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METHOD FOR FORMJNG NOBLE METAL OXIDES 
AND STRUCTURES FORMED THEREOF \/ 

Field of the Invention 

./PO~ I~ 

c.01J 1 

The present invention generally relates to a method for forming noble meta~_ oxides 

and structures formed thereof; more particularly, it relates to a method for fonning noble metal 

oxides by exposing a noble metal surface to an oxygen containing plasma energy source or ion 
. . .. . -

beam, thereby forming a surface layer of noble metal oxide such that improved adhesion and 

inte~ properties are achieved with a subsequently deposited layer. 

Background of the :Invention 

In the development of ULSI. memory ,devices, and specifically for ·those memory 

devices fabricatr<f by sub-half-micron technology, device sizes are continually being reduced in 

' 
order to minimize the ·chip real estate used. One of the more recently developed fabrication 

method~ for achieying such a goal in dynamic random access memory (DRAM) devices 

incorporates building capacitors with a stack capacitor geometry. In a stack capacitor fabricated 

for a DRAM device; a high-permittivitY (or high-epsilon) material is frequently used- as the 

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

· · structu~s incorporating ferroelectric materials can also be used to form non-volatile memory 

devfoes such as NVRAM. 

FQr instance, in recently developed fabrication processes for the DRAM capacitors, 
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high-epsiJon materia]s such a8 barium strontium titanate· (BST), Jead Janthanum titanate (PLT), 

lead zireonium titanate (PZT), bismuth titanate and other types of perovskite insulator materials 

have been utiliZed in such structures. 

The use_ of high-epsilon materials generally requires base electrodes made pf noble 

· metals in order to minimize the effect of inteffaces ·of low permittivity capacitance which would 
. . 

otherwise lower the overall capacitance of the structure. Noble metals such as Pt, Ir,. Ag, Au, 

Ru, . Pd, Os and Rh are typical candidate electrode. ~terials for memory devices incorporating 
' ., 

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

during a subsequent deposition process for a dielectric insulator. Of the· various noble ~etal . 

materials, Pt' an~ Ir are good examples for use as noble metal electrosles. However, a problem 

observed in depositing a perhvskite-fype insuiator material on top of th~se 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 pennittivity material, or from an interfacial surface 

layer at the dielectric/electrode interface Call result in a numb~r of problems. For example, 

oxygeri-poor phases of .these ~igh pennittivity materials tend to have lower dielectric constants. . 

In addition, oxygen· vacancies in the dielectric can lead to undesirably higher leakage currents, 

either by making the dielectric i:nore conductive, or by lowering the barrier height for carrier 

injection from the electrode at the electrode/dielectric interface. Defects due.to oxygen vaeancies. 

can also oscillate in re8ponse to applied fields and contribute to ac losses. 

While the excellent oxidation resistance of most noble qietal 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 be useful in promoting surface adhesion. Surface layers 

of nobl~ metal oxides. are useful in adhesion promotion ·when preparing oxygen-rich noble 

metal/dielectric interfaces that are desi~ble in electronic devices ~ntaining high-permittivity 

materials. 

Figure 1 is an illustration of a conventional DRAM capacitor structure which might 

be incorporated into a serl!iconductor memory device such as that shown, for examp~e, in Serial 

No. 08/866, 460(Case Y(996-080) by C. Cabral, Jr. et al-and Serial No. 08/886. 459 (Case 

Y0996-I76) by A; Grill et al, both filed May 30, 1997.and assigned to the IBM Corporation~ 

Capacitor 10 is built on a pre-processed silicon substrate on top of an oxide insulating layer 12 

and a silicon contact plug 16. It is constructed by first depositing and then fotrning a bottom 

electrode 20 from a noble metal such as Pt, Pd,. Ir, Ag, Au, Ru, Pd, Os and Rh. A high dielectric 

constant.material, i.e., a high-epsilon material such as barium strontium titanate or lead lanthanum 

titanate is then -deposited to cover the bottom electrode 20 fonning an insulating layer 24. On 

top of the insulating layer 24,_.a second eiectrode layer 28 formed of a similar noble metal 

material is then deposited for use as a top plate electrode. 

