack 20
and an insulating material layer 12 formed on top is shown. A | ower

el ectrode | ayer 14, a dielectric layer 16 and an upper el ectrode |ayer 18
are depeasiyt ethofheef naclany mMal ssebi o@n-spitogendapbeiicahy thad havet,
different stoichionetry and patterned over the diffusion. barrier 22. The

i nsul at ise@omt el thayer rézrbstd%}pme&%q-@\iqriddiﬁ—rgrttﬂddgeeryvajf@fe@nﬂoﬁx@é@ act
openi ngs 24,26 and 28 are etched ich are latter filled with a conductive

mat eri alof Qf FOFF NG L) epbfhtaketontagt $rop e Yddusi @ndbaivies 2. rhhe
fuse 30 and the resistor 32, respectively. In the particular structure 10
shown i rj, Figune g tthe diffusion barrier 22 prevents reaction between the
| ower el ectrode 14 and the polysilicon contact via 34. The fuse 30 can be
blowmn by forcing a large current through the line-fuse material-via
structure causi ng excessive heating and nelting in the fuse material and

t hus, | f eleghric C ctiyi . 0027.A refractary ..

met al - sill c68n- ni tﬁg)geenagn%?%é;lﬁggl %ﬁg%xgéggasﬂﬁ hf;l%fsur\;%\n%&é: r adnlgreecotfedel etc? rial
resistiviti.es d ndi ng on_11 the, stoichiometry of the.TaSi N fil For
| not ancESTURRI haral BEPRBPEr | RG WSS ond LFTI md PANGERG 17 o ©7S"
ohmcmtq nearly 10~ ohmcm can be obtai ned varyi the. nitrogen to
orgon s thode ‘FopRRd Wh °30 T ser ot aqiebdt it H oo T A brgen
partial pressur.e qf nitrogen. At higher nitrogen ratios, the film becones
PRoul at PGSR (et dios nir SBEBE] HOBLEEAPFEar dted i ETb e Rih 10 PROGER
flowis nonotonic, but the jncreases are nuch steeper at the higher

ni troger fl%ﬁﬁﬁaﬂi o‘gl.ejﬂ%‘%%“f‘ébl ayeLhowSTH&Ea G tHfe rBWRIDnsHEprdetIeen

t he sheet resistance of TaSiN filns and_the nitrogen percentage in the

ar gon sP@tEerifig Wosmel L ot BRFarsali shed hesTabldlalertel GeporsEaR | n
deposition system #1 by adjusting the flow of NZ into the Ar sputtering

pl asma. IHERET t YRARNE -poi MANE eSS tRRRIT nBASGLERERt Towmedht 68 the first
non-uni formty increases as sheet resistance increases with greater anmounts
of nitr dGHFaGtame rgiRtersingl G ETHEL rTEIRN &AEHTEala significant uniformity
degradati on occurs when nitrogen content increases from40 to 44, which is
acconpani ed by a sheet resistance increases of an order of magnitude. 12
Table 1 NZ in Ar Sputtering RsUniformtyPl~ma (vol $ 1(Chnisa~, , 149points
$), 4?. 5.0084. 4728. 64 *1G35 @ OABHS: By Hiesrciude 70074 . 6242 62uan0. 933h 30815
.474. 432255. 55. 836528. 39. 240172717. 2441466329. 84865777044. 3 0029 Tables 2
and 3 shdwe dlanay i cipregrerat@sufReY tave TaShde chpbsimeédnto whi thiakeess
insul ators and can be used as a dielectric for a capacitor application. The
mat er i alketvestredaboufadlss 3 amtd 3aene dePoti fed the depokili onisysteni ¢#2
by adjusting the partial pressure of NZ into the Ar sputtering plasma. The
capaci t anggr di ssifpainean f@achorhartkndisel esétweegonpoamt e Ahawn asbéut
function of applied frequency. For both filns, the dissipation factor

| ner easeghol (A1 NORRASAG LERRNGN Gl her €3S ciae #ll BLECt SheofaNHRNt th £rd

slightly lower at higher frequencies primarily due to the higher |oss
di ssi : ¢ in, p it hi
Tabi o o pEparen et e 406! £y L RS ERORL BRI sl Mk b 1 The e
Di ssi patj i ' Fagt t =10 k 9 0 40 Kk
5 425Lgaérg%ppgc_e@?%%&ﬁn%gégﬁéa@%gogv_,f%séﬁﬁ 710 K3 P& 028:Px2: 40y
metal- silicon-nitrogen material has a sheet resistance of not

