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Field of the Invention The present i nvelEyDacritich Shetd dJeng Aeqt 972

process for f@éﬁ%fﬁ%\?“@l ect r odes 1f or| fFhel, p,ﬁp)amt egi.l._gl._qg gée o

sem conduct or ices, and in eI s) Qd pLOG ? 01—
fabricating | ow | eakage current electr Al'gs(glractcap Cal Bf 'r",'é"§ rga """""
di el ectric of high-density sem conduct nmenory de 1Ees " or BAEEH oo
particularly, the t Iabrlcaing
el ectrodes of st o'?l%ge %eq(geé?r;\l%lgﬂ‘f’xoﬁh% gﬁ\{égr@@(egg?nﬁlégﬁéuct or nmenory
devi ces havi ng good ECLE&CIAROBRGDRNPAVERKEJENUVII@RIDE FRL®IGt eri stics
realized at low pressure in a cold wall reactor. Technical Background 15
Hi gh-density sem conductor nenory devices, especially DRAM devices, are
bei ng devel oped to the gi ggA@@@R@QfN[pI@meIlﬁv,gINT@,\el ectric storage
materials utilized in present-day nmega-bit nmenmory devices enploying the
current nssterﬁ_ﬁﬂ_ﬂi@l:lﬂm_rGg& in device fabri cat ion will not carry these

nenory devices to st nsities her ab ut er deV| ce.
This 1o primarily duc PorCREt30TGh TR S5t ne MENSES Qe T EHIF ge

density they chatrbddsdoand capsdtal biefetic®f sérdiasinall eepoky @@ludai, atnurm bef ore
requiring refreshing.
particular, to a process for fabricating low leakage current electrodes for capacitor
storage dielectric of high-density semiconductor memory devices.  More
10 particularly, the present invention relates to a process for fabricating electrodes of
storage dielectrics for high-density semiconductor memory devices having good
capacitance and leakage current characteristics realized at low pressure in a cold

wall reactor.

Technical Background

15 High-density semiconductor memory devices, especially DRAM
devices, are being developed to the giga-bits per device level. Dielectric storage
materials utilized in present-day mega-bit memory devices employing the current
material technology in device fabrication will not carry these memory devices to
storage densities higher than about 256M per device. This is primarily due to the

20 hmitation of the memory cell charge density they can hold and sustain for a
reasonable pertod of time before requiring refreshing. |

Among the materials considered for the storage dielectrics in the next

generation of giga-bit memory devices, chemical vapor deposited TiO, ﬁlmé appear

to be promising due to their inherent high permittivity and excellent step coverage
25 characteristics. One serious problem, however, in utilizing these high dielectric
constant storage materials is the high leakage current when they are implemented in
the storage dielectrics utilizing the current technology. Until now, however, very
hittle attention has been paid to the techniques used to reduce the leakage current in

T10, thus preventing the use of TiO, as a successful storage dielectric in the high—

30 density memory devices. Systematic characterization of electrical properties of
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Anmong the materials considered for the storage dielectrics in the next
generation of giga-bit nenory devices, chem cal vapor deposited TiQ2 filns
appear to be promsing due to their inherent high permttivity and
excel l ent step coverage 25 characteristics. One serious problem however,
inutilizing these high dielectric constant storage materials is the high
| eakage current when they are inplenented in the storage dielectrics
utilizing the ci chnol ogy. Until now, however, very little

. attention hasiﬁé%ﬁﬁ%&ﬁ&ﬁ?g the technPques used to reduce the | eakage
current in TiQ2 thus preventing the use of TiQ2 as a successful storage
dielectric in the high 30 density nenory devices. Systenmatic

characterization of electrical properties of T E .. E S BEEN
LETEEEL LT TR Iokdshek Tdhbhdchl LApbl Idebddikd 1i0. BellbdGRE: difQeA04EcRRE
0487-US—PA/Fina\Ip2S ﬁilc: 6487@§F.E%é%+%mﬁ%?e§§ure cﬁeﬁical vg%or deposi ted