The chemical inertness of the noble metal materials may .contribute to poor 

adhesion at noble metal interfaces with other materials. For instance, other than the high-epsilon 

materials, spin-on-glasses (SOG) supplied as FOx41 by Dow Coming and as HSG41 by Hitachi 

may also be desirable inexpensive insulating dielectric materials for use in ·structures contafoing 
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noble metals, for example, . as an insulating isolation layer over plate elect:rOOe 28 shown in 

Figure ~. However, the SOG materials may be difficult to use in such applicatio~s due to their 

poor adhesion. 

Others have recognized that the presence of surface contaminants in the~ fonn of 

very· thin carbon or oxide layers can affect the diffusion and reaction of atoms deposited on a 

metal surface. The thin surface films thus fanned tend to be detrimental to good· adhesion and 

are therefore, generaJJy eliininated prior to a deposition ·process • There have been cases where 

the presence of.a surface oxide lay~ is beneficial. For instance, U.S. Patent S,382,447 to Kaja 

et al teaches the use of a Co30 4-like oxide film ~aving a thickness of about so.A for enhancing 

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

surface oxygen bonds in the ~xide layer may have a strong' chemical interaction with the aniving 

cations, and thus leading to improved adhesion .. There .is also an assumption of an electrostatic 

mechan.ism of adhesion for non~metallic coatings due to a positive charge transfer occurring 

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

in. the oxide. 

Others have attempted to solve the problem of poor adhesion· between a spin-on-

glass and platinum by using SOG alternatives such as a sputter-deposi~ quartz material. 

· However, relative to SOG, sputtering 'is an expensive process to cany out and moreover, is 

ineffeetive in filling small gaps. ~ile the gap filling problem may be minimized, by using the 

sputter-deposited quartz only as a thin adhesion layer (between 100-200 A) between- Pt and SOG, 
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·this comes at the expense of higher cost. Still others have used an evaporated or sputtered 

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

tlie 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 subsequently deposited oxide-containing 

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 p_rovide a method for improving 

the adhesion and interface pi:operties of a noble metal and a subsequently deposited high 

dielectric constant material by exposing· the surface of the noble metal to an oxygen-containing 
. . 

plasma or ion beam such that a layer of noble metal oxide is first funned on the noble metal 

substrate. 

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

improving the adhesion and interface properties of a high dielectric constant material deposited 
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on a noble metal by first exposing a surface ofthe 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 between 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 ~other object of the present invention to provide a method 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 . 

.. ~t. is still another further objeCt of the present invention to provide a structure of 

a high-permittivity materiaVnoble metal substrate laminate by sandwiching a noble metal oxide 

layer formed in a ·top surface of the noble metal sub~te for providing improved adhesion and 

interface properties of the high-permittivity 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 surface of 

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 fonned such that the adhesion and interface properties of a 

high-pennittivity dielectric or ferroelectri~ 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 ~-DRAM 

capacitor or ferroel~ memory element that includes a layer of an interface-enhancing material 

fonned ii:i a top surface of a first electrode and sandwiched between a layer of a high-permittivity 

dielectric material and a noble metal contained in the first: electrode. 

Summary of the Invention 

In ~ccordance with. the present invention, a method for forming a noble· metal 
. . 

oxide layer on a noble metal substrate is provided which includes the step of exposing a sUrface 

of the noble metal substrate to an oxygen-containing plasma energy source or ion . beam for a 

sufficient length of time until a noble metal surface oxide layer is formed. 