higher than 50 ohm/sq., while the second refractory



Table 3 58.7 nmTa: Si: N 9.8:30.2:59.9 (30~ Nz in Ar) Frequency Capacitance
Di ssipation Dielectric ~hz) (nF) Factor Constant 10 k 282 pF 0.010 8:4 40 k
274 pF 0.034 8.1 100 k 267 pF 0.050 7.9 0030 As shown in Tables 2 and 3,
the first sanple in Table 2 has a conposition of Ta:Si:N of 7.7:30.7:61.5
and was mpitepaisad idi+ St Motogen NitZ0geml n Wes pl &S @i e Tder SB€0NCos8Ph €
shown in Table 3 has a conposition of 9.8:30.2:59.9 and was prepared with
30~ nit Q@R d" NaPlasta. The dielectric constant for the materials is
shown as a function of frequency by using a CV neasurenent technique. The
di el ectric constant decgpages D@Eicglitplﬁowi o eaueagyndde to the increase

in the dissipation factor. The dielectric constant of the present invention

TaSi N i tween 8 a u 14 e ri FiLgure
2, wherz)ioﬁ%a gr apﬁiq%go%tggdomgﬂ%gt BPigggfﬁ’éncfeeao the %Jg@i ﬁ%?ﬁal%(r%\égtae% aég
functionof e@fé%&ﬁ@”i‘n%%h&o%%ﬂ! @%c%}nés Sﬂfr%n?w?roﬁ' ¢ ree.fofi‘cS’\Yz‘?ngi‘
graph plott of "resisStance unitorm ty "al so a function of nitrogeéen i
the sputteri, | asma.. The uniformty degrades w th higher percentages of
N2 it RS TR SR T A 02 SR RPeL e =T HBRCT Bt REvel et hod
uses a nufti-layer structure of TaSiN, each with a different conposition to
achieve a final material resistance. By utilizing the novel nethod, the
process %g dow for_the fabricati on process can be greatly increased.fFor
exanpl e 9417 i s podsiBteEto obtaPh s rgedi sCANEE PACheO et ek 19T 2
K-ohnf square to insulate with a better uniformty control) 0033 Anot her
benefi t PG BETHE Pies et ndéftivgesnotBR neffsants ipgention
possibility for depositing nufti-layer filnms in-situ to fabricate a
capaci t GrRPIHt Bk edf Pf sthgepodiryeds G shedfracienapetal+oiibcan-
predet erm ned thi ckness as the bottom el ectrode, then deposit fromthe sane
target BUCRGAGD afigihiedlnitrogen flow to forma dielectric film and
finally deposit the third | ow sheet resistance filmas the top el ectrode.
The present invention novel nethod may optionally include an in- situ
anneal ing step such that the sandw ched film 15 is ready for capacitor
patter niOW£0 t he fdbrdwie i @n &8sta andapher étbvetrakihod ddia onbyadnedabl e
for applications, such as integration suitable for inplenenting high- ¢
packagi MgHaRidi Lomhisysti¢rowst b refaoeiion the nedepehdepcesedf ibivent sheet
sem conductor front--end with devices, but also iensity capacitors at the
Q034 Theegwieganced neéntilon poeskentaphcvent iomy red rbotwey byelalesthttony
metal -silicon-nitrogen material such as TaSiN. The refractory netal may
al so be rsidlmmpiesd rhatoarise gnotpeohidlregent ssadrsits thyngadifudNb ng/, n W aogle T .
In a typical refractory netal silicon-nitrogen conposition of TaSiN, the
conposi tdagn. may contai n between about 5 at. % and about 55 at. % Ta,
bet ween about 10 at. % and about 45 at. % Si, and between about 30 at. %
and about 80 at. % N. The sem conductor structure wherein the capacitor is
formed may al so i nclude a conductive elenent used to establish electrical
connecti0@2w th t helgapacidt ols The geraptiuct i Vveseleteny rintdeobonteddofin
doped polysilicon, netal silicide, polycide, refractory netal, al um num
copper atubaditoysn t heyeoém 0035 Thewiabr acher y dsicaldesidd CHE nitli®geniln
films, such as TaSi N, have the advantage of being either insulating or 16
uniformity of the present invention refractory

metal-silicon-nitrogen material on the nitrogen content by

adjusting nitrogen flow.