Ti 02 treated undefalsds Efried uehBfbleQdehis smlerials is effectively
unavail able at this stage. SUMVARY OF THE INVENTION 5 It is therefore the

primary object of the present invention to provide a process for

fabricating el ectrodes for capapiARy &k SFHBEINVERTRINSEM conduct or nenory

devi ces having | ow | eakage current characteristics. It is another object of
t he presents i nventi onltipthgrebaiediee priparpobsa dfolie présbrincatiomy pravidew pressur e
envi r onnent c§£ it i.el.ectrics, of sem.conduct.or 0 devi ces

1
v o o | calas Bl pPu ek e Do TG I el RSB bes of ¢ he

present inventdeoidesRving i feke RIRERSBark@éristidsabri cating with | ow cost the
el ectrodes for capacitor dielectrics of sem conductor nenory devices

havi ng | ow | eakage cuflriedpotheraebigst of thstiressnt myentehiepevidpe rbeveldrdentifi ed
obj ects, the PhL&RGMe IS iﬁ?ﬂmpreR\yiioqAﬁ?ntacaﬁgrétopE?Qe?e%?r&s f @ sehBRAGR! NY
el ectrodes for capacitor dielectrics of sem conductor nenory

10 memory devices having low leakage current characteristics.

It is yet another object of the present invention té provide a process for
fabricating with low cost the electrodes for capacitor dielectrics of semiconductor
memory devices having low leakage current characteristics.

To achieve the above-identified objects, the present invention provides a

15 process for fabricating electrodes for capacitor dielectrics of semiconductor memory
devices with low leakage current characteristics. The process comprises the steps of
first depositing a titanium oxide film over a semiconductor silicon substrate. The
deposited titanium oxide film is then annealed. A layer of top electrode is then
deposited on the annealed titanium oxide film. A second annealing procedure is then

20 conducted. This step in the present invention is to simulate the high temperature
process used in the borophosilicate glass (BPSG) densification or contact reflow

commonly encountered in the manufacturing environment.

BRIEF DESCRIPTION OF THE DRAWING
25 Other objects and features of the present invention are described with
reference to the preferred embodiments exemplified below with the accompanying
drawing in which
FIGS. la-1lc schematically show the cross-sectional views of the storage
dielectrics of the memory device together with the electrode thereof being fabricated

30 in accordance with a preferred embodiment of the present invention as depicted

from the selected process stages respectively;
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devices with | ow | eakage current characteristics. The process conprises the
steps of first depositing a titaniumoxide filmover a sem conductor
silicon substrate. The deposited titaniumoxide filmis then annealed. A

| ayer of top electrode is then deposited on the anneal ed titanium oxide
film A second annealing procedure is then 20 conducted. This step in the
present invention is to sinmulate the high tenperature process used in the
bor ophosi | i cat g r-9)|4§‘7§§s-;(€58(13) densification or contact reflow comonly

encount ered i n jheTRAUKACT uring envitonment. BRI EF DESCRI PTION OF THE

DRAW NG 25 Ot her objects and features of the present invention are

described with reference to the preferred enbodi nents exenplified bel ow

with the acconpanying drawing in which FIGS. | a- | ¢ schematically show
i

the cross. sectional viges sfyblle &l oads: iEhealries.gh bhe ey device

together with the el ectrode thereo ricate I'n accordance with

a-preferred empgdiitROlitRlad8 eRE@SRMatdRK@RIGkOfhndgingepi cted fromthe
sel ect ed process stages respecti vel % [ STET HAS B REPLACED Ref :

0487-US-PA/ Final 3 Filile: 308FuUSE. mhE, bepveeh dhs Viche Woskltageor ard ent
characteristics of CVD-Tj gz capacitors with various el ectrode materials
bef ore anneal i ST @atesialshslpce ¢1962l18] ati onshi p between the Verit, work

function and el ect ro@@%%&@h@]&@g@"c@r_réﬁ] BRAdk MGticsDf ﬁle@iOAfcaéQQYéﬁs t he
| eakage current characteristics of the Ti02 capacitors of Fl 2 after 450