· In a preferred embodiment, a method for fanning a noble metal oxide layer on a 

noble metal substrate can be canied out by the operating step of exposing a surface of the noble 

metal substrate to an oxygen-containing plasma energy sot,1rce or ion beam such that a. noble 

metal oxide adhesion-promoting layer is fonned. The oxygen-containing energy source utilized 

can be selectCd from a high-density plasma, a microwave plasma, a RF plasma, an ion 

bombardment produced ~y oxygen-containing ion beams, and or combinations thereof, with or 

without separatedly controllable substrate bias. The plasma process can be carried o.ut in a 
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reaction chamber that has an oxygen pres.sure 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 empJoyCd in 

downstream microwave ashers or ion beam sources, the chamber pressure may pieferabiy be even 

lower, in the tange between about 0.01 m Torr and about 5 m Torr. The surface of ~e noble. 

metal substrate is preferably exposed to the oxygen-containing plasma discharge for an exposure 

time of at least J 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, Os and Rh. The noble metal subs~~-may also 

be fonnCd by a noble metal alioy selec.ted from the above described group of metals •. 

The present invention is further directed to a noble metal oxide film that is formed 

by exposing the sui-face of a noble metal substrate to an oxygen-containing plasma discharge. 

The noble metal oxide. film formed by such process typically has a thickness between about 0.4 

and 10 nm, although lower and higher thicknesses' may be obtained with variations in treatment 

conditions. 

In another preferred emb"odiment, the .present invention provides a novel method 

for depositing a high-permittivity or ferroelectric material on a noble metal substrate which can 

be canied out by the operating steps of first providing a noble metal substt:ate, 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 ferroel~ctric material on top· of the rtoble metai substrate with the interface 
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enhancing layer ~andwiched thereinbetween. The energy source utilized is an oxygen-containing 

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

an ion bombardment produced. by ion beams. The "high-permittivity or ferroelectric material is 

a high dielectric constant material se1.ected from the 8f9Up consisting of barium strontium titanate, 

lead lanthanum titanate, lead zirconium titanate, bismuth titana~ and other diel~tric or 

ferroelectric perovskites~ 

The present invention is further directed to a structure of a high permittivity or 

ferroelectric materiaVnoble me1al substrate laminate which includes a noble metal substrat~ that 

has a top surface, a noble metal oxide layer formed. in. the top surface of the noble metal 

substrate. and a high-permittivity or ferroelectric material deposited on top of the noble meial 

substrate with the noble metal oxide layer sandwiched. thereinbetween. 

In still another preferred embodiment, th~ present invention provides a novel 

method foi: forming a DRAM capac~tor which can be carried out by the operating steps of first 

.providing a pre-proces$ed semiconductor substrate, fonning 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 interfa:~nhancing layer is formed, depositing a high-permittivity 

dielectric material on top of the first electrode with the interfac~nhancii:ig 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 bas a 

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

The present invention is further directed to a DRAM· capacitor that includes a pre­

processed semiconductor substrate, a first electrode of a first noble metal material formed on the 

substrate, a layer of an inteiface-enhancing material_ formed iri a top surface of the first c:;lectrode, 

a layer of high-permittivity dielectric material on· top of the first electrode with the interface­

enhancing layer sandwichCcl thereinbetween, and a second- electrode of a second noble metal . 

material formed on top of the high-peimittivity dielectric ·material layer. The first electrode is 

a bottom electrode for the capacitoi: ·and the second electrode is a ~p plate electrode for the 

capacitor. The interface-enhancing layer contains oxygen and would typica11y be an oxide of the 

first noble metal. 

Brief Description of the Drawings , . 

Other objects, features and advantages 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, ~ss-sectional view of a present invention substrate 

having a noble metal film deposited on top. 
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Figure · 2B is an enlarged, 2ross-sectional view of the present invention structure 

shown in Figure 2A having a noble metal oxide iayer formed on ~op by a plasma oxidation 

process. 

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

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

Figure 38 is an·•enlarged, cross-sectionai view of the present invention structure 
!· . 

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

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

having a layer of a spin-on-glass material dej,osited on top of a layer of noble ~etal oxide. 

Figure SA is a schematic showing a direct write process for patterning a noble 

metal film. . 

Figure SB is a schematic illustrating a reflectivity vs. position trace for the dashed 

line scan across the patterned area of Figure SA. 

