;e3eeb TF2 Ob6THS2- ~ ,Lt !.>> ~ 200~ METHOD FOR FORM NG REFRACTORY
METAL- SI LI CON- Nl TROGEN CAPACI TORS AND STRUCTURES FORMED Fi el d-&f A6 2004
| nvention The present invention generally relates to a nethod for =~
fabricating sem conductor devices incorporating capacitor elenents forned
of refractory netal-silicon-nitrogen and devices fornmed and nore
particularly, relates to a nethod for fabricating sem conductor devices
that i ncorporates capacitor elenments formed by depositing nmufti-Ilayers of
refractory netal-silicon nitrogen in the sanme process chanber by varying
processi ng conditions and devices fornmed by such fabrication. Background of
t he | nvent i oM EPHOENTORNBQBRMING REFRAGTIORY MEPAdi-SHLKCQNeNFFRQGEN | v
formed in-situ in a sem conductor structure. For instance, an in-situ

formed capacitor can becAPHUUITORSLANDSIRUCTANRPRIFASREASp enory device. The
process required 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

AVRIVRHA
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~~~ ~ Yy ~ 200g the capacitor is conplicated. It involves the dqug ”‘2@@*
different layers of materials by different chem cal processes,

likely, it different process chanmbers. For instance, |ayers deposited of a
polysilicon material are frequently used as the electrode, while |ayers
deposite S ting ri al. such silicon oxide are frequentl
used as ? hé & é%égﬁd#glég%#ﬁb Eeedjpro ssl?ﬁg %?8r§g¥% qutr et 5h9¥|8
nunber %ﬁ 0si fro E Ele nunber é different materials
conducteg ﬁﬁpt %Q%ﬁﬁﬂ) PLBFLESs Peh 4y CheTiBRAI RGOSRESES,
patternin of t he capa0|tor 04 I n nodern sem conductor devi ces,

ref ract ofImACAts hakRl beeh' f FedRRENY BIOFSSH SErmdmiuct oFOpr 68658882 0

formvias or contacts. However, refractory metal -nitrogen alloys have not
been usedaXPdél I IRPHHE Dok edsPRG VO Ld6aNc Grdirsticrl dexs céseqFent i pistiarde,
only recently, U S. Patent No. 5,892,281 describes the use of

t ant al unPél uRfAUNE AREE 588, al Woibe i Nl awew Torthitort afbvictes aas andifleusingn
barri er and an adhesi on pronoter. The patent discloses the use of Ta-Al -N

in a sennééadietor sdelri cas t & iprievent oixdtler - dirktf uSrequbet penisad r aandi-ng

| ayers, for instance, between two conductor |ayers; between a sem conduct or
| ayer ~xndpacconductigrldaydrc. belTheepraaeisss st af dsy ereantiras condygepoe

| ayer; between an insulator |ayer and a sem conductor |ayer; or between two

seni conduatber? of miepgsitich004 tayensult foBecondnuse obrTadAkrrNrkgtt O
pronot e adhesion with adjacent |ayers, for instance, between two conductor

| ayers; heteeénls caondicited |ayenudndpdd hosvkat of |pyefesPetBOPeBs for
sem conductor |ayer and a conductor |ayer; or between two sem conductor

| ayers. bheeYetmibgSanBapatketing89¢, 28% dagschebrteach any other uses for
tantal um al um num nitrogen all oys in sem conductor fabrication. Summary of
the I nvention

004 In modern semiconductor devices, refractory metals
have been frequently used in semiconductor processes to form
vias or contacts. However, refractory metal-nitrogen alloys
have not been used widely in the processing of semiconductor
devices. For instance, only recently, U.S. Patent No. 5,892,281
describes the wuse of tantalum-aluminum-nitrogen alloys in
semiconductor devices as a diffusion barrier and an adhesion
promoter. The patent discleoses the use of Ta-Al-N in a
semiconductor device to prevent inter-diffusion between
surrounding lavers, for instance, between two conductor layers;
between a semiconducter layer and a conductor layer; between an
insulator layer and a concuctor layer; between an insulator

layer and a semiconductor layer; or between two semiconductor



I n accordance with the present invention, a nethod for' formng ap é!’pe2004

refractory metal silicon-nitrogen capacitor in a seniconductor struCtd¥

and the structure forned are disclosed. It is therefore a first aspect of
the present invention to provide a nethod for formng a capacitor in-situ
in a sem conductor structure that at |east mtigates the drawbacks or the
shortcom ngs of the conventional nethods. It is another aspect of the
present invention to provide a nethod for formng a capacitor in-situin a
seni conBaptror Asseavot urse of Hat Al-Rgiite esomaleyadhpsor eyids idjesnt bfyees, $omisiance,
material. It is a further aspect of the present invention to provide a

met hod bewveE® Wb N@nduct@pPRgets Obetivaers iat dontliicter &@BI enhdndharnatst layet;Uuseewtdmb
requires only the deposition of a single material of refractory