resistive depending on the ratio of refractory netal to the silicon to the
nitrogen. The filns are thermally stable to | annealing at tenperature up
to 800C. 0036 The present invention novel nmethod can further be used to
fabricate a nodul ated RC stack structure by nodul ating the m xture of
nitrogen to arg@ETAITIEDY D SRIRTEGN @ F @pids i RRERE AR R &MBOIMNDENTThe present
i nvention novel nethod for formng refractory netal-silicon-nitrogen

capaci t @022and t hahsd eisyras ifroramd diave ddieysefore degioandy fleseinded in
t he above description and in the appended draw ngs of Figures 1-3. 0038

Wi | e t he prReMy imyeat+onlhasnbeenrdessr ickeddiftcan ih| BStdahi vendRaner |
it should be understood that the term nology used is intended to be in a

nat ure @f RIS DfhHesrEl Rii-an txatffimtrgn, of m{J:!LHi.'LE)@Ei oR-£ RR3IQ rRurhdwes for e,
whil e the present invention has been described in terns of a préferred

enbodi menty,; ddn Jrs QR APRIAE ARG, thati s skdd degk 1 d e Ade ¥y lon
I f ?%e

readily apply these t'eachings to other possible variations o

| nventi ons. s 3; 00890 Jhe eltbadiaznl ofpd hehavent Lo 5y Y G 4 £ 1451 ve

property or privilege is claine I ne
forming the multiple layers into a capacitor.

0023 In the method, a preprocessed semiconductor substrate
is first positioned in a sputtering chamber, Ar gas is then
flown into the sputtering chamber to sputter deposit a first
refractory metal-silicon-nitrogen layer on the substrate from
either a single refractory metal silicide target or from two
targets of a refractory metal and silicon. N, gas is then flown
into the sputtering chamber until the concentration of the N;
gas in the chamber reaches at least 35 % by volume by adjusting
the flow or partial pressure of N, a second refractory
metal-silicon-nitrogen layer is then sputter deposited on top of
the first refractory metal-silicon-nitrogen layer. The N; gas
flow is then stopped to deposit a third refractory
metal—silicon-nitrogen layer on top o©f the second refractory
metal-silicon-nitrogen layer. After the deposition of all three
refractory metal-silicon~nitrogen layers, the layers are

photolithographically formed into a capacitor.



1% What Ts Clainmed Ts: 1. A nmethod fox forrning a refractory

nmetal -silicon nitrogen capacitor in a sem conductor structure conprising
the steps of: positioning a preprocessed seniconductor substrate in a
sputtering chanber; flowing Ar gas into said sputtering chanber; sputter
depositing a first refractory netal-silicon nitrogen |layer on said
substrate; flowwing Nz gas into said sputtering chanber such that

concent paRijon of gaied P2 gas | nsaitth ehanbeeli seghobeasty ¥~ Myl Adjaustibyng
the flow or partial pressure of N2 ; sputter depositing a second refractory

net al - sidni Cft Wid1008MnEaYehgOBLepn Hhesddih first caphtaeber wimicdns 1ison
nitrogen | ayer; stopping said N2 gas flowinto said sputter chanber

sputter i‘?le»po%,g"chngaﬁn%héé regfragt ?Eé&nﬁ@fré’ca?é' I GPN 4 trogan | ayeE, o AQP

of said second refractory netal -silicon

preferably at a temperature of at least 100°C. In the preferred
embodiment, the Ar gas flows into the sputtering chamber at a
flow rate between about 10 sccm and about 200 sccm. The N; gas
flows into the sputtering chamber during the formation of the
middle refractory metal-silicon-nitrogen 1layer of high sheet
resistance at a flow rate between about 1 sccm and about 100

sccm.

0025 The invention further discloses a semiconductor
structure of a capacitor that 1is constructed by a lower
electrode, a middle dielectric layer and an upper electrode.
The lower electrode and the upper electrode are both formed of a
first refractory metal-silicon-nitrogen material that has a
sheet resistance not higher than 50 ohm/sg., while the middle
dielectric layer is formed of a second refractory
metal-silicon-nitrogen material that has a dielectric constant
greater than 7.5. Each of the lower and upper electrodes and
the middle dielectric layer 1is formed to a thickness between
about 100 A and about 5000 A. The refractory metal in the