C anneal i ng; Fb{F¥1(® 2shemssotdtearheakgge current characteristics of the Ti02
capacitors of FIG 2 after 800 C annealing; and FIG 6 shows the Secondary
| on Mass Spectroscopy F(I§| @5510%1&9 fpakage current characteristics of the Ti0, capacitors

of FIG. 2 after 800 °C annealing; and
FIG. 6 shows the Secondary Ion Mass Spectroscopy (SIMS) depth
10 profiles of the WN/CVD-TiO,/Si capacitors after annealing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
To provide for fabricating electrodes for capacitor dielectrics of
semiconductor memory devices having low leakage current characteristics, the
15 process of the present invention is exemplified in a preferred embodiment as
described in the following paragraphs. Note that the dimensions in the FIGS. la-1c
are not drawn to the exact scale as they only schematically depict the cross-sectional
views of the device being fabricated.
Step 1
20 Prepare a semiconductor silicon substrate as the basis for the fabrication
of a high-density memory device utilizing the Ti0, film as its memory cell capacitor

dielectric layer.

As is seen in FIG. la, the substrate 10 may, for example, be an n type

silicon (Si) substrate, or an n' polysilicon (poly-Si) substrate that may serve as the
25  bottom electrode of the memory cell capacitor for the fabricated memory device.
Step 2

Deposit a TiO, film over the semiconductor silicon substrate.

In FIG. 1b, the TiO, film 12 may be seen deposited in, for example, a

cold-wall low-pressure chemical vapor deposition (LPCVD) reactor on the n type
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10 profiles of the WWCVD-Ti 02/ Si capacitors after annealing. DETAILED
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT To provide for fabricating

el ectrodes for capacitor dielectrics of sem conductor menory devices
havi ng | ow | eakage current characteristics, the 15 process of the present
invention is exenplified in a preferred enbodi nent as described in the
foll ow ng paragraphs. Note that the dinensions in the FIGS. | a- | ¢ are
not drawn to. the exact scale as they only schematically depict the

cross- sectlonéﬁf?gyéﬁgvﬁg‘fhe devi c€ being fabricated. Step 1 20 Prepare a
seni conductor silicoR substrate as the basis for the fabrication of a

hi gh-density nmenory device utilizing the Ti02 fl|ﬁ1aS its nmenory cel
capacitor dielectric Iayer As is seen in FIG a, the substrate 10 may,

for exanple, be an nty silicon g_l substrate E& an P* @gky5|llcon
(pol y-Si) subs%ﬁé@@“ﬁﬁﬁﬂmWhWOQ \pubsiyatet! A ghat se5vas ¢ the bPUPRCIEFEfE Bhet he
nmenmory cell capaghtQki Eﬁac.meﬂ]@mmﬂ@t &ch mwaythfimss:@fabo&t@noao%pomt a

Ti 02 fil mover the sem conduct or | 1¢on substrate. In FIG | b, the Ti02
film12 may bems dﬁ@@dqﬂawahad eth ra[mrofatsmls@ocausnfgqlema WaplopylQMamateessur e
chem cal vapor deposition ( ) reactor on then type THIS SHEET HAS BEEN

REPLACED RcP 0di@7- UgL OA/HE)palapdr anfiokygen 0487 iishieMAOnSiphgabst rate or the n
poly-Si substrate 10 that serves as the bottom el ectrode of the nenory
cell capacitor®®Re thin TiQ2 film12 with a thickness of about 10 to 20

rim niay be depositedgfec@nt gém%&tﬂ@eﬁlmlo%pg%alﬁ%r&edbﬁ%' ng
tetra-isopropyl-titanate (TPT, Ti( /)y) vapor and oxygen as the

anbi ent at nosphere. StBR tBermal annealmg procedure of the deposited TiO, film 12 may be

conducted in a dry O, atmosphere, for example, at about 800 °C for about 30
minutes.

10 Step 4

Deposit a layer of top electrode on the TiO, film.

