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Field of the Invention

The present invention generally relates to a method for forming noble metal oxides
and structures formed thereof more parucularly, it relates to a method for forming noble metal |

OXIdCS by exposing a noble metal surface to an oxygen contammg plasma energy source or ion

beam, thereby forrmng a surface layer of noble metal oxlde such that lmproved adhesnon and

interface propertws are achieved with a subsequently deposned layer

. Baekgound of the.:Inyention
- In the development of ULSI_ melnory {devices, and specifically for those memory
devices fabricated by sub-half-micron fechnol_ogy, deyice sizes are continually being reduced in
order to minirnize the chip real estate used. One of the ;mm;e' recently developeli fabrication
methods fof aehieving such a goal in dynarnic random access memory (DRAM) devices
incorporates bulldmg capacitors with a stack capacltor geomeU'y In a stack capacxtor fabncated
for a DRAM devme, a hxgh-pemutnvuy (or high-epsilon) material is ﬁ'equently used as the

dielectric insulator for the capacitor structure for its desirable high dielectric constant. Similar

“structures incorporating ferroelectric materials can also be used to form non-volatile memory

devices such as NVRAM.

For instance, in recently developed fabrication processes for the DRAM capacitors,
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high-epsilon materials such as barium strontil_url titanate (BST), lead lanthanum titanate (PLT),
lead zirconium titanate (PZT), bismuth titanate and other types of perovskite insulator materials

have been utilized in such suﬁemres.

The use of hlgh-epsllon materials generally requires base electrodes made of noblel

-metals in order to minimize the effect of mterfaoes of low permittivity capacxtance which would

othenmse lower the overall’ capacitance of the structure Noble metals such as Pt, Ir, Ag, Au,

Ru, Pd, Os and Rh are lyplcal candidate electrode matenals for memory devices meorporatmg

: .high-epsilon materials based on their desirable high eonduc_tance and their resistance to oxidation

during a subsequent deposition process fe_r a dieleet_rie irisulaior._ Of the-various noble metal
materials, Pt'and Ir are good. exampies'for use as noble metal elecu'o;les. However, a problem

observed in depositing a perovskite-type insulator material on top of these and other substrates

. is the difficulty in maintaining the correct oxygen stoichiometry in the perovskite material. Loss "

of oxygen, from either the bulk of the high permittivity material, or f_'rom an interfacial surface
layer at the. dieleeuic/electrode int_erface_ban result in a number of problems. For example,
oxygen-poor phases of these high permittivity materials .rend to have lower dielectric constants. '
In addition, oxygen vacancies in the dielectrrc can lead to undesirably -hig'her leakage currents,
either by Ming tlre dielectric more conductive, or by lowering the barrier height for carrier
injection from the electrode at the electrode/dielectric interface. Defects due to oxyg.en' vacancies

can also oscillate in response to applied fields and eoruribute to ac losses.

While the excellent oxidation resistance of most noble metal materials is typically
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regarded as a desirable characteristic in an electrode, it may be a disadvantage in cases where

“the presence of a noble metal oxide may_'b'e useful in promoting surface adhesion. Surface layers

of noble metal oxides are useful in adhesion promotion ‘when preparing oxygen-rich noble
metal/dielectric interfaces that are dcsﬁabl_c in electronic devices containing high-pcrmittivity.

materials.

Figure 1 is an illustration of; a conventional DRAM capacitor structure which might
be 'incorporated into a semiconductbr memory dc;vice such as that shown, for example, in Serial | h
No. _08/866, 460 (Case Y(996-080) by C. Caiaral, Jr. et al and Serial No. 08/886.459  (Case
YO0996-176) bSl A Grill et.all, béﬂi filed Maj; 30, 1997 and assigned to the IBM Cotporaﬁon; |
Capacitor 10 is built on a lpre-proce.ssed silicon substrate on top of an oxide insxilaﬁng layer 12'
and é silicon contact plug 16.. It is constructed .by ﬁrs; depositing and then fox’i'r'tiing a bottom
elccfrode 20 from a noble metal such as Pt, Pd, Ir, Ag; Ay, Ry, Pd, Os and Rh. A high (:'.lielectric'
constant.r.naterial,. ie.,a high-epsilon matén'al such as barium strontium titanate or lead lanthanum
titanate is then deposited to.covér the bottom electrode 20 forming an insulating layer 24.. On
toi) of the insulating layer 24, a second electrode layer 28 formed of a similar noble metal

material is then deposite«l._‘l-for use as a top plate electrode.

The chemical inertness of the noble rﬁetal materials may .contribute_ to poor
adhesion at noble metal i'nterf'aces with other materials. For instance, other than the high-epsilon
materials, spin-on-glasses (SOG) supplied as FOx® by Dow Corning and as HSG® by Hitachi

may also be desirable inexpensive insulating dielectric materials for use in structures containing
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noble metals, for example, as an insulating isolation layer over plate electrode 28 shown in
Figure 1. However, the SOG materials méy be difficult to use in such applicaﬁorps due to their

poor adhesion.

Others have rc;:ognized that the presenée of surf'ace contaminants in .the"'form of
very thin carbon or oxide layers can affect the diffusion and reaction of atoms ,deposiied ona
metal surface. The thin surface films thus fonne;i tend to be detrimental to good adhesion and
are therefore, generally eliminatéd prior to a depdsi_tion process . The.ere ha'ii"é.be.en cases where
the presence of.a surface oxide layef is beneficial. Fof, mstance, U.s. Patent 5,382,447 to Kaja

et al teaches the use of a Co,;0,-like oxide film having a thickness of about 50A for enhancing

the bonding of a spin-on polyimide precursor onto a Co substrate. It was assumed that the

surface oxygen bonds in the oxide layer may have a strong' chemical interaction with the arriving
cations, and thus leading to improved adhesion. - There s also an assumption of an electrostatic
mechanism of adhesion for non:metallic coatings due fo a positive chargé transfer occurrihg

across the interface based on a difference in electron affinities and the presence of surface states

- in the oxide.

Others have a-ttempted to solve the pmblefn of poor adhesion ‘between a spin-on-

glass and platinum by using SOG altemnatives such as a sputter-deposited quartz material.

- However, relative to SOG, sputtering ‘is an expensive process to carry out and moreover, is

ineffective in filling small gaps. While the gap filling problem may be minimized, by using the

spuner-depoéited quartz only as a thin adhesion layer (between 1007200 A) between Pt and SOG,
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' this cbmes at the expense of higher cost. Stll others have used an evaporated or sputtered

adhesion layer such as Ti. Even though a thin Ti layer has proven effective as an adhesion layer,

the possible diffusion of Ti from the Pt surface into other regions of the electrode/high-epsilon

structure makes the process highly undesirable.