net al - SEél%i%QﬁHd@iJrrIQ)gc?rhllhrh Btk B} @ayleﬁy&rb%twéetn o ?é?ﬂ%&ﬂucfdﬂrlﬁ)@i. apPRGEr, of
the present 1nvention to provide a'nethod for formng a capacitor in a

sem con tor stru hat requires . only the deposition of gl -

mat eri al '%flpa'i‘a@?'l\?’@nzﬁliqefﬂ]g tf%yé}ns\/ Oﬁlﬁl)e eu}réesd?)f ft aerlrzg%l%l-aa\#rﬁglgggpﬁrgﬁéxg%l& £i'ons.
It i.s still another. aspect of the present invention to provide a nethod
for forBSAGORAEEBARTBHO n a seni conductor structure by depositing nultiple
| ayers of a refractory netal -silicon nitrogen each having a different

stoi chioneetry. 3

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 structure by depositing multiple layers of a refractory metal-silicon-

nitrogen each having a different stoichiometry.



- 0/~ ~~7r1 2004 It is yet another aspect of the present inventi /H
provide a nethod for formng a capacitor in-situin a sem conduc'c‘?ﬂ1 \LP 2004
structure by depositing multiple |layers of a refractory netal
silicon-nitrogen each having a different sheet resistance value. It is

still another further aspect of the present invention to provide a nethod
for formng a capacitor in a sem conductor structure by depositing nmultiple
| ayers of refractory nmetal-silicon nitrogen in the same chanber by varying

a flow rate oft ipaict pa9thpr aspseir of B MPtcnbgurniien & PHYidharmehod fer famyrg a
anot her further aspect of the present invention to provide a sem conduct or
capaci t capasiteristsitn én whérohohdeta strovere gl depdsitnlemuitipie tgke odiaatfadtoiyondtaler
and an upper electrode fornmed of the same refractory netal -silicon-nitrogen

mat er i akilibstt-niokbn ichfRAl®Bt) Gifeeithod®édidtancd value? ~!~! ! ~~ 200
It is still another further aspect of the present invention to provide a method for forming
a capacitor in a semiconductor structure by depositing multiple layers of refractory metal-silicon-
nitrogen in the same chamber by varying a flow rate of partial pressure of nitrogen into the
chamber.
It is yet another further aspect of the present invention to provide a semiconductor
capacitor structure which has a lower electrode, a middle dielectric layer and an upper electrode

formed of the same refractory metal-silicon-nitrogen material but with different stoichiometry.



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

nmetal -silicon-nitrogen capacitor in a sem conductor structure can ?Al}ﬁ
carried out by the operating steps of positioning a preprocessed'n?-wu532004
sem conductor substrate in a sputtering chanber; flowng :~ gas into the
sputtering chanber; sputter depositing a first refractory

netal -silicon-nitrogen | ayer on the substrate froma refractory netal
silicide target, or fromtargets of a refractory netal and a silicon
flowing NZ gas into the sputtering chanber such that concentration of the
N? gas in the chanber is at |east 35% by adjusting the flow rate or parti al
pressure of hm;appﬂbma}eMb@ﬁshntngmamsédbndnﬁﬁﬁgao%ﬁmymyxnmahﬂhcmpnﬁmgen
nmetal silicon-nitrogen |layer on top of the first refractory

met al - s¢dphciast-iniatse@ERDAdLAYESsucREOBR Pdcdrhed NG 8a%e Bperating steps of "'cTsitTon;in%Qo
flowinto the sputtering chanber; sputter depositing a t%lr% refractor
rr~etal 58hiol ot . : oRd. refractor .

et al oo PR BBl R ik BB G AT Gk g g
second i efractor tal-silicon-nitrogen |ayers into a capacitor.
n1s TR sh OGRS AT By i sliean FEen THRT Bo beRosapabonot | n
a sem conduct or sLt cture may further include the step of in-situ annealing
t he cap‘é?"?‘ftBW 1geta Slﬁ%‘%&‘%ﬁ‘u‘ﬂeﬁ%\“ tggety phateligoery oetal ard & sidigonsfilcwingdNagasdr
gas into the sputtering chanber at a flow rate between about 10 sccm and
about 200 $espyttesmgichemberequchthat kawiengatNa afake Natgas e shathbaris agleahiasber
at a flowrate between about 1 sccm and about 100 sccm The net hod may

furt herby stjhsticle thdBowtrep oo baiRUplesfurdePNsishiig dePssifidd Stec8nd rétﬁ%totrg hnfegh-
refractory netal -silicon-nitrogen |layer to a thickness between about 100

and abdificda0880ss t it ha: sec ract.or
netal -silicon- n% tnrlgggn&ftg?/;o?@l%%ﬁgg%ﬁﬁ gt?%%g%t lg'? wmggg&g%gh? gyfgo tgp‘%{trﬁ%thgl}ght
5000 ~.,,Ihe method rnay further include the step of sputter depositing the
first 5% 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 "~ ~ ~ ~~ 20~~ may
further include the step of sputter depositing the first, second and third
refractory nmetal -silicon-nitrogen |ayer fornmed of a refractory netal