Top electrode for the capacitor dielectric layer, namely, the layer of top

electrode 14 as is seen in FIG. lc may be deposited on the TiO, film 12 by, for

example, the method of reactive sputtering, electron beam or chemical vapor
15  deposition (CVD). The deposition material for the top electrode 14 may include
several metals and metal nitrides. For example, metals such as tungsten (W) and
molybdenum (Mo), and metal nitrides such as tungsten nitride (WN), titanium
nitride (TiN) and tantalum nitride (TaN) may be used as the material for top
electrodes.
20 Step 5
Conduct an annealing procedure.
An annealing procedure is then conducted against the semiconductor
device carried over the surface of the silicon substrate 10 at this stage. The

annealing may be implemented in an N, environment for about 30 minutes at the

25  temperature of about 400-800 °C. It should be noted that this annealing procedure
is conducted to simulate the high temperature process used, for example, in the
borophosilicate glass (BPSG) densification or contact reflow commonly

encountered in the manufacturing environment.
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Subj ect the deposited Ti®2 filmto an annealing procedure. The thernal
anneal i ng procedure of the deposited Ti02 film 12 may be conducted in a
dry O2 atnosphere, for exanple, at about 800 C for about 30 mnutes. 10
Step 4 Deposit a layer of top electrode on the Ti02 film Top el ectrode for
the capacitor dielectric layer, nanely, the layer of top electrode 14 as
is seen in FIG Ic may be deposited on the Ti02 film12 by, for exanple,
the nethod of reactive sputtering, electron beamor chem cal vapor 15
deposi ti on ( CVBY. 04¥hesS-de&podi ti on mat erial for the top el ectrode 14 may

i ncl ude sever &l ABT@"PUNd netal nitrides. For exanple, netals such as
tungsten (W and nol ybdenum (M), and netal nitrides such as tungsten
nitride (W), titanium nitride (TiN) and tantal um nitride (TaN) may be
used as the material for top electrodes. 20 Step qduct an a}nneal i ng
procedure. An anneal i nﬁhepla?fé’édjﬁﬁcé‘blﬁ% Pf‘??é‘ﬁ‘r%‘o%ﬂﬁc?"é*ﬂ’”é"gé?engrtoc‘fsﬁeo the

sem conduct or - (eul,GRcRAS fPhoAYRR. LRA0S Uik ARE At INESH! oo isubad T at e 10
at this stage. The annealing may Be i npl enented in an N2 environnment for

about 30 mi nut é80atapahier 2Bragerfdecaiasrie high-dalboy sed0QW8O0r BEMPEY dedised d be
noted that this annealing procedure is conducted to. si rrul ate the high
t enper at ure pr dBeEsT pddsmonstiste g agsieof appeakingaiterslsppirsl thedar %‘eijfoggs (BPSG)

densificatian o to el t 4 \acturing
e ronment - rv'Ss SRR € B ARG o RERUASAS e T

04t 7USF. DOC Theofadyosiestidds ¢4 aieadngaieddetiy fa 30 stiepst 50 6apnd 860 ttheElpctocadss  of
t he
characteristics of the TiO, layers are measured by I-V, and C-V methods.

FIG. 2 shows the leakage current characteristics of TiO, semiconductor

memory cell capacitors with several different electrode materials before being

10 annealed in the above-described step 5. The electrodes of these device samples

include those fabricated utilizing materials of W, Mo, TiN, WN, and TaN

respectively, as is seen in the drawing. Negative bias is applied to the top electrode

of these capacitors. Before annealing, leakage currents of capacitors with nitride

electrodes are smaller than those with metal ones, in particular, in the case of TaN

15  electrode, a minimum leakage is obtained. The reason for using negative bias for the

measurement of leakge current is due to the fact that electrons are injected from the

electrode when negatively biased and the effect of electrode material selection over
leakge current can be verified.

In order to verify the effects of electrode materials on the leakage

20 current, Vg, the voltage which induces a leakage current of | uA/cr'n2 and the

work function (®m) of the electrode before sintering are plotted for several different

electrodes shown in Fig. 3. Before sintering, ®m of TaN, TiN, WN, W, and Mo are

5.41,4.95,5.00,4.75, and 4.64 V, respectively. It is found that, in most electrode

matenals, V__ increases with increasing ®m before sintering.