It is therefore an object of the present invention to provide a method for improving

the adhesion and interface properties of a noble metal and a subsequently deposited high

 dielectric constant material that does not have the drawbacks or shortcomings of the conventional

deposition methods.

It is another object of the present invention to provide a method for improving the
adhesion and interface properties of a noble metal and a subséquently deposited oxide-coﬁmining

material by first forming a noble metal oxide layer in the top surface of the noble metal substrate.

It is a further object of the present invention to provide a method for improving
the adhesion and interface broperties of a ﬁoblé metal and a subsequehtly deposited high
dielectric constant material by éxﬁosing' the ;urface of the noble metal to an oxygen-containing
p]asr.na or jon beam such that 5. layer of noble metal oxide is first formed on the noble metal

substrate.

It is another further object of the present invention to provide a method for

imbroving the adhesion and interface properties of a high dielectric constant material déposi_ted



(]

©

(/{ﬁ

6

on a noble metal by first exposing a surface of the noble metal to an oxygen-containing plasma
or ion beam for a sufficient length of time such that a layer of between 0.4 nm and 10 nm of '
noble metal oxide is formed and sandwiched betweén the high dielectric constant material and

the noble metal,

It is still another object of the present invention to provide a noble metal oxide

film by exposing the surface of a noble metal substrate to an oxygen-containing plasma energy

source or ion beam.

It is yet another object of the present invention to provide a meﬁlod for depositing |
a high-permittivity material onto a noble metal. substrate by first. exposing a top" surface of the
noble.metal substrate to an oxygen-containing energy source for a sufficient length of time until

an adhesion-promoting layer is formed.

Jt is still ax;other further object of fhe present invention to provide a structure of
a high-permittivity material/noble metal substrate laminate by sandwiching a noble metal oxide
layer formed in a‘top surface of the noble metal substrate for providing improved adhesion and

interface propefties of the high-pennittivity material.

It is yet another further object of the present invention to provide a method for

' forming a DRAM capacitor or ferroelectric memory element by first exposing the top surfacelof

a first electrode to an oxygen-containing-energy source for a sufficient length of time until an
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oxygen-containing surface layer is formed such that the adhesion and interface properties of a.

high-permittivity dielectric or ferroelectric material subsequently deposited on the noble metal

contained in the first electrode are improved.

It is yet another further object of the present invention to provide a. DRAM
capacitor or ferroelectric memory clement that incl\ides alayer of an interface-enhancing- material
formed in a top surfaoe of a first elecﬂode and sandwiched between a laycr ofa hlgh-pemntquf

dielectric matenal and a noble metal contained in the first electrode.

- Summary of the Invention
In _i_xccdrdance with the present invéntion, a method for forming a pobfe'metal
oxide layér on a noble m;ml- substrate is provided w}.xi;:h includes the step of exposing a surface -
of the noble metal substrate to an oxygen~oontain.ingl plasma energy source or ion"bean_) for a

sufficient length of time until 5ndble metal surface oxide layer is formed.

- In a preferred meodiment, a'method for. forming a noble metal oxide layer on a
noble metal substrate can be camed out by the operating step of expoéing a surface of the noble
metal substrate to an oxygén«-oonmining plasma energy source or ion beam such that a no}ile _
mgtal oxide adhesion-promoting layer is fonﬁe&. The_ oxygen—contgining energy source utilized
can. be selectéd. from a ﬁigh-déhsity plasma, a microwave plasma, a RF plasma, an ibn
bombardment produced by oxygen-containing ion beams, and or combinations thereof, with or

without separatedly controllable substrate bias. The plasma process can be carried out in a
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. reaction chamber that has an oxygén_ pressure between about 5 m Torr and about 2,000 m Torr,

wherein an oxygen-containing plasma discharge is generated by a radio frequency power of at
least 50 watts. For remote oxygen-containing energy sources, such as those employed in
downstream microwave ashers or ion beam sources, the c‘ﬁambcr pressure may preferably be even
low.er, in the range between about 0.01 m Torr and about S m Torr. The surface of the nobl;,
metal substrlate. is preferably exposed to the oxygen-con_taining plasma discharge for an exposure
time of at least 1 second. A suitable noble metal substrate is formed by at least one noble metal
from the group of Pt, Pd, Ir, Ag, Au,.Ru, Pd, 0§ and Rh. The lnoble metal substrate_ may also

be formed by a noble metal alloy selected ﬁpm'the abqvé described group of metals.-

The present iﬁvéntion is further directed to a noble _ﬁé@l oxide film that is formed
by exposiﬁg the surface of a noble‘ metal sgbstratc to an oxygcn—contaﬁing plasma ciischarge.
The noble metal oxide.film formed By SI;ch process typically has a thickness between about 0.4
and 10 nm, although lower and h@ghq thicknesses' may be obtained with variations in tr_éatment

conditions.

In émothef preferred émbodiment, the present ihventio_n provides a novel method
for depositing a high—pénhittivity or ferroelectric material on a noble metal substrate which can
be carried out by the operating steps of‘ first providiﬁg a noble metal substrate, then exposing a

top surface of the noble metal substrate to an oxygen-containing energy source for a sufficient

‘length of time until an interface-enhancing layer is formed, and then depositing a high-

permittivity or ferroelectric material on top’ of the noble metal substrate with the interface
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enhancing layer sandwiched thereinbetween. The energy source utilized is an oxygen-containing

plasma which can be selected from a high-density plasma, a microwave plasma, a RF plésma and

‘an ion bombardment produced by ion beams. The 'higﬁ-permittivity or ferroelectric material is

a high dielectric constant material selected from the group consisting of barium strontium titanate,

- lead lanthanum titanate, lead zirconium titanate, bismuth titanate and other dielectric or

ferroelectric perovskites:

The present--inventio_n is further du'ected toa structure of a high permittivity or
ferroelectric material/noble inctal_ substrate lamihﬁé which includes a noble metal substrate that
has a top surface, a noble metal oxidé layer formed in. th(; top surfa;:e of the noble metal
substrate, and ; high-permittivity or ferroelectric material deposited on top of the noble metal
substratc with the noble metal oxide layer sandwiched thereinb"etwecm

In still another preferred embodiment, the present invention provides a novel

method for forming a DRAM capacitor which can be carried out by the operating steps of first

providing a pre-processed semiconductor substrate, -fbxming a first electrode with a first noble

- metal material, exposing a top surface of the first electrode to an energy source for a sufficient

length of time until an interface-enhancing - layer is formed, ’dcpositir}g ‘a high-permittivity

 dielectric material on top -of the first electrode with the interface-enhancing: layer sandwiched

thereinbetween, and forming a second electrode by a second noble metal material on top of the
high-permittivity dielectric material layer. The pre-processed semiconductor substrate has a

silicon contact plug that is formed therein for establishing electrical communication with the first -
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electrode. The adhesion-promoting layer formed is an oxide of thé first noble metal.