first, the second and the third refractory

10



nitrogen | ayer; and photolithographically formng said first, second and
third refractory netal-silicon-nitrogen |ayers into a capacitor. 19 2. A
met hod for formng a refractory nmetal -silicon nitrogen capacitor in a
sem conductor structure according to claim21 further conprising the step of
i N-si t unaRBRQalsiing ceai-th icapat ofiattér Balenpeyaber eelectied emsim 8Ke Jrodp
met hod for formng a refractory netal -silicon nitrogen capacitor in a
sem congueisalstShiguelfurme ,aqqor df Ngi tanhe¢lmi m 1 further conprising the step of
flowing said Ar gas into said sputter chanber at a flow rate between about
10 sccm and about 200 sccm 4. A nethod for formng a refractory
netal -silicon nitrogen capacitor in a sem conductor structure according to
claim 1 nfurt her c |,S1Ng, the; fofl ow sai d into j
sputterog%éﬁber a?ﬁgﬁ?ﬁgaﬁéaygl%%%gk ntébgéFG%esgéHRQEH§§§BG¥H1%§?§g%%9’5.
A et hod for. forming A refdacker ynietakaahli 40 hltiagencanaclior, 10 2o
sem conductor “structure according to clarm 1 furthér conpri sifig e step
sputter depositing._said first and.said third re ctor .
ot al - SRRorR nP PP BgeROF ayir o a0t Arakirdsetof FAE Shdh hassat etod avemql?
about 5Q00 ~.. 20 %. A method for for 'ng a refrictfr¥ met I-silhign
ni t rogerr OCHSSci €& itFPa ¢8m EORUTct or &trultbFe SCEGFEPAG t02¥FEIimEr @
further gonprisi,ng the ste f sputter depositi sai d second refractor
net al - si Jieg(%ﬁ-trﬁltcgogl@ryqray@ré)t oargélt Hi Tt k 184 of %ﬂ?%‘éﬂd%boﬁ?yﬂﬁo Lgan@lrg
about 5000 7. A nethod for formng a refractory netal-silicon nitrogen
capaci t&eH%%eéjenPéorr‘é‘%Jg’E%‘Ft%’EYug’l%" Ahg At F Wt nfne tegriedsr that
conprising the step of sputter,depositing said first and said third

a

ref r act $&V et b LT EoBHAITHREIF Y Y ef P a P HHQHNRY aC¥RBett e sPsf Anetonf

not hi gher than 50 ohni sq. , , ' ]
barrier 22. The insulating material layer 12 is deposited over

of

the entire wafer and contact openings 24,26 and 28 are etched
which are latter filled with a conductive material for forming
electrical contacts to the diffusion barrier 22, the fuse 30 and
the resistor 32, respectively. In the particular structure 10,
shown in Figure 1, theé diffusion barrier 22 prevents reaction
between the lower electrode 14 and the polysilicon contact via
34. The fuse 30 can be blown by forcing a large current through
the line-fuse material-via structure causing excessive heating
and melting in the fuse material and thus, loss of electrical

conductivity.

0027 A refractory metal-silicon-nitrogen material such as

TaSiN has wide range of electrical resistivities depending on

11



8. Anmethod for formng a refractory netal -silicon nitrogen capacitor in a
sem conduct or structure according to claim1l further conprising the step of
sputter depositing said second refractory metal -silicon-nitrogen |ayer

whi ch has a dielectric constant greater than 7.5 9. A nethod for fornmng a

refractqiy, 'Eectc?:ﬂc?r?iiézﬁef?ﬁli}:@{ b £ 09N, CONDACEL O 1 Np &y Sfﬂ?HEEQHQH(Et gﬁdéET HELHEE

according to claim1l her conprising the step of sputter depositing said

first, Srftco%uac’t!‘élztigug d c%ﬂgiri?%%y Mgt @5 Si ££8§Pﬁ€i tf&%ﬁ “1ddazy ]?iroEmL%HmV\?gﬁL

a refractory neta ecte rom the group consisting _

Ti . 21 __10. A pet for 1.ng refractory | -silicon nitrogen,
capaci tonre':}r%ya ]S'gﬁ‘l ggﬁ‘d&%‘t oéraol{smraﬁcto%)rtea%%eg%r §¥ng‘ﬁefe%‘%°crfgai th frh%%%q to
conprising the step of sputter depositing,_ said first, second.and.thir
refract ‘ﬂ%tﬁ?tkgii&oﬁ:nFFP@ggn‘ngErg F?oﬁgavg&utﬁbiﬁhga ar gfn%ffgow
refractory nmetal silicgide. 11. A nethgd for formng a regta tory |