25 In other words, the leakage current decreases with increasing ®m of the
electrode. This 1s why TaN resuites in the lowest leakage current. These results
indicate that the conduction mechanism in the case of negative bias is an electrode-

limited type, and the energy barrier height for electrons at the top electrode/TiO,

interface limits the leakage current. Fig 4 shows the leakage current characteristics

[THIS SHEET HAS BEEN
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present invention for fabricating the | ow | eakage current el ectrode for the
LPCVD TI Q2 capacitor storage dielectrics in high-density sem conduct or
menory devices. In order to denonstrate the effects of annealing after
deposition of the top electrode 5 14 as outlined in the above step 4,
sanples of different materials as nentioned above of top electrode 14 are
annealed in N2 for 30 mn at 450 C and 800 C. Electrical characteristics
of the Ti2 |ayers are neasured by |1-V, and GV nethods. FIG 2 shows the

| eakage curreriel effaadndimasti cs of Ti €2 sem conductor nenory cell

capaci tors wi thic SEVEPRPOEi f f erent el ectrode materials before being 10
anneal ed in the above-described step S. The el ectrodes of these device
sanpl es include those fabricated utilizing mterials of W M, TiN, WN, and
TaN respectively, as is seen in the drawing. Negative bias is applied to
the top el ect rafideanngdling pestemperpacd ¢febeut 4 BeTlongheanstadhégay ve hessipalyescur rent s
of capacitors w jtride elgctrodes are.smaller. thap those with netal
ones, in partﬂgdrgﬁgJ%ﬁaFﬁg'casén5Pm?gﬁ§f§héwgé¥%88%?egﬁ%fﬁﬁﬂﬂﬁﬁwéakage is
obt ai ned. The preadom, hibreledsbdyymaegait iivE1GI asre Howhharaneasadr enentsiof | eakge
current is due, to the fact that electrons are injected fromthe electrode
when negat i vel YIBFEELY \SpRet sareit hebaviass Brsee FgHe tharer Figrtreds) weki on over

| eakge currentfc@idn Bgs ¥ 8lnhifikiRd-infludnQr Hiethe [eRkabeLhdsht t RecohiphRGhSeRhisel ect rode
materials on the | eakage z 20 current, Vcrit, the voltage which induces a

| eakage currenthe BFt thatgapasitaniith NEN wor diectradicfeatores (hersnalist letfagebesetnt ode
before sinteri s i@%gcagﬁecg\&m%sgggﬁ%ﬁ}/e?r ﬁkﬁagkalﬁ{ﬂl%g‘%ngperleggnéélgggé15}9 wn in

Fig. 3. Before sinterin 0 , 4.95,

5.00, 4.75, and sdstfdhigh tengep@at Witehituallfind dssb@iiidd ARatihe 490 Wsdterlzect r ode
materials, VCOrit increases with increasing 1m before sintering. 25 In other
words, the | eakagfdurcuiubgiantiauap esastean apimurbal difpseangicpys betvesn thea®N @pect r ode.

This is why, Tahld@gthddqRe T, 146 tha\%&éw,!»&%%ﬂ&wqw Jhspﬁver ERESE Lpsyl t's

i ndi cate that the conduction chanism’in the case of negative bias is an
el ectrode- | i nkiGed coyfpes thindad heheedie MGy abaT i, eémdieddghactfadier éleeicsb’ans at t he
top el ectrode/ Ti O2
sintering procedure.
FIG. 5 shows the leakage current characteristics after annealing at a
temperature of about 800 °C with the top electrode negatively biased. It confirms
15 the results of Fig. 4, that the capacitor utilizing tungsten nitride (WN) top electrode
has the lowest leakage current.

The examination to the above-described T10, capacitor samples has

shown that the work function of the top electrode material determines the electrical

characteristics of a Ti0, capacitor before sintering, and material with large work

20  function, for example, TaN, has the lowest leakage. After 450 °C sintering, the

reaction between TiO, and the top electrode reduces the work function difference

among various materials, therefore the electrode effect is diminished. Thermal
stability of the employed electrode material is a more important factor at this stage,
and the WN electrode capacitors exhibit the smallest leakage current.