‘The present invention is further directed to a DRAM capacitor that include;c, apre-
proccsselc_i semiconductor substrate, a first electrode of a first noble metal material formed on the
substrate, a layef of an interface-enhancing material__ formed in a top surface of the ﬁrst electrode,
a layer of higl;-pemﬁttivity dielectric material on top of the first electrode with tbc in_tcrface—
enhancing layer sandwiched ﬂléreinbetween, and a second eléctrodé of a second noble‘metal :

material formed on top of the high-permittivity dielectxic"n_)atexial layer. The first electrode is

a bottom electrode for the capacitor ‘and the second electrode is a top plate electrode for the
" capacitor. The interface—enharicing iayer contains oxygén and would typically be an oxide of the

first noble metal.

Brief Deécription of the Drawmggl !'

Other objects, features and advantagesl of the present invention.will be come

apparent upon consideration of the specification 'and the appended drawings, in which:

Figure 1 is an enlarged,_ 'cross-sectional view of a conventional DRAM capacitor

structure.

Figure 2A is an enlarged, brqés-sectional view of a present invention substrate

having a noble metal film deposited on top.
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Figure 2B is an enlarged, cross-sectional view of the present invention structure
shown in Figure 2A having a noble metal oxide layer formed on top by é plasma oxidation

process.

 Figure 3A is an enlarged, cross-sectional view of the present invention structure .

of Figure 2B coated with an overlayer of a high-permittivity material.

Figufe 3B is an enlarged, cross-sectional view of the present invention structure

of Figure 3A having a top electrode formed of a second noble metal on top.

Figure 4 is an enlarged, -cross-sectional view of a present invention structure

hav_ing a layer of a spin-on-glass material deposited on top of a layer of noble ;heml oxide.

Figure 5A is a schematic sﬁowing a direct write process for patterning a noble

metal film.

Figure 5B is a schematic illustra_u'ng a feﬂecﬁvity vs. position trace for the dashed

line scan across the pattefned_ area of Figure 5A.

Detailed Description of the Pref'exjred Embodiments

The present invention discloses a method for forming a noble metal oxide layer

on a noble metal substrate by exposing .a surface of the noble metal substrate to an oxygen-
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~ containing energy_source. The oxygen-containing energy source may be chosen from one of the

following energy sources, a high—density'plasma, a microwave plasma, a RF plasma, an ion

bombardment produced by oxygen_ contai‘ning ion beams, or combinations thereof, with or
without separatedly controllable substrate bias. The method can be conducted in a reaction
chamber that has an oxygen pressure between about 5 m Torr and about 2,000 m Torr, ‘wherein

an oxygen-contaiﬁing plasma discharge can be generated by a radio frequency of at least S0 W,

" For remote oxygen-containing energy sources, such as those employed in downstream microwave

- ashers or ion beam sources, the chamber -pressuré n;_lay preferably be even lower, in the range

between about 0.01 m Torr and about 5 m Torr. " The surface of the nobie metal substrate can
be exposed to an _okygen—containing plasma disch'arge for an exposure time of at least 1 seconci,
and preferably for at least 0.5 to S minutes. The noble metal can be at least one member selected
from the group of Pt, Ir, 'Ag', Au, Ru, .Pd, Os and Rh. The noble metal substrate may also be
formed by a noble metal alloy conm?ning. at _lleast one of these nobk; metals_.'_ The present
invention also discloses. a noble metal oxide film that is formed by exposing the surface of a
noble metal substrat:;. to an oxygen-conminiﬁé plasma. The noble metal oxide ﬁlm fonned
typically has a thickness betw;gn about 0.4 ax;d ld mﬁ, although lower and high?r thicknesses

may be obtained with variations in treatment conditions.

The present invention also discloses a novel method for depositing a high-
pcrmittivity or ferroelectric material on a noble metal substrate by first exposing a top surface

of the noble metal substrate to an oxygen-containing energy source for a sufﬁcient'length of time
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until an interface-enhancing layer is formed and then depositing a high-permittivity or

ferroelectric material on top of the noble ‘metal substrate sandwiching the interface-enhancing

layer. The energy source utilized can be an oxygen-containing plasma. The present invention

is also a structure of a high-permittivity or ferroelectric material/noble metal substrate .lamin’ate !
that includes a noble metal oxide layer formed in a top surface of a noble metal substrate and
a high-pcmitﬁvity or ferroelectric material _depbsited on top of the noble metal substrate

sandwiching the -noble; metal oxide layer.

'f'hg p_resent-.- im.r'ention- further discloses a novel method"for' forming a DRAM
capacit;)r by first exposing a tdp surface of a first electrode that is fom;ed of a first noble metal
material to an oxygen-containing energy source for 5 sufficient length of time such that an
interface—enﬁancing layer is formied, and theq depositing a high-permittivity material on top-of .
the first eléctrode sandwiching .the adhesion-promoting layer. A final electrode is then formed

with a second noble metal material on top of the high-permittivity dielectric material layer. The

'capacitor is formed on a bre—processed semiconductor substrate which has a silicon contact plug

formed therein for providing 'electrical conuﬁunicaﬁon with the first electrode. The present
invention ié also a novel DRAM capacitor that has a layer of an interface—enha.ncing material
formed in a top surfaéé of a first -electrode ofa ﬁrst noble métal material, and a layer of a high-
permittivity dielectric material on top of the ﬁr;t electrode sandwiching the interface-enhancing
Iay.z-er.' The DRAM capacitoi_' further include.s a secclmd’ electrode formed of a second noble metal

material and positioned on top of the high-permittivity dielectric material layer.
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The present invéntion further discloses an optical storage medium that includes a

platinum substrate and a patterned platinum oxide layer formed in a top surface of the platinum

. substrate. The patterﬁed platinum oxide layer can be formed by selectively eiposing a top

surface of the substrate to an oxygen-containing energy source. Altemativély, the platinum oxide

may be formed over the entire substrate area and then pa’neméd by spatially selective removal.

. ‘It is generally known that' noble metals such as platinum do not readily oxidize,

. and that the platinum oxides decompose to elemental Pt + 0,' at moderately elevated

temperatures. It is the unique discovery of the present invention that a platinum oxide film can
be formed on a platinum surface ‘when expdéed- to the energetic environment of an oxygen

plasma. Thie present invention novel method therefore discloses exemﬁlary plasma conditions

for producing platinum and iridium oxides. The characteristics of the.' resulting oxide-ﬁlms are -

determined by a technique of X-ray photoelectron spectroscopy (XPS).