sel ected fromthe group consisting of Ta, Nb, V, VJ and Ti . 0016 mhe
present invention is further directed to a sem conductor capacitor
structure which includes a | ower electrode fornmed of a first refractory
metal -silicon-nitrogen material that has a sheet resistance not higher than
50 ohnisq; a mddle dielectric layer formed of a second refractory

nmetal -silicon- nitrogen material that has a dielectric constant greater
than 7.5; and an upper electrode fornmed of the first refractory netal -
silicon-nitrogen material. 0017 In the sem conductor structure of a
capacitor, each of the |ower electrode and upper electrode is forned to a

t hi ckness between about 100 ~ and about 5000 ~, the mddle dielectric |ayer
is formed to a thickness between 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, V~' and Ti. The first refractory nmetal - silicon-nitrogen
material has a sheet resistance of not higher than 50 ohnisq., while the
second refractory 7



metal -silicon- nitrogen material teas a dielectric constant grqugrAqmaq?
7.5 BRI EF DESCRI PTI ON OF THE DRAW NGS 0018 These and ot her obj ectd, At'1 2004
features and advantages of the present invention wll beconme apparent from
the follovai ng detail ed description and the appended draw ngs in which:

0019 Fi 1.i.s an | arged,..cross-sectional_ view of .a sem conductor .
structu?§i§%aﬁnﬁﬁﬁlE@%s%¥ﬁ§qﬁ¥§§gitcﬁﬁ@%%?ioﬁggggﬁgit%?p?%f Hgof‘tﬁﬁégd
| ayers of refractor tal-silicannitrogen material, 0020_Fiqure 2 is a
graph i TSRTPALPRY A5 obtal Tt 1H Gear t 1BHCSy Stbnt2E show T  RECORd
dependence_of the sheet resistance of thehﬁgesent invention refractory
met al - si T3 EORRTeF¥gen nat &5t oh HHeHitroqdf tont ent BfY&djiusting 2and
nitrogen gas. 0021 Figure 3 is a graph illustrating data obtained in
deposi t i P YLt P FI2RBAbGR hYYt héCdBpaAdeRde off itnsd f i 1SAQMId oraidy BhirHe
present invention refractory netal-silicon-nitrogen nmaterial on the
nitrogeh“%%ﬁ@@h@rbymgﬂ?hsﬁii@cﬁntﬁb@éﬁg$hoh@ygrs into a capacitor.

G015 The method for forming a refractory metal-silicon-
nitrogen capacitor in a semiconductor structure may further
include the step of 1in-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 sccm. The method may further include the step of sputter
depositing the first and the thira 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 methed 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/sqg., 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



-~ |"'-~I'l~ ~ 20e4 DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT 0O %atwhi?
present invention discloses a nethod for formng a refractory J 004
netal -silicon--nitrogen capacitor in a sem conductor structure by the
in-situ formng of nmultiple refractory netal silicon-nitrogen |ayers each
having a _different stcichiometry on a sem conductor, substrate and then
photoliHﬂ%ﬁrgﬁﬁggﬁFlfj?%Pﬁ$%g£?%esﬁﬁ¥%Fﬁfgspﬁgbﬁg OfP6 4 tdRFaditor 118858 I n
the method, a pre rogéssed sem conductor substrate is first positioned in a
sput t er i NGECRANBBH, TAr Tad §IEAHGT I I'tFire § 1 bl 1¢ Spkit 1 ¥4 Thg @ ¥rbép rined
sputter deposit a first refractory netal-silicon-nitrogen |ayer on the
substratef f PoREErEREPTY BEhgile Sedcd@orir afetdle sITPWR decr it etndrof r'Ban t wo
targets of a refractory netal and silicon. N~ gas is then flown into the
sputt er i g, chan®ezndnfil the concentration of the N gas in the chanber
reaches at least 35 o by volune by adjusting the flow or partial pressure
of N2, a second refractory netal-silicon-nitrogen |ayer is then sputter
deposited on top of the first refractory netal-silicon-nitrogen |ayer. The
N~ gas fO0@Woei s thehhst oppedeto deposint iant hiired riefrtacior ydirected to a
metal -silicon-nitrogen |layer on top of the second refractory

nmet al - si $embdoendtcogen kaypercitAft erstihesdeposi t¥hoohof ialdllutesee 4 ef Tagéory
nmetal -silicon-nitrogen |layers, the |ayers are photolithographically fornmed
into a capacttode Formee, ~oEI200£1 r8024-ckhe Q@sSeNhet AYLBL 1 0ROV et rHBE RO
may be foll owed by an optional annealing step, wherein the capacitor
structurgatsrif: shht aAgeal ethealr adLMISRIUNE O, Bfhd €astaB0th and/sq;
preferably at a tenperature of at |east 100C. In the preferred enbodi nent,

the Ar gas hieusei NHeetBEteRUL t aivG ChayhRlg ato@ fd owsgat gy betyeen-ahpyt
10 sccm and about 200 sccm The N~ aa~ flows into the sputtering chanber

during thethorsnatiesnof nthecpbddh@tkefinactony malals sildconnidroges:hayer
of high sheet resistance at a flow rate between about 1 sccmand about 100
sccm  00gbedheri Ry@nt ips f uphRera i §6H05€% 12 FPRONEWSE of the first

refractory metal- silicon-nitrogen material.