25 Thus, the present invention has been able to demonstrate that the

annealing procedure in N, for the Ti0, capacitor with its top electrode formed can

assist in unifying the electrode leakage current characteristics for various metal and
metal nitride electrode materials. A process for the fabrication of low leakage

current electrode for high-density memory cell capacitor is therefore possible in

30 accordance with the disclosure of the present invention. THIS SHEET H—AS BEEN
REPLACED




interface limts the | eakage current. Fig. 4 shows the | eakage current
characteristics HS....Si . Ef HAS BEEN REPLACED Rcf: 0487-US- PAf Final 6

He 0487USF. DOC after annealing at a tenperature of about 450 Cin the case
of negative bias applying to the top electrode. Wen conpared with the
situation before the annealing procedure, all electrode materials in FIG 4
are shown characterized with vast differences in | eakage current behavior.
This is because the top electrode work 5 function has a di m ni shed

i nfluence on the | eakage current. A conparison reveals the fact that
capacitor wt / | ectrode features the snall est | eakage current.

This is becauggz$l.ﬁégfgﬁﬁétter therrfal stability than TaN, for exanpl e,
and is able to sustain %igh tenperature with virtually no dissociation
After the 450 C sintering procedure, substantially no reaction or mnutual

di ffusion occurs between the WN top 10 el ectrode and the Ti 02 | ayer

t her ebel ow, which all f . LT nfirmns
this fact, wherein vmﬁgﬁﬁt%ﬁgggﬁghgﬁﬁéuh?%%gggmgy?éﬁn%%gfgégb%ﬁngﬁntering
procedure. FI Gerds ofipoaferredembbdialcaigst is urtreentersthad tetthe ingdntios n@fimerbeanneal i ng

at a tenperature .of about, 800 ith the t el ectrode negatively biased.
| t confi?ﬁs 1§mﬁﬁéoﬂggdﬁ?§“%ﬁeé%%%mﬂfstﬁ&ﬁﬁ$ﬁ%“@gb£bFﬂ8F“ ﬁ?*??%g |

tungsten nitri deioGdINpdifiefRiond SEALSIABE arrii@smédiSinkIQIRISLitHi ek 8gAt fidistepet . The
exam nation to the above-described Ti 02 capacitor sanples has shown that

the work fuhct PlotheApPended idpyme| the tseepgeofnhich shauld) be aesardads therroadesict r i cal
characteristic 3 I for i DL erd . ial wth

| arge work 20 ?ﬁﬁ%f?gﬁfQﬁgﬁggggh%ﬁgfh%g%fﬁﬁgggéﬁ% %ﬁgﬁﬁq?ggﬁgée. After 450
C sintering, the reaction between TiQ2 and the top el ectrode reduces the
wor k function difference anong various materials, therefore the el ectrode
effect is dimnished. Thermal stability of the enpl oyed el ectrode nateri al
is a nore inportant factor at this stage,
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and the WN el ectrode capacitors exhibit the smallest | eakage current. 25
Thus, the present invention has been able to denonstrate that the

anneal ing procedure in N2 for the Ti Q2 capacitor with its top. el ectrode
formed can assist in unifying the el ectrode | eakage current
characteristics for various nmetal and netal nitride electrode materials. A
process for the fabrication of |ow |eakage current electrode for

hi gh-density nenory cell capaC|tor is therefore possible in 30 accordance
with the discl gi}g‘t}éﬂg lpresent invention. I T H 'S SHEET HAS BEEN
REPLACED Ref : PANFinal 7 File: 0487USF.DOC Wile the present

i nvention has been described by way of exanple and in terns of preferred

enbodi ments, it is to be understood that the invention need not be |imted
to the dlsclosqg ﬂ%ﬂﬁin 1 the contrary, it is intended to cover
various nodifica |ons and simlar arrangenents included within the spirit

and scope 5 of the appended cl ains, the scope of which should be accorded

the broadest interpretation SOﬁMﬁ t o enconpass, all such nodifications and
simlar structures. TH-'S SMBEOFeHASr BRERRUNRESCIARIED (Ptet2P2RBE Hiclgatrisn o nal