It was. discovered th#t ;1 variety of plasma oxidation conditions can be used to form
oxide coatings on noble metal sﬁbstrates or on electrode sﬁrfaces._ Different oxide stoichiometries
are formed at different plasma pressures. Referring now to Figures 2A and 2B, wherein an
enlarged, cross-sectional view of a present invention sﬁucmre 30 is shown. As shown in Figure
2A, a noble metal film 32 is first déposited on a substrate 34, The noble metal film may be
dep.(.)sited of a noble metal ora nqble metal alloy containing at least one noble metal selected
from the group of noble metals including };t, Pd, I, Ag, Au_, Ru, Pfi, Os and Rh. Thé substrate

34 may be formed of SiO, on silicon, or, more preferably, of a conductive material which is
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resistant to oxidation aﬁd does riqt react with the noble metal or with an upderlying silicon layer
(not shown). The metal layer 32 is norrhaﬁy deposited"en substrate 34 by a sputtering techpique.
A noble metal oxide layer 36 is formed in the surface layer of the noble metal film 32 by
exposmg the film to an oxygen-eontammg plasma This is shown in Figure 2B. 'I‘he oxygen-
containing plasma utilized in the present invention method can be suitably _provnded by most .

commercial ashing or etching tools. . For instance, a Plasmalab® p-P-RIE 80 RIE tool or a

N

'March® Jupiter TII plasma asher. The various oxidation conditions are shown in Table 1.

_ Table 1

Test
Machines

| Plasmal.ab®

20 mTorr, 150 W

PlasmaLab®
500 mTorr, 250

March®

500 mTorr, 100

Metal Substrate 1w W
Pt  PtO-like PO, PO,
; 2.5-3.5 nm_ -3.0-43 nm 4.0-5.0 nm
Ir IrOx o,
2.5-3.5 nm 3.5-49 nm

Table 1 shows the oxide stoichiometries and the thicknesses for platinum oxides

“and iridium oxides produced after 10 minutes of oxygen plasma exposure in a March tool which

4

has a 15 cm diameter cathode. or-a PlasmaLab RIE tool which has a 24 cm diameter cathode.
The PlasmaLab tool is a parallel plate reactIV° ion etchmg system Noble metal samples
consisting of 100 nm of electron-beam evaporated Pt or Ir deposited on thermally oxidized silicon.
s1-1bstrates were placed on the bottom 'eleetrode which is driven by a 13.56 MHZ power supply.

The process gas utilized in the chamber is 0, at a chamber pressure of 20 mTorr obtained at a
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20 sccm flow rate, or at a pressure of 500 m Torr obtained at a 50 sccem flow rate. The .20
mTorr process utilized relatively low iaower of 033 Wiem?, resultiﬁg in a self-bias of
approximately 2807300 V. On a platinum substrate, the proceés produced PtO with a thickness
range of beltweer;‘ ébouf 25 5nd é,bout 35 nm The PtO thickness is independent of treatment
time over thé 1 to 20 min time range.examinéd. This suggests thé.t the PtO quickly reaches a

steady-state thickness whose value reflects a competition. between PtO formation (via Pt reactions

- with energetic oxygen species formed in the plasma) and PtO etching (via s_putteﬁng by energe'tic'

oxygen ions formed in the plasma). The 500 mTorr'process'uti_lizes a higher power of 0.55
WIcmz, resulti-x_lg ina self-bias- of 220 V. On the platinum substrate, 10 minutes’of the process

produce a thicker platinum oxide film: that has a composition closer to PtO at a thickness between

about 3.0 and dbout 4.3 nm. On an iridium substrate, these processes produced iridium oxide

films ‘that had thicknesses in 'thé range between about 2.5 and about 4.9 nm and a stoichiometry -

ratio closé to IrO,.

A qualitative indication of the length of treatment time required to form the steady-
state thickness of noble metal oxide can be obtained from in-situ laser reflectance measurements

during oxygen plasma treatment. Clean Pt films monitored by a 633 im HeNe laser at normal

incidence during the 20 m Torr oxygen plasma treatment sﬁowed a steadily decreasing reflectance

that leveled off at a 5% reflectivity loss after about 30 seconds of freatment. Exposing the
oxidized Pt surface to a fluorine-based plasma treatment restored the clean Pt surface and
reversed the reﬂectfvity loss. Based on this data, the minimum required treatment time .is

expected to be about 30 seconds for the 20 m Torr process. However, the minimum required
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treatment time would be expected to depend on the pla‘sfna oxfdat_ion conditions. Times much
shorter than 30 seconds, perhaps as low as 1 sec, might be anticipated for higher density plasma

conditions.

In another commercial tool, a March® Juplter I plasma asher, the plasma

_ oxldatxon of platmum surfaces was conducted by ﬁrst exposing a bare noble metal surface to an

oxygen plasma dlseharge at-an oxygen pressure in the range between ‘about 100 and about 900
m Torr, at a , RF power of about 100 W (over a 15 em dm_ne_ter ea‘thode), and for an exposure

time of about 10 minutes.

. 'While the plasma oxicila,tion method has been described in terms of techniques of
plasma ashing, ie., a low temperature, low-subsﬁ'a;e-bias 'ula'srua'u'eaunent in oxygen, and -
reactive ion etching, ie, a plest;ha treatment at moderate to high substrate bias, the present ..
invention novel method is ri‘o't limited to the utilization of these exemplary plasma oxidation
processes. For instance, the oxygen feed gas for the plasma can be substituted by oxygen-
containing gases such as diatunﬁc or polyatomic gases which contain oxygen as an atomic
constituent, i.c., N,o; or gas mixtures containing oxygen or one or more oxygen-eontaining gases
such as an Ar/O, mixture. Additionally, various kinds of uxygen-containing energy sources may
also be used which include high density plasmas, microwave plasmas, RF plasmas and ion
boulbardment produced by exygen-contaiuing ion beams. Similarly, the noble metals may be
deposited by techniques other than electron beam evaporation, for instance, techniques such as

sputtering, chemical vapor deposition and electrolytic or electroless platirig.
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The noble metals utilized in the present inyéntion novel method may be pure noble
metals, such as Pt, Pd, Ir, Ag, Au, Ru, Pd, Os and Rh, or alloys of noble metals with noble -
metals, alloys of noble metals’ with non-noble metals, alloys of noble metals with non-metals, or

any layered combinations of these metals or alloys.