0017 In the semiconductor structure of a capacitor, each of
the lower electrode and upper electrode is formed to a thickness
between about 100 A and about 5000 A, the middle dielectric
layer is formed to a thickness between about 100 A and about
5000 A. The refractory metal in the first, second and third
refractory metal-silicon-nitrogen material is selected from the
group consisting of Ta, Nb, V, W and Ti. The first refractory
metal- silicon-nitrogen material has a sheet resistance of not

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



structure of a capacitor that is constructed by a | ower el ectrode, @ 1. ddl
dielectric |layer and an upper electrode. The | ower el ectrode and th erfﬂﬂ#
el ectrode are both formed of a first refractory nmetal -silicon-nitrogen
material that has a sheet resistance not higher than 50 ohm sq., while the

mddle djelectric.layer is.fornmed of a second refractor ,

netal-siwggg 7ﬁﬁﬁﬁ6§éﬁ m&ﬁ%ﬁ%ﬂeqluﬁaHﬁﬁi%; dfﬁﬁbc@ri@1@§ﬁ§ﬁéﬁ? gFeasérNthan
7.5. Each_of . the koweL and upper electrodes and the mddle dielectric |ayer
i s formed F8t8%t hi'ékndss bet ween about 100 ~ and about 5000 A. first, the
second and The refractory neta~_ in the the third refractory 1. 0O - 0 ~~
~ ~00~ netal-silicon-nit%%b@ﬂ et eR{ BT SONeQF bBHE eDRAM BY-F r om t he group
consisting of Ta, Nb, V, Wand Ti. 0026 Referring initially to Figure 1,
wher ei n 8R18nl ar ge@hesecosand ecthemal olvj evi of fhetpresennd nevdn oy GMOSTE
structure 10 with a capacitor stack 20 and an insulating material |ayer 12
f or med ohheoprissaowhnvankower velldct bedent agepaténta fdicel ecits i ol ayeindb
and an upper electrode |ayer 18 are deposited of refractory

net al - si Betenlrit degem ipatien alnst tthat apmeeddicf Hetenhgst ohchhoartry and
patterned over the diffusion barrier 22. The insulating material |ayer 12
is deposited over the entire wafer and contact openings 24,26 and 28 are
etched which are latter filled with a conductive material for form ng

el ectricabléont act Figarkhel diifsf ush ornbangierr, 22Zroddhesdusienid apdatiher 4
resistor 32, respectively. In the particular structure 10, shown in Figure

1, the diéhusbanubabki ekt23cplexent Baf eacht Oudet ween Lhesbaver igbsgueﬂe
14 and the polysilicon contact via 34. The fuse 30 can be blown by forcing

a large eupeentothrouald he |4imesd U§§¥@P§ %ifaé-3.‘5?&&&&%%&%@%&Tgcon-
excessive heating and nelting in the Tuse material and thus, Toss o
el ectricakteegduchiby¥iely 510027 A refractory metal -silicon-nitrogen nateri al

such as TaSi N has wi de range of electrical resistivities depending on 11

0020 Figure 2 is a graph illustrating data obtained in
deposition system #1 showing the dependence of the sheet
resistance of the present invention refractory metal-silicon-

nitrogen material on the nitrogen content by adjusting nitrogen

gas.

0021 Figure 3 is a graph illustrating data obtained in
deposition system #1 showing the dependence of the film
uniformity of the present invention refractory
metal-silicon-nitrogen material on the nitrogen content by

adjusting nitrogen flow.



0 A~!~ 200g the stoichicnetry of the TaSiN film For instance, under
normal DC sputtering conditions, filns ranging fromOo.?2 ohn}crri_l@lgggﬁﬁmn4
10" ohmcm can be obtained by varying the nitrogen to argon ratio,”i'.'e,’ &%
from4 vol. %to 50 vol. %by adjusting flowrate or partial pressure of

nitrogen Al higherrALLESOBRSERt OSoN'OF THEMRECORESL! B3l ating, The rate

of increase in electrical resistance ni trogen ni c, but

t he incr s are h r. e higher.nitrogen flo atios. 0028
Table 1 gﬁ%ﬁs dataﬁgg ?aégggﬁa%ﬁ% é " b fﬁ%ﬁﬂs?ﬁegs%%E?o$gé?5tgﬂﬁ%lBg a
TaSi N fi e _nitrogen .percentage in the argon sputtering plasm. The
naterial%gfrggg%E?nn S5’ fﬂﬁé¥grﬁ% Sgﬁﬁgdqqpﬁﬁﬁ) 't?gné%y%%%h¢%ﬂd%9tor
adjusting the flow of Nz into the Ar sputtering plasma. The forty-nine

poi nt re%?g?%E%ﬁen@gs&nﬁnﬁﬂ'?¥ﬁﬁCE?E@P?%anfFW%ﬁﬁ@ﬁﬁumqﬁﬁﬂﬁQ%FMrﬁ@@@%es
as sheet rfsistance increases with greater anmounts of nitrogen in the
sputt eri g prA’TBL L EGPCRXxaAYPES Qagi graTitanm dhfforent ysidegeatatd ony octur s
when nitrogen content increases from40 to 44, which is acconpani ed by a
sheet redi sCEREEONRAECERSes DIL A Dieler adfl madgsint, udephdtoRithdgrapiically ~
-~ ~'"'~;, 2004 Table 1 N~ in Ar Sputtering RsUniformtyPl asma (vol.