Detailed Description of the Pref erred 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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contai~ing 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 containing ion beams, or combinations th~reof, 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 2,00~ m Torr, .~herein 

~n oxygen-containing plasma discharge can be generated by a radio frequency of at least SOW. 

For remote oxygen-containing energy s0urces, such as those employed in downstream microwave 

. ashers or ion beam sources, the chamber pressure may preferably be even lQwer, iii the .range 

between about 0.01 m.Torr and about S m Torr.· The surface of the noble metal substrate can 

be exposed to an oxygen-containing J>lasma discharge for an exposure time of at least 1 second, 

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 containing at . least one of these. noble metals. . The· present 

invention also discloses. a noble metal oxide film that is fonned by exposing the surface of a 

noble metal s~bstrate to an oxygen-containing plasma. The noble metal oxide film formed 

typically has a thickness be~ about 0.4 and 10 nm, although lower and higher thicknesses 

may be obtained with variations in treatment conditions. 

The . present invention also discloses· a novel method for depositing a high­

permittivity or ferroelectric material on a nob,le metal substrate by first exposing a top surface 

of the noble metal substrate to an oxygen-contai~ing energy source for a sufficient. length of time 
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until an interface-enhancing layer is formed and then d~positing a high-permittivity or 

ferroelectric material on top of the ~oble .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 rnateriaVnoble _metal substrate lamin~te 

that includes a noble metal oxide layer fonned in a top surface of a noble metal subs~te and 

a high-pennittivity or ferroelectric material . deposited on top of the n~ble ~etal substrate 

sandwiching the ·noble metal oxide layer. 

The present.· invention· further discloses a novel method. for fonning a DRAM 

capacitor by first exposing· a top surface of a first electrode that is fonned of a first noble metal 
. . 

material to an oxygen-containing energy source for a· sufficient length of time such that an 

interface-enhancing layer is fotmed," and then depositing a high-permittivity material on top· of 

the first electrode sandwiching the adhesion-promoting layer. A final electrode is then formed 

with a second n<:>ble metal material on top of the high-permittivity dielectric material layer. The 

capacitor is fo.nned on a pre-processed· semiconductor substrate which has a silicon contact plug 

formed therein for providing electrical communication with the first electrode. The present 
' I • ' • 

invention is also a novel DRAM capacitor that has a layer of an interface-enhancing material 

formed in a top surface of a first electrode of a first noble metal material, and a ~ayer of a high-

permittivity dielectric material on top of the fi~t electrode sandwiching the. interface-enhancing 

layer.· The DRAM capacitor further includes a second electrode formed of a second noble metal 

material and positioned on top of the high-pennittivity dielectric material layer. 
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The present invention fui:ther 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 patterned platinum oxide layer can be fonned by selectively eX:posing a top 

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

may be formed over the entire substrate area and then patterned by spatially selective ~moval. 

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

and that the platinum oxides decompose 'to elemental Pt + 0 2 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 exposed. to the energetic environment of an oxygen 

plasma. The present invention novel method therefore discloses exemplary plasma conditions 

for producing platinum and iridium oxides. The characteristics of the resulting oxide·fil~s are 

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

Jt was discovered that a varlet')' of plasma oxidation conditions can be used to form 

oxide coatin~s on noble metal substrates or on electrode surfaces~ Different oxide stoichiometries 

are fonned at different plasma pressures. Referring now to Figures 2A and 28, wherein an 

enlarged, cross:..sectional view of a present invention structure 30 is shown. As shown in Figure 

2A, a noble metal film 32 is first deposited on a substrate 34. The noble .metal film may be 

deposited of a noble metal or a noble metal alloy containing at least one noble metal selected 

from the group of noble metals including Pt, Pd, Ir, Ag, Au, Ru, Pd, Os and Rh. The substrate . . 

34 may be formed of Si02 on silicon. or, more preferably, of a conductive material which is 
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resistant to oxidation al)d .does riot react with the n~ble metal or with an underlying siliCQn layer 

(not shown). The metal layer 32 is nonnaily deposited·on substrate 34 by a sputtering technique. 