Example 1

A first application for the noble metal oxidesfﬁrmed by the "p_resent invention -

novel method is to improve the _eiscﬁbnic psppéfﬁes'of;high permittivity materials deposited on
noble metal slec_trddes .in an eleotr_;init’: deVIce .___-.'_.-Tlie -ﬁigh permittivity oxide materials iﬁcludle'

high-epsilon materials such as barium strontium titanate (BST), lead lanthanum titanate (PLT)

. and barium zirconium titanate (BZT), femoelectric materials such as.lead zirconium titanate

(PZT), strontiurh bismuth tantalate (SBT), strontium bismuth niobate (SBN) and bismuth titanate .

| and other perovskites. It has been found that exposing moble metal electrodes to an oxygen -

. plasma oxygenates the noble metal surfaces by providing a surface oxide layer as described

above. This process prodtices improved dielectric propefties in the high-permittivity .material 3
deposited on such actwated surfaces and also leads to lmproved mechanical and chemical
properties. For mstanoe, the electncal pmperttes of specific high-epsilon films deposncd by a
so]-gsl process on the oxndlzed platinum electrodes of F:gure 2B are superior to those deposited

on the unoxidized electrodes of Figure 2A.

~ In Figure 3A, a plasma-o:g_idized noble metal film 32 is coated with an overiayer

of a'high-pe_nnittivity material 38. The structure 30 of Figure 3A is then completed as a
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capacitor having a top electrode layer 42 deposited on top. As an lbéical extension of the present
invention method, improvement is also expected for metal oxides such as MgO and ALO, which

typically deposit with poor oxygen stoichiometry and more generally, for oxygen-containing '

materials selected from the group consisting of metal oxide insulators, metal oxide

semiconductors, metal oxides conductors, _m.etal oxide superodhduCtors, perovskites, metal-
containing silicates, Si0,, high-permittivity materials that have epsilon above 10, and
ferroelectrics. By depositing these materials on the noblé metal oxidés, extra oxygen is provided

to result in a proper composition.

To further prove the eﬂ'ectweness ‘of the present mvenuon method noxmnally
identical 4-layer BST films having 90 nm total thlckness were deposited sequentially on an un-
ashed PUT /810, .substrate and an ashed (in a March tool for' 10 min) _Pt/’l‘iISiO2 substrate. The -
BST was deposited from a 0.2 M solution of baﬁum, strontium, and titanium i—me‘thoxyethoxides
diluted with isépropanol to 0.1 M for spinning 215 A layers. Each layer ;rvas ;seqﬁer;tially hot’
plate dried under a typical condition of 300°C for 3 min, and then crystallized by rapid thermal

annealmg in atmosphenc pressure oxygen under a typxcal conditions of 700°C for 1 min. The

BST film on the un-ashed Pt substrate was characterized by a dlelectnc constant of 167,anda

high loss tangent. The BST film on the ashed Pt substrate ‘was characterized by a dielectric

.constant of 214, and an acceptably low loss tangent. These results obtained are typical in that

BST usually produces better results on ashed Pt-substrates.

The PLT films also produce better results on ashed electrodes. For this material,
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dielectric constants in excess of 500 are achieved on ashed Pt and Ir electrodes, while_ lower

values often result on un-ashed Pt and Ir clectrodes. Some improvements in leakage current have

also been observed.

Example 2
.A second application. for t_he' hdﬁle metal oxides formed by thg present inve_n_tioi_x
novel m&hbd is to in;prdve adhesion between deposited films and the‘ nbb,lc- metals on which
they are depos1ted For example, good adheslon to a noble metal substrate surface might be
desired for conductive nitrides such as TiN, TaN and TaSiN dlelecmc oxldes such as silicon
oxide; d:elecmc mtndes such as silicon nitride and silicon oxymtnde, and carbon-oontammg

dielectrics. Adhesion enhancement has been demonstrated, for the specific use of a spin-on-glass

overlayer on a platinum film substrate, Similar effects aré expected for.ﬁlms of other materials

deposited from solution, e.g., -p'ohotoresist's, or films deposited by chemical vapor deposition
processes, e.g., Si0, formed by low pressul;e chemical vapor deposition (LPCVD) from a
tetraethoxysilane (TEOS) precursor. Such a structure 50 is shoWn in Figure 4 wherein a plasma
oxidized noble metal film 32 is qovered by an overlayer of adhesion-promot'ing. material 36. The
platinum film 32 was prepared by a sequential room tetppérature &apomﬁon of 100 A Ti (not
shown) and 1,000 A Pt on a thermally oxidized (100 nm) silicon substrate 34. Adhesion layer
36 was either 100A of ‘spﬁtter deposited titanium or a platinum oxide Iayer that was prepared 'by
apbi_ying one of two oxygen RIE treauﬁents in a,PlasmaLaB" tool, in either a 20 m Torr pressﬁre
process for 3 minutes (with 20. sccm O, flow rate, 0.33 -W/cx.n2 of p;)wer density and 300 V self

bias) or a 500 m Torr pressure process for 10 minutes (with 50 sccm O, flow rate, 0.55 W/cm®
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power density, and 220 V self bias). Test results from a XPS indicate that the PtO layer
thickness was approximately 2.573.5 nm for the 20 m Torr process and 3.0°4.3 nm for the 500

m Torr process. -

. The spin-on-glass layer_46'd_eposited was A Hitachi HSG 2209-S7 material. The
conditions for the depositibn were 5,000 tpm spinning speed, 0.5 sec rarhp, 3 min 90°C baké, :
12 min 100°C oven bake, 125 to 450°C ramp at 5710 *C/min in N, with a non-ramped cool-

down.

The -adheésion of an approximately 1 pm thick layer of Hitachi HSG 2209-S7 to

a 100 nm p_latiﬁum la&er was compared for the cases of Pt with no adhesion iz«iyer and Pt with

* one of the three different adhesion layers described above, i.e., platinum with a 10 nm overlayer

of Ti, and blaﬁnum with the ﬁlasma oxidaﬁon treatment at 20 and 500 m Torr. Aﬁef a standard
th-ennal curing process by ramping up to 450°C in N,, the HSG on untreated platinum became
cloudy and .wrir_lkl-ed in patches which expanded over a_'_pe.riod of 273 days to cover the complete
wafer surface, and was.'easily removed i)y Scotch tape.  In contrast, the HSG on Ti-treated and

both plasma-oxidized plaﬁnum samples remain smooth and adherent even after scratching through

the film and attempting to péel it off with Scotch tape. ‘While PtOx and Ti both function as .

. adhesion-promoting layers, the PtOx processing is not only simpler, but also avoids potential

problems with PuTi diffusion reaction. It is also expected that adhesion cnhgmcemcnt'.can be
obtained for both oxide and non-oxide materials depositéd-by more energetic téchniﬁugs such as

plasma-assisted chemical vapor deposition (PACVD) and reactive sputtering. In some cases, the
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oxygen treatment of the noble m;:tai substrate Surfacg -to form the adhesi_on-enhancing noble metal
oxide layer may even be carried Qut concﬁrrently with tﬁc initial steps of the deposition process
if the process gases comprise an oxygen-containing species._ For exa_lmple,‘ the process of
'depos'iting silicon oxide on a noble rﬁetal _substrate by P.;\CVD from a mixture éf TEOS and
oxygen {(or by reactive sputteringn of a silicon target in an o’xyge'n-oontaining' working gas)- is
likcly to _resul.t in the un-intentional (but beneficidl) formation of an adhesion-promoting noble

metal oxide.