0) (Ohn sEPIMia9pehatBultiple layers into a capacitor.

%44?..5.784.4728. 64. 71035. 64. 91343. 34, g1652. 914. 72071. 524. 524100. 734. 328 51
.474. 432255. 55. 836528. 39. 240172717. 2441466329. 84865777044.3 0029 Tables 2
and 3 show el ectrical properties for two TaSi N conpositions which are

i nsul at *#%23and canlbethsetesbod, dizelpeetpriocefserda seapacirdrctapp! 410881 04k e The
materials listed in Tables 2 and 3 were deposited in deposition system #2
by adj ust$ nditisé peetialopedssor ea obphrtientagt hehabaput her igiks phasmuedhe
capaci tance, dissipation factor and dielectric constant are shown as a
functi onf bfwmapphiced fheqepneyerfay holdnddd meo tshetdiessiqatdon: f actorrst

i ncreased with increasing frequency whereas the dielectric constant is

sl i ghtl yrd mectaty hinghen -kriequensines rpgiraridye dugnt CtHFehesGbghgétgosqrom

(dissipation factor). The error in the neasurenents is within 100. 13

n,~ 1l-ei@®rta single refractory metal silicide target or from two
targets of a refractory metal and silicon. N, gas 1s then flown
into the sputtering chamber until the concentration of the N3
gas in the chamber reaches at least 35 & by volume by adjusting
the flow or partial pressure of Nz, 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 of 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.

9



Table 2 75.5 nmTa: Si:N 7.7:30.7:61.6 (500 N~~ in Ar) Frequency p ?i,tance
Di ssipation Dielectric hz ~- -.(pF) _ Factor , _ Constant 10 Kk 43\h3320 4
0.020 9.5 40 k 292 pF 0.021 9.2 100 k 238 pF 0.029 9.1 Table 3 58.7 nm

Ta: Si:N 9.8:30.2:59.9 (300 N~ in Ar) Frequency Capacitance Di ssipation
Dielectric ~ hz) (pF) Factor Constart 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
sanpl e i@dE%ble 2 Q@§ a co sition of Ta:Si:N of 7.7:30.7:61.5 and was
prepared With 50 vol© ¢ MiToger Y Ol ekl fReheechad banpd lonedn bin
Table 3 g%s a .co sition of 9.8:30.2:59.9 and was prepared with 300

ni t rogen “'n At ENHRRLHI @1 EEPY ¢ SNt t i r CabRC ek er barscisrshdwn
as a function of frequency by using a GV nmeasurenment techni que. The

di el ectr *& cofistant 28Beréadesat| i ghtigmpetdt frequencytdudetstt heoiojcr aase
in the dissipation factor. The dielectric constant of the present

i nvent i oprefeaSollyi sthet wesipeabauirs8.d3 and about HBe, 197, tn% preferred00d
0031 Referring now to Figure 2, wherein a graph plotted of s eeP resi stance

of . the EaSblNikkhts ahe AHNGLLOM 10, i eppLn tiering plasim is
shown. Figure 3 shows a gr apg pl ottgdinoiﬁggs?g%ar?%g%&%g ggmqrgﬁqﬁes% g@ E
functi onrehyNiE-QoesR R dhh yt teti I Th Lformty rades with
hi gher percentages of |vy ?% ttﬁagg %Eklt%ﬁ?ﬁ%b%Vgsggb 85§§'Thg%%r§§eﬁés

i nventi og;puel; u i -1 r.structure of TaSiN, .each with a
di f ferent corrpolsniqifoit ggp? O§§§ﬁ?g\%ﬁé fclhna%errrat%?]fjaIPgréglestfé)rﬁ?@.tl&?’ WY1 F2eng
the novel,; ARt hod ess wW-.ndow.for the fabrication process can be
greatly i ﬁcregseﬁéflﬂ%?tpée%n%qeéc\gli tSl}lj‘lslcﬁ)d]séT TEHE obfdFh sheeti9dsi shafte
val ues b K-Qhnl square tqQ insulate with a hetter uniformty

control .f%}éggeiﬁg?hgg lrgeng#f)w rﬁf’g[ee B%%E‘i’%?% e lor 8SEHt APAVeRIWNn hB0el
method ig.the possibility for depositing nufti-layer filnms in-situ to
fabricate a capacitor. For exanple, first deposit a | ow sheet resistance
filmto a predeterm ned thickness as the bottom el ectrode, then deposit
fromthe sane target but ~~rith a higher nitrogen flowto forma dielectric
film angO %nally gegosLt the .third | ow sheet resistance filmas the top

el ectrode “The present PAVERCILGN nobertHeE hodiRayO8pEi oral | SenhePudectari n-

situ anngfal [ ng.slep Euch that the sandw ched film
ructure "o 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/sq., 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 laver is 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