met al - siidon i t PEFERCapREFEERTEN QX st tordfitt or it uBLEPETacBoFEPAG t 0
claiml1 further conprising the step of sputter depositing said first,
second %ﬁ?%QﬁwdtP%fﬁééﬂb%VWﬁﬂ%ﬁ-gpﬁpéé iﬁgtrod@§5l59EFSQﬁwﬁﬁ@¥@ﬁse in
sputtering targets of a refractory netal and a_silicon. 12. A sem conductor
capacitéﬁQQQRRQQ#erééhﬁFﬁ§PﬁgW1§%l&WﬁrQQ%ktfb@@ fler MR IOl G4 rlggt the
refractory metal silicon-nitrogen material having a sheet resistance not

hi gher t3HuH 06 &Fhrd 89): MECh HeR YT edectne chiaher rbErededf fioyesahdos.
refractory nmetal -silicon-nitrogen material having a dielectric constant
greater than 7.5; and

0028 Table 1 shows data on the relationship between the
sheet resistance of TaSiN films and the nitrogen percentage in
the argon sputtering plasma. The materials listed in Table 1
were deposited in deposition system #1 by adjusting the flow of
N, into the Ar sputtering plasma. The forty-nine point
registance measurement indicates that film non-uniformity
increases as sheet resistance increases with greater amounts of
nitrogen in the sputtering plasma. For example, a significant
uniformity degradation occurs when nitrogen content increases
from 40 to 44, which is accompanied by a sheet resistance

increases of an order of magnitude.
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an upper electrode formed of said first refractory nmetal -silicon-nitrogen
material. 22 13. A sem conductor structure of a capacitor according to
claim 12, wherein each of said |ower electrode and upper el ectrode being
formed to a thickness between about 1.00 and about 5000 14. A sem conduct or
structure of a capacitor according ta@aglla m 12, wherein said mddle
dielectric layer being forned to a thickness between about 100 ~ and about
5000 15. A sew canductpuitsledrucigresof a capagitefmaegording to claim 12,

wherein said gefdqmactofyl megpl in said foRsisgsecend ghdntbirg, refractory
metal -silicon-nitrogen material being selected fromthe group consisting of

Ta, Nb, V, Wand Tj. 16. A sem conduct®& §éructu5e of a capacitor according
to claim12 wherei-n said first refractgogyonetal - ?IC n,nitrogen | ayer has
a sheet resistance @f not higher than hnt sq. 17 §en1conductor
structure of a ca itor according to g a m 12, mhere n said second
refractory netal -sjdicon-nitrogen Iaye hg a d| gctrlc constant greater
than 7.5. 23 . AyH. Aéf 2{ ?HSY An,| Al | .A5@E .A5S

. ASHY. AyHF. Ay[ s.

24 100.73 4.3
28 151,47 4.4
32 255.5 5.8
36 528.3 9.2
40 1727 17.2
44 14663 29.8
48 657770 44.3
0029 Tables 2 and 3 show electrical properties for two

TaSiN compositions which are insulators and can be used as a
dielectric for a capacitor application. The materials listed in
Tables 2 and 3 were deposited in deposition system #2 by
adjusting the partial pressure of N, into the Ar sputtering
plasma, The capacitance, dissipation factor and dielectric
constant are shown as a function of applied frequency. For both
films, the dissipation factor increased with increasing
frequency whereas the dielectric constant is slightly lower at
higher frequencies primarily due to the higher loss (dissipation

factor). The error in the measurements is within + 10%.
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.An. AS5@ .AH Y .A _AY! .AH . A5, Y . A9l A& A Al 6Wh! ~9KgNOQT+,t u j" =
\Y
c{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caV]cTa]ca]ca
Jca]lca] cal] ca]ca]ca] cal]ca]ca]lcalca]cTal cCJIDtylr2g /Z}xsnid _Z]]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajaealeca] ca] ca] ca] ca] ca] ca] cal ca]caJca]c
a) ca] caj] ca!
U H) #KHHASDS SRS a1t K, - R, 74 BESML 1.7k ¢adsakicalalep] ca] ca] ca] ca ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]lcalcal/S//00
00L1U5557]101#ﬁé§@enc Capacitance Dissipation Dielectric