Example 3

In addition to the improvements in adhesion and electronic properties of the

" deposited materials, the present invention novel noble metal oxide films also provide benefits in

' optical storage and selective catalysis.- Relative to the un-oxidized platinum films, the oxidized -

films are browner in color am_i lower in reﬁecﬁvity. For instance, the dmp in reflectivity is
ap;‘)rbximately 5% when measu:l-‘ed.by a 633 nm HeNe laser at normal incidence angle. The _
differcnc'es. suggest the possibility of _u_sing PtOx on platinum system as an optical stofage
medium. Since heating the ﬁlms up to 4507550 °C in an oxygén-pqor' environment would be
expected to cause PtOx to lose oxygen and revert to elemental Pt, it is expected that the samé ) '
reaction can be made to occur. in a spatially selective fnanner by locally heating or exciting.
selected regions of PtOx with an electron or phqton beam. This is shown in illustrations in

Figures 5A and SB.

Figure 5A illustrates a schematic for a direct write process for patterning a noble
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metal film, while Figure 5B illustrates a reflectivity vs. position trace for the dashed line shown
across the patterned area of Figure SA. An oxide-free fearure 60 is written on the PtOx surface
54 with a directed energy source 56, for example, a focused laser or electron be::\msT Spatially
eelective cataiysis could therefore be achievediif the same patter'ning techniques were used to

define activated or non-activated regions of an oxidized noble. metal surface.

It ehould be-noted that, in addition to the above described beneﬁts‘end advantages
achievable by the present invention rnethod, the surface wettmg and unifon’niiy -chare;teﬁs;r.ics
are also enhanced by a plasma ashrng or oxidation process This has been demonstrated for sol-
gel deposited films of high drelecrnc constant matenals such as BST and PLT and also for
ferroelectnc matenals such as bismuth ntanate on substrates consrstmg of platinum electrodes |

* separated by field regions of srlrcon oxides.

In recent years, the invention of .new microscopies that hérve near atomic

resolution, i.e:, 1_:_he scanning runneling microscopy (STM), the atomic force microscopy (AFM)
| and the scanning interferomet_ric ) e.penure'lese microscopy (SLAM) has triggered a ﬂuny of
activities in finding new methods for storing mformatron with ultra-high data densrty In this
| regard the problem of finding a sultable method for achrevrng high density read-only storage .
schemes 'seems more readily solvable and therefore, may provide solutions for permanent storage
of 'large amount of data sueh as. that contained in the Library of Congress. By using these
techniques, bits can be made on a surface by means of STM’s and .AFM’s, although currently .

at relatively low speeds, while high density reading can be done faster by means of the SIAM.
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A practical way of writing bits with high density can be derived from distinct catalytic prbpértiés
selected surface sites, so that material thaf creates'optical contrast can be selectively deposited
by means of CVD fechniques. Due to the known camlyﬁc properties of metails such as Pt and
Pd, a method that locally shield§ such metals can be used to selectiveiy deposit material on the
_ uncovered regions by means of a CVD process. For instance, surface oxidation of these .r'netéllic

| surfaces in the form of a; very thin oxide layer car prevent the catalytic effect.

While the present inv;mﬁon has been described in an illustrative fnanﬂer,"it should

“ be understood that the: terminology used is intended to be in-a nature of words of description

rather than of limitation.
Furthermoi'e, while the present invention has been described in terms of several- |

preferred embodiments, it is to be appreciated that those skilled in the art will readily apply these

teachings to other possible variations of the inventions.



<

* c L M S *

25

Claims
1. A method for forming an noble metal oxide film layer on and at least:
pa_rtiélly -covering a 's.urface of a noble metal substrate cor'nprising the steps of exposing Isaid

surface of the noble metal substrate to an oxygeq-containing plasma.

2, A method acoordmg to claim 1 further comprising the step of feedmg a

plasma wuh at least one oxygen-containing gas.

3. .'A method according to claim 1, wherciti said o:'cygen-containing plasma is
selected from the group conslstmg of a hlgh-dens1ty plasma, a microwave plasma, a RF plasia -
and an ion bombardment produced by oxygen-containing ion beams or oombmatlons thereof, with

or without separatedly comro]lable substrate bias. '

!

4. A method according to claim 1, wherein said method is conducted in a

reaction chamber having an oxygen pressdre between about 0.01 m Torr and about 2,000 m Torr.

s. A method according to claim 1, wherein said oxygen plasma discharge is

generéted by a radio-frequency" power of at least 50 W.

6. A method according to claim 1, wherein said surface of the noble metal

substrate is exposéd to an oxygen plasma discharge for an exposure time of at least 1 second.
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-7 A method according to claim 1, wherein. said noble metal substrate
comprises at least one noble metal sele_ctéd from the group consisting of Pt, Ir, Ag, Au, Ru, Pd,

Os and Rh.
8 A method according to ‘claim 1, wherein said noble metal substrate
comprises a noble metal alloy consisting 6f at least one.noble metal selected from the group.

consisting of Pt, Ir, Ag, Au, Ru, Pd, Os and 'Rh_.'

9. A method according to claim 1, whérein said noble metal substrate

comprises two or more layers of noble metals each selected from the group consisting of Pt, Ir,

Ag, Au, Ry, Pd, Os ahd Rh.
1
10. A noble metal oxide film layer fomi_ed by. exposing the surface of a noble

metal substrate to an oxygen-containing plasma.’

1. | An oxygen'-cdntaining film layer according to claim 10, wherein said film

layer having a thickness between about 0.4 nm and about 10 nm.

127 An oxygen-containiné film layer according to claim 10, wherein said
oxygen-containing plasma is sélccted from the group consisting of a high-density plasma, a
microwave plasma, a RF plasma, an ion bombardment produced by oxygen-containing ion beams

and combinations thereof, with or without separatedly c.omroliable‘ substrate bias.
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13. An oxygen-containing film layer according to claim 10, wherein said

oxygeh plasma discharge is generated by a radio-ﬁ'cquency ﬁc‘)wer of at least 50 W.: -

14.  An oxygen-containing film - layer accordfng to claim 10, wherein said
surface of the noble metal substrate is exposed to"an oxygen plasma discharge for an éxposure

time of at least 1 second.

'15.  An oxygen-containing film layer according to claim 10, wherein said noble
metal substrate comprises at least one noblg metal selected -from the group consisting of Pt, Ir,
Ag, Au, Ru, Pd, Os and Rh.