15 g~ ~_! ~ 2004 is ready for capacitor patterning. the fabLEPQQUQ“ZUU
cost and therefore, nmethod not only suitable for applications, suc VU 4
integration suitable for inplenenting high- ¢ packaging level. This allows

a reduction in made the present invention sem conductor front-end with

dovi cos B a5, dSUSLi Vo EqRaciLons 8 { 18,063 The prepept. | uentfon,

novel capacitor by “a refra

mat eri al ) TaS| The. refract or tal may al so be selected fromthe
group ofcgﬁga%ﬁ ﬁh&§t|ﬁ8 & @ Qé and Ti. In a typical refractory

metal silicon- nltrogen conposition of TaSiN, the conposition may contain

bet ween about 5 at. o and about 55 at. ~ Ta, between about 10 at. % and

about 45 @% % Si, _and between about 30 at. s and about 80 at. o N. The

seni condtidtbr st r URBHRETWRET & LR Lyapaciticrutes Forwkeireray anhseninachede a

conductive el ement used to establish electrical connection with the

capaci t of FOTheSeehdaRe i vEieWe wéntt hfayo s efror netverft doped@d| ysikctons @t al

silicide, polycide, refractory metal, alum nurr~, copper and all oys

t her eof . WDD@SaTW@HﬂﬁHHth@E@Cheﬂ@lamdl&ﬁ]naﬂuﬂaogeg frialteriaduchiyeas 12

faSi N, have the advantage of being either insulating or 16 - 9AIl.~~

200g r esf@INe@ dependbmg oh tdeowrati o ¢f refreact efdycebak t at/be sihjcop to

the nitrogen. The filns are thermally stable to annealing at tenperature up

t o 800C.dD@BécThec presear i hdenthdn apvehpperhodlsanrdtet hesybe used kee

fabricate a nodul ated RC stack structure by nodul ating the m xture of

ni trogendépoaigen dui i mgfaaspottyermaigs Depobi ¢ PF OSRSS. materials that
have different stoichiometry and patterned over the diffusion
barrier 22. The insulating material layer 12 is deposited over
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, the 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 elegtrical resistivities depending on

11



0037 The present invention novel nethod for forming refractory ~( A[ﬂ22004

il i i have therefore
metal -silicon-nitrogen capacitors and the structures formed .
been anply described in the above description and in the appended draw ngs
of Figures 1-3. 0038 Wile the present invention has been described in an

i i JEnner., i t. sho be understood that the term nol ogy used is
:ngzé;g%¥%§be |%ﬂ%?ﬂﬁ%ﬁ%&éﬂckQﬁ(iggﬁﬁcéﬁﬁﬁi[ﬂﬁQﬁl#Qﬁ?ﬁﬂCQku#ﬂé%r normal
limtati 0%@? Fur.t her nor while the present invention has been
5
i n°t8

descri be S o' % ﬁPESéFF@HSenb%Him%nt$aﬁqiﬁ% ttodve 8ppr echaten tiat
those skilled in the art wll readiké apply these teachings to other

possi bl e \&ri'at i s BFEAR iGdenpf o9Lained goy~vairyring00c0090iThegen to
enbodi ment of the invention in which an excl usive property or pr{v!lege_ls
clai med &%%efited ast il | bagm 48vol. & Ad) ) 2004. 19 Whatadiisiseligigred] dis:
1. A senmiconductor capacitor structure conprising: a |ower electrode forned
of a firdftfef PAct BRYTt ARl alPpxésswon- mift r ogercwater i al Abavi Ighear nitrogen
ratios, the film becomes insulating. The rate of increase in
electrical resistance with nitrogen flow is monotonic, but the

increases are much Steeper at the higher nitrogen flow ratios.

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: 1into the Ar sputtering plasma. The forty-nine point
resistance 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.

12



sheet resistance not higher than 50 ohnisq; a middle dielectric lay8r A3 2004
formed of a second refractory netal-silicon-nitrogen material having a
dielectric constant greater than 7.5; and an upper el ectrode fornmed of said
first refractory netal-silicon-nitrogen material. 2. A sem conductor
structure of a capacitor according to_ claim1, wherein each of said | ower

el ectrode and upper el ectrode being f%ﬁ?ﬁ%nio a thickness between about 100
A and about 5000, ~._ 3. A sem conductor structure of a capacitor according
to claiml, wherel P5aPdint @EtHRIdRSI ectric PaydOmBditng formed to a

t hi ckness bet we8fUabd¥L1208 1~ and aboufhedea)~. (49 modafisgofduct or
structure of a capacitor according to claiml, wherein said refractory
metal in said first and second refract @5y 7fet al - i.l4i con-ni trogen materials
bei ng sel ected fromthe group consistiR§-6f Ta, Nb, V4.Wand Ti. 5. A