A noble metal oxide layer 36 is fonned in the surface layer of -the noble metal film 32 by 

exposing the film to an oxygen-containing plasma; This is shown in Figure 2B. The oxygen­

containing plasma utilized in the pi'.esent invention method can be suitably _provided .by most 

commercial ashing or etching tools. . For instance, a Plasmalab8 µ-P-RIE 80 RIE tool or a 

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

Table 1 

Test PlasmaLab®. PlasmaLab® March• 
Machines 20 mTorr~ 150 W 500 mTorr, 250 500 mTorr, 100 

Metal Substrate 
w w 

Pt PtO-like. .Pt02 Pt02 

i 2.5-3.5 nm · 3.0-4.3 nm 4.0-5.0 nm 

. Ir IrOx Ir02 
25-3.5 nm 3.5-4.9 nm 

Table 1 show~ the oxide stoichfometries and the thicknesses for platinum oxides 

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

has a 15 cm diameter cathode, or a PlasmaLab RIE tool which has a 24 cm diameter cathode. 

The PlasmaLab too~ is a parallel plate reactive ion etching system. Noble metal sample~ 

consisting of 100 nm of electron-beam evaporated Pt or Ir deposited on thermally oxidized silicon 
. . 

substrates were placed on the bottom electrode which is driven by a 13.56 MHZ power supply. 

The process gas utilized in the chamber is 0 2 at a chamber pressure of 20 mTorr obtained at a 
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20 seem flow rate, or at a pressure of 500 m Torr obtained at a 50 seem flow rate. The 20 

mTorr process utilized relatively low power of 0.33 W/cm2
, resulting in a self-bias of 

approximately 280-30Q V. On a platinum substrate, the process produced PtO with a ~ickness 
' . . 

range of between· about 2.5 and about 3.5 nm. The PtO thickness is independent of treatment 
' . : . 

time oyer the 1 to 20 min time range examined. This suggests that the PtO quickly reaches a 

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

with energetic oxygen species formed in· the plasma) and PtO etching (via sputtering by energetic. 
. . . 

oxygen ions formed in the plasma). The 500 mTorr ·process utilizes a ·higher power of 0.55 
- . 

W/cm2
, resulting in a self-bias of 220 V. On the platinum substrate, 10 minutes!ofthe process 

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

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

films ·that had thicknesses in the range b~tween about 2.5 and about 4.9 nm and a stoichiometzy · 

ratio close' to 1r0; . 

... A qualitative indi<;ation of the length of treatment titne required to form the steady-

state thi"ckness of noble metal oxide can be obtained from in-situ laser reflectance measurements 

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

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

that leveled off at a 5% . reflectivity loss after about 30 seconds of treatment. Exposing the 

oxidized Pt surface to ·a fluorine-based plasma treatment restored the clean · Pt surface and 

roversed the reflectivity los~. 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 plasma oxidation 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• Jupit~ m plasma asher, the. plasma · 

oxidation of platinum surfaces was conducted by first exposing a bare noble metal s~ace to an 
. . 

. . 

oxygen plasma ~ischarge at an oxygen pressure in the range ~etween 'about lOO·aild about 900 

m Torr, at a RF power of about 100 W (over a IS cmdim.ieter cathode), and for an exposure 

time of about 10 minutes. · 

. . 

. ·While the plasma oxidation method has ·been described in terms of techniques of 

plasma ashing, i.e., a fow temperafure, low-substrate-bias plasma treatment in oxygen, and 

reactive ion etching, i.e., a plasma treatment at moderate to high substrate bias, the present 

invention novel method is not limited to the utiliZation of these exemplary plasma oxidation 

processes. For in~tance, the oxygen feed gas for the plasma ean be substituted by oxygen.;. 

containing gases such as diatomic or polyatomic gases which contain oxygen as an atomic 

constituent, i.e., N20, or gu mixtures containing oxygen· or one or more oxygen-containing gases 

such as an Ar/02 mixture. Additionally, various kinds of oxygen-containing energy sources may 

also .be used which include high density plasmas, microwave plasmas, RF plasmas and ion 

bombardment produced by oxygen-containing 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 plating. 
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The noble metals utilized in the present invention novel method may be pure noble - . 

metals, such as Pt, Pd, Ir, Ag, Au, R;.u. Pd, Os and Rh, or alloys of noble metals with noble . 

metals, alloys of noble metals· with non-~oble metals, alloys of noble metals with non-metals, or 

any layered combinations of these metals. or aUoys. 