.?AA§é{vp f

c

>>' ST>>>>>7>7 X2 fa a] ca] ca] ca] capgrpl gal cal capgateaglcal cal cal
ca]ca]ca]cAaTg%?%5T65TE5TE5T%%F%5TEﬁTEETEﬁTEﬁ%EE?%ﬁTtﬁT‘ETHLUttupﬁHbKKKK%D
LLLLMVMVEN' NNNINGDO* POPDPyY PPPR} ¥'S

] ca] ca] ca] ca] gl ga] ca] ca] ca] £,4] i] ca] cal cajc a] cal galca] ca] ca! PQ
CpCﬁﬁRBRIRRRé%%p%ySSSS&E; Y:Y3gg W FXs ig_Z tJcalcalca]ca]lca]ca]c

a] ca] ca] ca] caj] ca] ca] ca] caJ ca] ca] ca] ca] caJ¢a] ca] ca]ca] ca] ca]ca]ca] ca]caJca]c
alcal Wf\\\]E]]1]1]"$_Z "4 g " " alaabc4d>dAd} x} xsni d_Z] c] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca]ca6Vh!~iK-$10%&f()-f$10%&f()-9‘!1%W'ﬁg-
10%&'()-,nﬁO%&'()-10%&'()-%0%&'()-~9 é% -ﬁ‘10%&'()-@&10%&'()-#NIlO%&'()-s!
109%& ()-' 109K ()-310%& () :$10%& () - STgH=y' 1 ,

10' oag)m% 0& éhmﬁ&&l(‘;ﬂ N%(ié)é & (gigF%%i@)g%)sﬁﬁgfdb/«gi‘ﬁ())-&g- 109& ()-sj"

gd_Z]c]ca]gg%f@]ca]cgl;a]ca]ca]ca]ca]ca]ca

Frequency Capacitance Dissipation Dielectric
(hz) (pF) Factor Constant
10 k 282 pF 0.010 8.4
40 k 274 pF 0.034 8.1
100 k 267 pF 0.050 7.9
0030 As shown iﬁ Tables 2 and 3, the first sample in Table

2 has a composition of Ta:Si:N of 7.7:30.7:61.5 and was prepared
with 50 vol. % nitrogen in Ar plasma. The second sample shown
in Table 3 has a composition of 9.8:30.2:59.9 and was prepared
with 30% nitrogen in Ar plasma. The dielectric constant for the
materials 1s shown as a function of frequency by using a C-V
measurement technique. The dielectric constant decreases
slightly with frequency due to the increase in the dissipation
factor. The dielectric constant of the present invention TaSiN

is between about 8.0 and about 9.5.
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V Myy 10%& ()- 109 ()-y $10%& ()-$10%& ()-y$10%& ()- Y$10%& ()- 10'o

10' oV cCdEniNVyy 109! ! 109%&' ()-y3

109 () -y$109%& ()- !'109& ()-ySH10%& ()-M 10%& ()-C[ JAEMN yy

10% F. $109%& () -, '10%&' ()-f)F109%& ()-f' $109& ()-% ! 10%& ()-fy# ! 109%& ()-JDt

vwxydYN@QO3110% 10 RéFelflyiSig now to Figure 2, wherein a graph plotted of

T109& () -S610%& () -f4$109%& ()-2 ' 109% ()-f 010% ()-ylr 2dEYNCyy 10%

{%10%&' (Sndelt0%e {Ist ard dD % (Dhd 1094 N ) £ SHAH%Es (3 - Fuh dOVn (o f YNy YeA0% 10
the sputtering plasma is shown. Figure 3 shows a graph plotted
of resistance uniformity also as a function of nitrogen in the
sputtering ©plasma. The uniformity degrades with  Thigher

percentages of N; in the Ar sputtering plasma.

0032 The present invention novel method uses a multi-layer
structure of TaSiN, each with a different composition to achieve
a final material resistance. By utlilizing the novel method, the
process window for the fabrication process can be greatly
increased. For example, 1t is possible to obtain sheet
resistance values between 15 K-ohm/square to insulate with a

better uniformity control.