sem conduct or struéfure of a capacitor 3&c€ording to ckaiom |, wherein said
first refractory mé8al -silicon-nitroged3l.8yer has a skeét resistance of not
hi gher than 50 ohnléq. 6. A sem conductér. 94t ructdr.é of a capacitor
according to claink@, wherein said secdndseefractoey netal -silicon-nitrogen
| ayer has a diel ec2kic constant greatendophas 7.5. 7. A.gethod for formng a
refractory netal -sEBi con-nitrogen capac¢btion7in a sem gQgductor structure
conprising the stepg of: positioning azpeeprocessed sem conduct or substrate
in a sputtering chagber; flow ng Ar gas2gnBo said sputtering chanber; | -

9 fi~, ~I ~ 2004 2@0sputter depositingiazfirst refragtopy nmetal-silicon
nitrogen | ayer on gaid substrate; 14663 29.8
48 657770 44,3
0029 Tables 2 and 3 show electrical properties for two

TasSiN 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%.

13



flowing NZ gas into said sputtering chanber such that concentration fbf/\@é] 2004
NZ gas in said chanber is at |east 35% by adjusting the flow or parti al
pressure of NZ; sputter depositing a second refractory

metal -silicon-nitrogen |layer on top of sai d first refractory

metal -silicon-nitrogen | ayer; stoppi ng ?)g NZ gas flow into said sputter
chanber; sputter depositing a third r ef Stgry netal -silicon-nitrogen | ayer

on top of said, ory, i con-ni trogen Iayer and

phot ol i t hogr aphi cai)rp‘-(‘j q? ﬁ\g sal d sf élse@ond) nl £Ri Pd)refractory

met al - S|I|conEn|t en | E;/ﬁers into a capacitor. A nmethod for formng a
refractory met Ci:yo ‘capa Jtscﬁlliichtlamsem dorfdiettoti st ruct ure
according to L in-sitiCamiealti ng said
capaci tor at a1 terrperature of at | east 800 9. Anethod for formng a
refractory met ilicon-nitr riPFcapam tor G.W28 sem oriductor structure
according to &%ikm 7 further f sing the Ostt@3 of flaw ng said Ar gas
into said sput 4%y kchamber3 R f1 ow ratle 036t ween %liout 10 sccm and about
200 sccm 10. A nethod for formng a refractory netal -silicon-nitrogen
capacitor in a sem conductor structure according to claim?7 further
conprising the step of flowing said NZ gas into said sputter chanber at a
flow rate between about 1 scem and aboaib140® sccm 11. A nethod for form ng
a refractory netal-silicon-nitrogen capacitor in a sem conductor structure
accordi ng to olBai’mnh flaritHeN corfpmsi: SN :tslee ost(@p oy, sput e depositing said
first and said third refractory netal-silicon-nitrogen |ayer to a thickness
of between abéuedguedcy Zapand tabowt 5000 sAipkRioA et hadiker fierming a

refractory metl@lzisilicon-nitr@gen capacitor imsarsenm conduetQlt ant

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 sample in Table

2 has a compcsition 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 Ta8iN

is between about 8.C and about 9.5

14



depositing said second refractory netal -silicon-nitrogen |ayer tfo

t hi ckness of between about 100 . ~ and about 5000 [R*. 1 11300] OGSG/.ti o;
S - ~d, I ~~~00-r 21 13. A nethod for formng a refractory

metal -siljcon-nitrogen capacitor in a sem conductor structure according to
cIaim'?fdﬁ%%er co%%ﬁ%ﬁ?ﬁf%fﬂ?%t@% bigspeit £ er vHepesint ang reaind rfliatdte danf
said third refractory netal -silicon-nitrogen |ayer each having a sheet

resi st anc®&Ft iuis Hitghete tfark 80 TBIiNs £ 11l oA reetthotttfiorn faof mingragen in
refractory netal -silicon-nitrogen capacitor in a sem conductor structure
accor di ng-he s e 7ifars hesma ohpr slsowg. t hBighep 6f ssputst er deposiglidia: &ai d
second refractory nmetal -silicon-nitrogen |ayer which has a dielectric
const ant @ eat®rstdmare 7ubi fdbmi#y melbodakorna formangm cef haetel¥n in the
metal -silicon-nitrogen capacitor in a sem conductor structure according to

clai m ? famttherr ioanpr bsksgat he Biep ofigputdier, depegihiag saidef i r stigher
a

structure according to claim7 further conprising the step of SDU@t iJG 2004

second and third refractory netal -silicon-nitrogen [ayers fornmed of

refract orpermetralagsl ect ey ﬂﬁOﬁhéhﬁrgspu@téemmgs i Agmef Ta, Nb, ~', Wand
Ti. I 6. Anethod for formng a refractory netal -silicon-nitrogen capacitor
in a sem conductor structure according to claim?7 further conprising the
step of sputter depositing said first, second and third refractory