16.  An oxygen-containing film layer according to claim 10, wherein said n_oblé.
metal substrate comprises anoble metal alloy consisting of at least one noble metal selected from

the group consisting of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.

17.  Anoxygen-containing film layer according to claim 10, wherein said noble
metal substrate comprises two or more layers of noble metals each selected from the group

consisting of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.
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18. Al method for depogiﬁng an oxygen-containing material on a noble metal'
substrate comprising the steps of:
providing a noble metal substrate,
exposing a top surface of the noble metal substrate to an ox);gen-containing energy
source for a sqfﬁcient length of time until an interface-enhancing iayer is fonned, and..

- depositing an oxygen-containing material on top of said noble metal substrate with

said interface-enhancing layer sandwiched thereinbetweeri.

" .19. A method according to claim 18, wherein said oxygen—conmiﬁing euergy.

source is a plasma source.

20. A method according to claim 18, wherein said 'é)xygen-containihg energy

source is an oxygen-containing plasma.

-21. A method according to ciaim 18, wﬁe_rein 'sajd oxygen-containing' energy
source is an oxygen-containing plasma selected from the group consisting of a high-density
plasma, a micrdw_ave plasma, a RF plasma and an ion bombardment produced by oxygen-
containing ion beams or combinations thereof, with or without separatedly contrpﬁable substrate

bias.

22. A method according ta claim 18, wherein said step of exposing said top

surface of the noble metal substrate to an energy source is conducted in a reaction chamber
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having an oxygen pressure between about 0.01 m Torr and about 2,000 m Torr.
23. A method 'acc'ordin.g to claim 18, wherein said noble metal substrate

coniprises at least one noble metal selected from the group consisting of Pt, Ir, Ag, Au, Ru, Pd,

Os and Rh.

24. A method according to claim 18, wherein said sufficient length of time is

at least 1 second.

. 25. A method according to claim 18, wherein said noble metal substrate
comprises a noble metal alloy consisting of at jeast one noble metal selected from the group

consisting of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.

26. A method accdrding to claim 18, wherein said oxygen-containing: material

1

is a perovskite-type insulator material.

27. A method according to claim 18, wherein said oxygen-containing material
is selected from the 'group consisting 6f barium strontium titanate (BST), lead lanthanum titanate
(PLT), lead zirconium titanate (PZT), ‘barium zirconium titanate (BZT), strontium bismuth

tantalate (SBT), strontium bismuth niobate (SBN), and bismuth titanate.

28, A method according to claim 18, wherein said oxygen-containing material

is selected from the group consisting of metal oxide insulators, metal oxide semiconductors, metal
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oxide conductors, metal oxide superconductors, metal-containing silicates, silicon oxide, high-

permittivity materials having epsilon of gréater than 10 and ferroelectrics.

29. A method according to claim 18, wherein said interface—enhéncing ia&cr
formed is an oxide of the noble metal contained in the noble metal substrate.
30. A method according to claim 18, wherein said interface-enhéncing layer

formed h'as.a thickness between about 0.4 nm and about 10 nm.

3. A.stmcture of an oxygen-containfng matérial/noble metal éubstrate laminate
comprising:- | | |

a noble metal substrate having a top surface,

.a noble metal oxide layer in a top surface of said noble metal subétrate, aﬁd

an oxygen-containing material deposited on top of said noble metal s_u_bsn'ate with

said noble metal oxide layer sandwiched thereinbetween.

32. A structure according to claim 31, wheréin said noble metal oxide layer is

an interface-enhancing layer having a thickness between ébout 0.4 nm and about 10 nm,

33. A structurs according to claim 31, wherein said oxygen-containing material
is a high dielectric constant material sclected from the group consisting of barium strontium

titanate (BST), lead lanthanum titanate (PLT), lead zirconium titanate (PZT), barium_zirconiﬁm
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titanatg (BZT), strontium bismuth tantalate (SBT), st_rohtium bismuth niobate (SBN), and bismuth

titanate.

34. A structure according to claim 31, wherein said oxygen-containing material

is a Perovskite-type insulator material.

35. A structure according to claim 31, wherein said oxygen-containing material

is selected from the group consisting ‘of metal oxide insulators, metal oxide semiconductors metal

- oxide conductors, metal oxide superconductors, metal-coritaining silicates, silicon oxide, high-

permittivity materials having 'ep_silon of gréater than 10 and ferroelectrics.

36.. A 'struc_tufe according to claim 31, wherein said noble metai' substrate :
comprises at least one noble metal selected from the group consisﬁng of Pt, I, Ag, Au, Ru, Pd,

Os and Rh.

37. A suucture éccording to claim 31, wherein said noble metal substrate
comprises a noble metal alloy consisting of at least one"noble metal selected from the group

consisﬁng of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.

38. A method for forming a semiconductor memory element comprising the

steps of:

providing a pre-processed semiconductor substrate,
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forming a first electrode with a first noble metal material,
exposing a top surface of said first electrode to an oxygen-containing energy

source for a sufficient length of time to form an interface-enhancing layer,

depositing a high-pennitﬁvity dielectric or ferroelectric material on top of said

first electrode with said interface-enhancing layer ._sa.ndwiched thereinbetween, and -

forming a second electrode with a second noble metal material on top of said high- .

permittivity dielectric or ferroelectric material layer. -

39. A method according to claim 38, wherein said pre-processé_d semiconductor
substrate having a conductive contact plug formed therein adapted for electrical communication

with said first elcctrode. _

-40. A method accofding to claim 1;8, wherein said first noble metal material
and said second noble metal material are selected from the group consisting of Pt, Ir, Ag, Au,

Ru, Pd, Os and Rh

41. A method according to claim 38, wherein said first noble metal material

and said second noble metal-mateﬁal are formed of a noble metal alloy consisting of at least one

‘noble metal selected from the group consisting of Pt, Ir, Ag, Au, Ru, Pd,. Os and Rh,
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42 A method according to claim 38 wherein said first noble metal material is

the same as the second noble metal material.
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43 A method according to claim 38 wherein said oxygen-containing energy

source is an oxygen-containing plasma.

44. A method according to claim 38, wherein said oxygen-conmiiling_energy

.source is an oxygen-containing plasma selected from the group consisting of a high-density

plaémé, a fnicrowwe plasma, a RF plasma and an ion bombardment produced by okygen-
containing ion beams or comlﬁnations thereof, with or without scparatedly controllable substrate

bias.
'45. A method according to claim 38, wherein said step of exposing a top
surface of said first electrode to an energy source is conducted in a reaction chamber having an

oxygen préssure between about 0.01 m Torr and about 2,000 m Torr.

-46. A method according to claim 38, wherein ‘said sufficient length of time is

at least 1 second.