Enmplel 

A. first application for the noble metal oxides· funned by the present invention 

novel method is to improve the electronic properties· of high permittivity materialS deposited. on 

noble metal el~es in an electr<)nic device .. ·,The high permittivity oxide materials include ,. . : :. . . 

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

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

(PZT), strontiutfl bismuth tanuilate (SBT}, strontium bismuth niobate (SBN) and bismuth titanate 

and other perovskites. It has been found that exposing inoble metal electrodes to an oxygen · 

. plasma oxygenates ·the noble metal ~rfaces by providi~g a surface oxide layer as described 

above. This p~cess produces improved dielectric properties in the high-permittivity material. · 

deposited on such activated surfaces· and also ·leads to improved mechanical and chemical 

properties. ·For instance, the electrical properties of specific high-epsilon films deposited by a 
- . 

sol-gel process on the oxidized platinum electrodes of Figure 2B. are superior to those deposited 

on the unoxidized electrodes of Figure 2A. 

In Figure 3A, a plasma-o~dized noble metal film 32 is coated with an overlayer 

of a high-permittivity 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 fogical extension of the present 

invention method, improvement- is also expectCd for ~etal oxides such as MgO and Al20 3 which 

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

material~ selected from the group consisting of metal oxide insulators, metal oxide 

semiconductors, metal oxides conductors, metal oxide superc0nductors, perovskites,. metal-

containing silicates,. Si02, high-pennittivity materials that have epsilon above 10, and 

ferroelectrics. By depositing these materials on the noble metal oxides, extra oxygen is provided 

to result in a proper composition; 

... 
To further prove the eff~veness of ttie presertt invention meth~. nominally 

identical 4-layer BST films having 90 nm total thickness were deposited sequentially on an un­

ashed Ptffi/Si02 substrate and an ashCd (in a March tool for' J 0 min) Ptlfi/Si02 substrate. The 

BST was deposited from a 0.2 M solution of barium, strontium, and titanium 2-inethoxyethoxides 

diluted with isopropanol to 0.1 M for spinning 215 A. layers. Each layer was :sequentially hot· 

plate dried under a typical condition of 300"C for 3 min, and the.n aystallized. by rapid thermal 

annealihg in atmospheric pressure oxygen under a typical conditions of 700"C for 1 min. The 
. . . 

BST film on the un-ashed Pt subsµate was characterized by a dielectric constant of 167, and a 

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 obtaine9,. 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 electrodes. Some improvements in leakage current have 

also been observed. 

Example 2 

A second application for the noble metal oxi~es form¢ by the present invention 

novel method is to improve ~dhesion between deposited films and. the noble metals on which 

they are deposited. For example, good adhesion to a noble metal substrate surface might be 
,. . . : . . 

~ 

desired for conductive nitrides such . as TiN, TaN and TaSiN; dielectric . oxides such as silicon 

oxide; dielectric nitrides such as silicon nitride and silicon oxynitride; and carbon-containing 

dielectric$. Adhesion enhancement has been demonstrated. "ror the specific use of a spin-on-glass 
. . 