”Eta|'5iUOE%*r“tr(¥Hﬁ1ﬂf§§Eﬁ%ffﬁV@ﬁ%fﬁ}tﬁ&%éfgmééﬁgﬁfgg%srgf%%ﬁ%%cﬁ'ﬂgfﬂ

silicide. 17. A method for formng a refractory neta I'con-ni'trog

CapaCitO%ﬂﬂEé%&%Hﬂ&@@QHﬁere%E%U%H%ﬁeaagﬁ%Eg%Q%mt%5ﬁﬁg§?g%ﬁgﬁgp%hqg ve

conprising the step of sputter depositing sai iTst, "secon

refract ory okal eldd: o/ D09 Ly s (L0 LUG SRUL! G ALGRLS el

refractory netal and a silicon. ~doc:m

AL A Adpockeh Aol ABof AV A% e £95 A dh A% Audi s ALY A 1 Td@iasPeo

VHI t uFY t

increased. For example, it is possible to obtain sheet
resistance values Dbetween 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 methcd may optionally

include an in- situ annealing step such that the sandwiched film
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2109 () H10% & () - SUALSER FUIOWE () E SR ET) 08 R (3 19Ase ) -

T10% & 0y & 151086 & Lhedel gveFE( 10% & 981098 () - . 9$10%& () m
$10% (). 51010 10 $21000 & (11000 & () FOCR( {03 CUBTOAE (1 et

109VE' (5)- OB 1)~ -4 109 ()er-m 1 037 Q&' ().-Y t s
SSI0E. QRaNBLOM (ol ORI Bitg, 1, 1030 O tcomposition may

oBVE! O V& () = ! CFE10% Y(s$109 '()-@EJ;OO ") -.$! 10%vR
'1?)/‘-\/?! %&i‘ﬁl%.“%%%&%@%%%&%%}d%b%ﬁ (PR ee stovi ()% 893 16" 12
10%W&f()ab%%%o%%&é&l'%!%kagbgbi*45 at. % Si, and between about 30 at. ¢

Q

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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annealing at temperature up to 800C,

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 is intended to be in a nature of words of

description rather than of limitation,

0039 Furthermore, while the present invention has been
described 1in terms of a preferred embodiment, 1t 1s 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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10Y7109&' ()-9: $109& ()-:s9%$10%&' ()-% 10%&' ()-y9; G O f QTS t O+@3K

106 & ()-310% & ()-310% & ()-310% & ()-310% & ()-&10% & () - St;

ooy F@10% & () -310% & () - 3#3K

10% & ()-310% & ()-310% & ()-310% & ()-3;
;;;;;;;iJO@#lO%‘&'()-310%‘&'()-310%&'&)-310%‘&'()-3#3K
10%‘&'()-310%‘&'()-3;;;;;;;eA0@¢10%‘#1§

109 & ()310% & () -310% & () -310% & () - 3#3K
;;;;;;;;)Y%@@ﬂséam@@ﬁ-slo%&' () - 3#3K

10% & ()-3110% & ()-310%W & ()-310% & () -3;

10% & ( )+ 310% &érhicoBductar;cap@AOfBhRYIrE 3émprising:
10% & ()-310% & ()-310% & ()-310% & ()-3#3K ;; << _ . _
<<<<eK, @;10%21&1'0(\')% QIR doyedsyfaudirst refractory metal-silicon-nitrogen material having a

10% & ()133006 falok BB s BHOHG() - 3<<<<<8<(9) <1 0@I0% & ()-310% & () -
310% & ()-310% & () - 3#3K
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,

2. A semiconductor structure of a capacitor according to claim 1, wherein each of said

lower electrode and upper electrode being formed to a thickness between about 100 A and about
5000 A.

3. A semiconductor structure of a capacitor according to claim 1, wherein said middle

dielectric layer being formed to a thickness between about 100 A, and about 5000 A.

4, A semiconductor structure of a capacitor according to claim 1, wherein said refractory

metal in said first and second refractory metal-silicon-nitrogen materials being selected from the

group consisting of Ta, Nb, V, W and Ti.

5. A semiconductor structure of a capacitor according to claim 1, wherein said first

refractory metal-silicon-nitrogen layer has a sheet resistance of not higher than 50 ohm/sq.

0. A semiconductor structure of a capacitor according to claim 1, wherein said second

refractory metal-silicon-nitrogen layer has a dielectric constant greater than 7.5.

7. 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;

[RALIBOO]0G6S567.doc:myj
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9. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 further comprising the step of flowing said Ar gas into said sputter

chamber at a flow rate between about 10 scem and about 200 sccm.

10. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 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.

11. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 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.

12. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 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
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15. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 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.

16. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 further comprising the step of sputter depositing said first, second
and third refractory metal-silicon-nitrogen layers from a sputtering target of refractory metal

silicide.

17. A method for forming a refractory metal-silicon-nitrogen capacitor in a semiconductor
structure according to claim 7 further comprising the step of sputter depositing said first, second
and third refractory metal-silicon-nitrogen layers from two sputtering targets of a refractory

metal and a silicon.
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