0033 Another benefit made possible by the present invention
novel method is the possibility for depositing multi-layer films
in-situ to fabricate a capacitor. For example, first deposit a
low sheet resistance film to a predetermined thickness as the
bottom electrode, then deposit from the same target but with a
higher nitrogen flow to form a dielectric film, and finally
deposit the third low sheet resistance film as the top
electrode. The present invention novel method may optionally

include an in- situ annealing step such that the sandwiched film
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10y910%&' () - z#10%&' ()-y$10%& ()- " !'10%& ()-ySs10%& ()-j/dEYNCyy 10%

yS$10%& () -y$109& ()- yP$1l0%& ()-y $10%&' ()-y$10%& ()-sM 10%&' () - ZxnbCyy

1096$109%& ()- 10 10 10y9109%& ()-yGLO%& ()-y$109%& ()-yl $10%& ()- "~ @y

10! MB10% o0& () - gsMB10% o0& () -, MP10% o0& ()- 10 10

106s10%&L § ) reFfy10es (Oapacitoy)prkeueoyyng. This allows a reduction in

10f MB10% o0& ()- 10% o0& ()-F 10% o0& ()-, Mb10% o0& ()- 10'o0 10'o0

10' 06t 108b@&Lebr#48p$e808mEICygnd therefore, made the present invention

109%4.0% o0& () - &$10% o0& ()-$10% o0& ()-&$10% o0& ()-9%$10% o0& ()-9%10% o0& () - Y&&

&&&&>( +-me@lyod 0s: $A0% 08h (Y- 3 sutBRAe& (Yeor !, s8h@Wn@hctor  front-end
applications, such as integration with devices, but also
suitable for implementing high- density capacitors at the

packaging level.

0034 The present invention novel capacitor may be formed by

a refractory metal-silicon~-nitrogen material such as TaSiN. The

refractory metél may also be selected from the group of elements
consisting of Nb, V, W and Ti. In a typical refractory metal-
silicon-nitrogen composition of TaSiN, the composition may
contain between about 5 at. % and about 55 at. % Ta, between
about 10 at. % and about 45 at. % Si, and between about 30 at. %
and about 80 at. % N. The semiconductor structure wherein the
capacitor is formed may also include a conductive element used
to establish electrical connection with the capacitor. The
conductive element may be formed of doped polysilicon, metal
silicide, polycide, refractory metal, aluminum, copper and

alloys thereof.

0035 The refractory metal-silicon-nitrogen films, such as

TaSiN, have the advantage of being either insulating or
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10' 0 10' 0 10' 06510% 0&' ()-) 9%10% o0& () - +++++:,,,-bCyy 10' $10% o0& () -
:$10% 0&' ()- 9 $10% 0& ()- '$10% o0& ()- 10'0 10'0

10' 06" 10% 0& ()--& ,.a../ S/ dEbCyy

109610% o0& ()-!"' $10% o0& ()-$10% o0& ()-' $10% 0&' ()-10% o0& ()-:$10% o0& ()-S//
0000000ceNG\BL inGEe 10epen@iog on the ratio of refractory metal to the
10' 0610% 0&' () - F4&$10% o0& () -.: $10% o0& ()-*: $10% o0& ()-' $10% o0& () -0L1u5555
557xmbCpd NIOShH 10U {9 - Mit@ogebQ' 0 The films are thermally stable to
10' 0610% 0&' ()-19%10% o0& ()-f $10% 0& () - @@ $10% 0& ()-7]: :a:b:c:k:::bCyy
10310% &rnea B WAL (Qemperature up to 800°C.

0036 The present invention novel method can further be used
to fabricate a modulated RC stack structure by modulating the
mixture of nitrogen to argon during a sputtering deposition

process.

0037 The present invention novel method for forming
refractory metal-silicon-nitrogen capacitors and the structures
formed have therefore been amply described in the above

description and in the appended drawings of Figures 1-3.

0038 While the present invention has been described in an
illustrative manner, it should be understood that the
terminology used 1is intended to be in a nature of words of

description rather than of limitation.

0039 Furthermore, while the present invention has been
described in terms of a preferred embodiment, it is to be
appreciated that those skilled in the art will readily apply

these teachings to other possible variations of the inventions.
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010% & ()- 10H 10H 10HE10%1&' () -9%10%4&" () -::::::::iJ+C310% & () -

310% & ()- 310% & ()- 310% & ()- #3{ 310N & ()- 310% & ()- ::::::::0ULCH3{
310% & ()- 310% & ()- 310% & ()- 310% & ()- #3{ 310% & ()- :::::::eF1CH3{
310% & ()- #3{ 310% & ()-

0040 The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.
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3100 & ()- 310% & ()- 310%N & ()- ::::::::]KIC10% & ()- 310% & () -
310% & ()- #3{ 310% & ()- 310% & ()- 310% & ()- :::::::]KIC310%N & () -
310% & ()- 310% & ()- 310% & ()- 310% & ()- #3{ 310% & ()- :::;
;] FLC310% & #3{ 310% & ()- 310% & ()- 310% & ()-