Fi 1c: 0487USF. ChcMdbdiol %‘le% WERLes $rav1;|xg 16w @éaQEé%s&rJem c}faﬁ;efe'ngt%s'

el ectrodes for capacitor dielectrics of  sem conductor nenory deV|ces
havi ng IOM/ﬁeama§é$GHWWEﬁﬂg&haﬁa&@%r|stlcs said 5 process conprising the

steps of - preparing a sefGendualelaslor (RO giibstlate; depositing a -
titani umoxide filmov sem conauctor i1Tcon substrate; anneal i ng
sai d deposited titani udepoyitigie af tilafjum oxide film over said semiconductor silicon

substrate;
annealing said deposited titanium oxide film;

10 depositing a layer of top electrode on said annealed titanium oxide film;

and

subjecting a high temperature environment.

2. The process of claim 1, wherein said semiconductor silicon

15  substrateis an n type silicon substrate, or ann type polysilicon substrate.

3. The process of claim 1, wherein said titanium oxide film is TiO,

film.

20 4. The process of claim 3, wherein said TiO, film has a thickness of

about 10 to 20 nm.

5. The process of claim 4, wherein said TiO, film is deposited in a

cold-wall low-pressure chemical vapor deposition (LPCVD) reactor.
25

6.  The process of claim 5, wherein said TiO, film is deposited using
teitra—isopropyl-titanate (TPT, Ti(i:OC,H.),) vapor and oxygen as the ambient
athosphere.

f THIS SHEET HAS BEEN
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10 depositing a layer of top electrode on said anneal ed titanium oxide
film and subjecting a high tenperature environnent. 2. The process of
claim1l1, wherein said sem conductor silicon 15 substrate is an n type
silicon substrate, or an n type polysilicon substrate. 3. The process of
claiml1, wherein said titaniumoxide filmis Ti®2 film 20 4. The process
of claim 3, whedrensr-saradriddl O2 filmh a thickness of about 10 to 20 nm

5. The processFipfo4g1USF.PO4Z, wherein said Ti2 filmis deposited in a
cold-wall | ow pressure chem cal vapor deposition (LPCVD) reactor. 25 6. The
process of claim5, wherein said TiQ2 filmis deposited using
tetra-isopropyl-titanate (TPT, Ti(i-0OC3H7)4) vapor and oxygen as the

anbi ent at nosphere. THI STSelEETedslaScIBREEN wHREER ACEDIRLm B4igfosust #A/ Fi nal 9
File: 0487USF.DOC 7. The process of claim®6, wherein said Ti0O2 filmis
deposited at atempeipet afabest HO *§bout 350 C. 8. The process of claim 3,
wherein said annealing of said deposited 5 Ti02 filmis conducted in a dry
02 atnosphere. 9. The process of claim8, wherein said annealing of said
deposited Ti02 filmi% cdhdpoiced oficlain 8 ewipesiatdid enneilinglwdwidid 8&dsited 10 10.
The process wher ei n sabd anneal ing of said deposited TiO02 film

of i m9
i s conduct ed fgfdzgj%ﬂﬁd%@%q‘fﬂtaéi@f 13MoSiNE™pr ocess of claim 3, wherein said

top el ectrode layer is

9. The process of claim 8, wherein said annealing of said deposited

TiO, film is conducted at a temperature of about 800 °C.

10 10.  The process of claim 9, wherein said annealing of said deposited

TiO2 film 1s conducted for about 30 minutes.

11.  The process of claim 3, wherein said top electrode layer is
deposited on said TiO, film by a reactive sputtering method. |
15

12, The process of claim 3, wherein said top electrode layer is

deposited on said TiO, film by an electron beaming method.

13, The process of claim 3, wherein said top “electrode layer is

20  deposited on said TiO, film by a chemical vapor deposition (CVD) method.