47. A method a_ccoi'ding to claim 38; wherein said high -permittivity or

ferroelectric material is a perovskite-type insulator material.
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48. A fnéthod according to claim 38, wherein said high-permittivity or
ferroelecn'ic.mateﬁal- is a high dielectric_constant material selected from th_e group consisting of
batiuiri-stronﬁum titanate (BST), lead lanthanum titanate (PLT), lead zirconium Ititanate (PZT),

barium zirconium titanate (BZT), strontium bismuth tantalate (SBT), strontium bismuth niobate

(SBN) and bismuth titanate.

-49.. . A method acoofding to claim ',38, wherein said high-permittivity or -
- ferroelectric material is selected from the group consisting of metal oxide insulators, metal-
containing silicates, silicon oxide, high-permittivity materials having epsilon of greater than 10

and ferroelectrics.

50. A method according tb claim 38, Whereih said interfacing-enhancing layer

formed is an oxide of said first noble metal material.

51, Amethod according to claim 38, wherein said interfacing-enharit:ing layer

formed has a thickness between' about 0.4 nm and about 10 nm.

52. A method according to claim -38, wherein at least one of said first and
second electrodes is formed by two or more layers of noble metal material selected from the

- group consisting of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.
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$3. A semiconductor mﬁho& element comprising:
a pre-processed semiconductor substraie,
a first electrode of a first noble metal material on said sﬁbsu'ate,l'
- “alayer of an int.erfaéing—.enhancing.mateﬁal inatop surface of said first ele_c?trode; _
allayer of high-permittivity'_ dielectric or ferroelectric material on top of said first
electrode with said adhesion-prompting layer sandwiched thereinbetween; and
a second electrode of a .sécond nobleﬂm_eta'l material on top of said high-'

permittivity dielectric or ferroelecﬁc material layer.

54. A semiconductor memory element according to claim 53, wherein said pre-
processed semiconductor substrate having a silicon contact plug formed therein adapted for

electrical communication with said first electrode. .

S55. A semicoﬁductor memory element accordiﬁg to claim 53, wherein said first
noble metal material and said second noble metal material are églected from the group consisting

of Pt, Ir, Ag, Au, Ru, Pd, Os and Rh.

56. A semiconductor memory element according to claim 53, wherein said first |
noble metal material and said second noble meta! material are formed of a noble metal alloy
consisting of at least one noble metal selected from the group consisting of Pt, Ir, Ag, Au, Ru, .

Pd, Os and Rh.
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57. A semiconductor memory element according to claim_53, wherein said first

noble metal material ‘is the same as the second noble metal material,

58. A semiconductor memory element according to claim $3, wherein said

- adhesion-promoting. layer i$ an oxide of said first noble metal material. .

59. E A semicondpctof meniory' elet_ﬁcht according to claim 53, wherein said

high-pennittivity material is a perovskite-type insulator material.

60. A semiconductor memory é]ement according to claim 53, wherein said
hiéh-pennittivity material is a high dielectric constant material selected from the group consisting
of barium strontium titanate {BST), lead lanthanum ﬁtaﬁate (PLT), lead zirconium titanate (PZT)

and bismuth titanate.” : i

-~ 61.. A semiconductor memory element according to claim 53, wherein said

adhesion-promoting layer formed has a thickness between about 0.4 nm and about 10 nm.

62. A scrﬁiconductor memory element according to claim 53, wherein said first
electrode is a bottom electrode for the capacitor and said second electrode is a top plate electrode

for the capacitor.
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63.  An optical storage medium comprising;
a platinum substrate, and

a platinum oxide layer formed in a top surface of said platinum substrate.

64. An optical storage medium according to claim 63, wherein said platinum

oxide -léyer is patterned by exposing a’top surface of said substrate to a directed energy. source.

65.. A metho_d for depositing a material on a noble metal gubétratc mmpﬁsing . |
the steps of: |
" providing a.noble metal _sub,éﬁﬁte,
exposing a top surface of the noblé metal substrate to an energy source for a
suffiqient lc'ng.th of ﬁme until an édhesion-promoting layer is formed, and
depositing a material on tbp of said noble metal subsn'até with the adhegioﬁ- . :

promoting 'laye\.r sandwiched thereinbetween.

66. A method according to claim 65, wherein said energy source is an oxygen-
containing p‘lasma selected from the group consisting of a high-density plasma, a microwave
plasma, a RF plasma. an ion bombardment produced by oxygen-containing ion beams and

combinations thereof, with or without separatedly controllable substrate bias.
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67. A method accordin'g-to claim 65, wherein said material deposited is a spin-

on-glass material or photoresist.

68. Ainethod according to claim 65, wherein said material deposifed is.selected - -
from the group consisting of conductive nitrides of TiN, TaN and TaSiN, dielectric oxides of
.silicon, oxide; dielcctﬁé nitrides . of .silicon-,.nitride, silicon oxynitride, and carbon-containing

dielectrics. I - S

69. A slmcture of'.a mateﬁgl/noble metal substrate laminate comprising:

a noblé .met:al substrate'having:a top surface, |

-a noble mefal oxide laj'rer f;)rmed in a top surface of the noble metal substrate, and
' a material deposited on tox; of the noble metal subs_ﬁ‘ate with the noble metal oxide

layer sandwiched thereinbetween.

70. A structure according to claim 69, wherein said noble metal oxide layer is: _

an adhesion-promoting layer having a thickness between about 0.4 nm and about 10 nm.

71. A structure according to 'claim 69, wherein said material in the _

material/noble metal substrate laminate is a spir{-.on_eglass material.
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' 72 A structure according to claim 69, wherein said material deposited on top
of said noble metal substrate is selected from the group consisting of conductive nitrides of TiN,

TaN and TaSiN, dielectric oxides of silicon oxide, dielectric niwides of silicon nitride and silicon

oxynitride and carbon-containing dielectrics.
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' METHOD FOR FORMING NOBLE METAL OXIDES
AND STRUCTURES FORMED THEREOF

ABSTRACT

The present invention discloses a method for forming a noble metal oxide film layer (32)

- on a noble metal substrate (34) by exposing a surface of the noble metal substrate (34) to

an oxygen-containing energy source. The noble metal may also be formed as a noble
metal alloy containing at least one of those noble metals. The invention also discloses a
noble metal oxide film layer (36) that is formed by exposing the surface of a noble metal
substrate (34) to an oxygen-containing plasma.

The invention also discloses a hovel method for depositing a high-permittivity material

(38)ona noble metal substrate (34) by first exposing a top surface of a noble metal

substrate to an oxygen-containing energy source for a sufficient length of time until an
interface-enhancing layer is formed and then depositing a high-permittivity material on
top of the noble metal substrate (30) sandwiching the oxygen-containing layer (36). |
Fig. 3B ' |
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