What Is Claimed Is:

1. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure comprising the
steps of:

positioning a preprocessed semiconductor substrate in
a sputtering chamber;

flowing Ar gas into said sputtering chamber;

sputter depositing a first refractory metal-silicon
nitrogen layer on said substrate;

flowing N; gas into said sputtering chamber such that
concentration of said N, gas in said chamber is at least 35% by
adjusting the flow or partial pressure of N; ;

sputter depositing a second refractory metal-silicon-
nitrogen layer on top of said first refractory metal-silicon
nitrogen layer;

stopping said N; gas flow into said sputter chamber;

sputter depositing a third refractory metal-silicon-
nitrogen layer on top of said second refractory metal-silicon-
nitrogen layer; and

photolithographically forming said first, second and

third refractory metal-silicon-nitrogen layers into a capacitor.
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3100 & ()- #3{ ; ,,,,,,eF1C310% & 310% & ()- #3{ 310% & ()- 310% & ()-
310% & ()- 310% & ()- ; ;!':;%&);0;1;) KIC310% & ()- 310% & ()- 310% & () -
#3{ 310% & ()- 310% & ()- 310% & ()- 1;5;6;9;7?;C, D, eKIC310% & () -
310% & ()- 310% & ()- 310% & ()- 310% & ()-
2 A method for forming a refractory metal-silicon~
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of in-situ annealing said

capacitor at a temperature of at least 80°C.

3. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor strﬁcture according to
claim 1 further comprising the step of flowing said Ar gas into
said sputter chamber at a flow rate between about 10 sccm and

about 200 sccm.

4, A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of flowing said N; gas into
said sputter chamber at a flow rate between about 1 sccm and

about 100 sccm.

5. A method for forming a refractory metal-silicon-
nitrogen capacitor 1in a semiconductor structure according to
claim 1 further comprising the step of sputter depositing said
first and said third refractory metal-silicon-nitrogen layer to

a thickness of between about 100 A and about 5000 A.
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#3{ 3100 & ()- DEH N R S T, eA1C310%#3{ 310 & ()- 310% & ()- (3100 & ()-
310% & ()- #3{ T, W\;];b;c;f;l;eK C310% & ()- {310% & ()- #3{ 310% & ()-
310% & ()- 310% & ()- 310% & ()- l;q;r;s;v;}; ~;eK C3L0N & ()- {310% & () -
310% & ()- 310% & ()- (#3{ 310% & ()-
6. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of sputter depositing said

second refractory metal-silicon~-nitrogen layer to a thickness of

between about 100 A and about 5000 A.

7. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of sputter depositing said
first and said third refractory metal-silicon-nitrogen layer

each having a sheet resistance of not higher than 50 ohm/sqg.

8. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of sputter depositing said
second refractory metal-silicon-nitrogen 1layer which has a

dielectric constant greater than 7.5

9. A method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure according to
claim 1 further comprising the step of sputter depositing said
first, second and third refractory metal-silicon-nitrogen layers
formed of a refractory metal selected from the group consisting

of Ta, Nb, V, W and Ti.
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a lower electrode formed of a first refractory metal-
silicon-nitrogen material having a sheet resistance not higher
than 50 ohm/sq;

a middle dielectric layer formed of a second
refractory metal-silicon-nitrogen material having a dielectric
constant greater than 7.5; and

an upper electrode formed of said first refractory

metal-silicon-nitrogen material,
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according to claim 12, wherein each of said lower electrode and
upper electrode being formed to a thickness between about 100 A

and about 5000 A.

14. A semiconductor structure of a capacitor according
to claim 12, wherein said middle dielectric layer being formed

to a thickness between about 100 A and about 5000 A.

15. A semiconductor structure of a capacitor
according to claim 12, wherein said refractory metal in said
first, second and third refractory metal-silicon-nitrogen
material being selected from the group consisting of Ta, Nb, V,

W and Ti.

16. A semiconductor structure of a capacitor
according to claim 12 wherein said first refractory
metal-silicon~nitrogen 1layer has a sheet resistance of not

higher than 50 ohm/sqg.

17. A semiconductor structure of a capacitor
according to c¢laim 12, wherein said second refractory
metal-silicon-nitrogen layer has a dielectric constant greater

than 7.5.
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