14, The process of claim 3, wherein said top electrode layer is

deposited on said TiO, film by a reactive sputtering method, and said top electrode

layer is deposited utilizing a metal nitride material. -

25

15, The process of claim 14, wherein said metal nitride material is

tungsten nitride.
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deposited on said Ti02 filmby a reactive sputtering nethod. 15 12. The
process of claim3, wherein said top electrode |layer is deposited on said
Ti02 filmby an el ectron beam ng nmethod. 13. The process of claim 3,
wherein said top electrode layer is 20 deposited on said Ti02 filmby a
chem cal vapor deposition (CVD) nethod. 14. The process of claim 3, wherein
said top electrode layer is deposited on said Ti02 filmby a reactive

sputtering nmet hotg. 3nd. xdilpP €l eqtorode |ayer is deposited utilizing a
metal nitride matgiioadusr8dc15. The process of claim 14, wherein said netal

nitride material is tungsten nitride. TH S SHEET HAS BEEN REPLACED Ref:
0487-US-PA/Final 10 Filc: 0487USF. DOC 16. The process of claim3, wherein
said top electrode layer is deposited on said TiQ2 filmby an el ectron

beam ng nethod, and said 150p TRt §6&de@dBf claRy 81 vitsrelePAS ith L lddirbdd Riyrgisa
metal nitride material. 5 17. The process of claim 16, wherein said netal
nitride material $epositedgseidTiq] ki Ryen elegtrombrammedissliad. a1d Riddemelsctrogeer ei n
said top electrode |ayer i.s, deposited on said TiO2 filmby a chem cal
vapor deposition %W%%PC’%&?& ug'éﬁ%ﬁ‘i@ﬁtal EdeMaefitlode | ayer is deposited
utilizing a metal nitride material. 19. The process of claim 18, wherein
said netal nitride material is tungsten nitride. 15 20. The process of
claim 1, wherebn the step7of Thepjesessi ofcrlami g, whemin sednpetplanitiide reatgiat nment

is in an N2 at "OSPRES&; nitride,

18.  The process of claim 3, wherein said top electrode layer is

deposited on said TiO, film by a chemical vapor deposition method, and said top

t0  electrode layer is deposited utilizing a metal nitride material.

19.  The process of claim 18, wherein said metal nitride matenal is

tungsten nitride.

15 20. The process of claim 1, wherein the step of subjecting said high

temperature environment is in an N, atmosphere.

21. The process of claim 20, wherein said high temperature
environment is at a temperature of about 400-800 °C.
20
22.  The process of claim 21, wherein the step of subjecting said high

temperature environment is conducted for about 30 minutes.

23. A process for fabricating electrodes for capacitor dielectrics of
25  semiconductor memory devices having low leakage current characteristics, said
process comprising the steps of:
preparing a semiconductor silicon substrate;

depositing a titanium oxide film over said semiconductor silicon

substrate;

30 annealing said deposited titanium oxide film; THIS SEEET HAS BEEN
REPLAGED




21. The process of claim 20, wherein said high tenperature environnent is
at a tenperature of about 400-800 C. 20 22. The process of claim 21,
wherein the step of subjecting said high tenperature environnent is
conducted for about 30 mi nutes. 23. A process for fabricating el ectrodes
for capacitor dielectrics of 25 sem conductor nenory devices having | ow

| eakage current characteristics, said process conprising the steps of:
preparing a sem conductor silicon substrate; depositing a titani um oxide
filmover said sem conductor silicon substrate; 30 annealing said

deposi ted titan'gqhg%'__A$&ln1 THI S,SHEET HAS BEEN REPLACED Ref:
0487-US-PA/Finatm;&w7E#Iﬁk:ﬁ487USF. depositing a layer of tungsten
nitride top electrode on said annealed titaniumoxide film and subjecting
a high tenperature of about 400-800 Cin an N2 environnment for about 30
m nutes. TH S SHEET HAS BEEN REPLACED

depositing a layer of tungsten nitride top electrode on said annealed
titanium oxide film; and

subjecting a high temperature of about 400-800 °C in an N, environment

for about 30 minutes.
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