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

deposited from solution, e.g., photoresists, or films deposited by chemical vapor deposition 

processes, e.g .• Si02 formed by low pressure chemical vapor deposition (LPCVD) from a . . 

tetraethoxysilane (TEOS) precursor. Such a structure 50 is shoWll in Figure 4 wherein a plasma 

oxidized nobie metal film 32 is covered by an overlayer of adhesion-promoting material 36. The 

platinum film 32 \vas prepared by a sequential roo~ ~perature evaporation 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 l'OOA of ·sputter deposited titanium or a platinum oxide layer that was prepared by 
.· 

applying one of two oxygen·RIE treatments.in a.PlasmaLab~ tool, in either a 20 m Torr pressure 

process for 3 minutes (with 20 seem 0 2 flow rate, 0.33 W/cm2 of power density and 300 V self 

bias) or a 500 m Torr pressure process for 10 minutes (with 50 seem 0 2 flow rate, 0.55 W/cm2 
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power density, and 220 V self bias). Test results from a XPS indicate that the PtO layer 

thickness was approximately 2.5~.5 nm for the 20 m Torr process and 3.o-4.3 nm for the 500 

m Tori process. . 

The spin-on-glass layer46 dq>osited was a Hitachi HSG 2209-87 material. The 

conditions for the deposition were 5,000 tpm spinning speed, 0.5 sec ramp, 3 min 9o·c bake, 

12 min 1oo·c ove~ bake, 125 to 45o•c ramp at 5-10 •ctmin in :N2 with a non-ramped cool-

down. 

The ·adhesion of ·an approximately 1 µm thick layer of Hitachi HSG 2209-87 to 
. . 

a 100 nm platinum layer was compared for the cases of Pt with no adhesion layer and Pt With 

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

of Ti, and platinum with the plasma oxidation treattnent at 20 and 500 m Torr. After a standard 

thermal curing process ~y ramping up to 450"C in N2, the HSG on untreated platinum became 

cloudy and wri~kled in patches which expanded over a_period of 2~ days to cover the co~lete 

wafer surface, and was easily removed by Scotch tape. · In COritrast, the HSG on Ti-treated and 

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

the film and attempting to peel 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 

pro~lems with Ptffi diffusion reaction. It is also CXJ?ected that adhesion enhancement can be 

obtained for both oxide and non-oxide materials deposited.by more energetic techniques such as 

plasma-assisted chemical vapor deposition (PACVD) and reactive sputtering. In some cases, the 

'' 
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oxygen treatment of the noble metal substrate surface to fonn the adhesion-enhancing noble metal 

oxide layer may even be carried out concurrently with the initial steps of the deposition process 

if th~ process gases comprise an oxygen-containing species. For ex~mple; the process of 

depositing silicon oxide on a noble metal substrate by P ACVD from a mixture of TEOS and 

oxygen (or by reactive sputtering of a silicon target in an oxygen-containing working gas) is . . 

likely to. result in the un.;..intentional (but beneficial) fonnation 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 on-oxidized platinum films, the oxidized 

films are browner in color and lower in reflectivitY. For instance, the d~p in reflectivity is 

approximately 5% when measured by a 633 nm HeNe las~r at nonnal incidence angle. The 

differences suggest the possibility of using .PtOx on platinum system as an optical storage 

medium. Since heating ~e ~lms up to 4so·sso ·c in. an oxygen-poor' environment would be 

expected to cause PtOx to lose ~xygen and revert to elemental Pt, it is expected that the same . 

reaction can be made to occur in a spatially selective manner by locally heating or exciting 

selected regions of PtOx with an electron or photon .beam. This is shown in illustrations in 

Figures SA and SB. 

Figure SA illustrates a schematic for a direct write process for patterning a noble 
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metal film, while Figure SB illustrates a reflectivity vs. position trace for the dashed line shown 

across the patterned area or' Figure 5A.. An oxide-free feature 60 is written on the PtOx surface 

54 with a directed energy source· 56, for example, a focused laser or electron beams. Spati~lly 

selective catalysis could therefore be achieved· if the same patterning techniques were used to · 

define activated or non-activated regions of an oxidized noble. metal surfa~e. 

It should be noted that, in addition to the above described benefits and adv~tages 
. ;,.-

achievable by the present invention method, the su.rface wetting and uniformity characteristics . . 

are also enha~ced by a piasma ashing or oxidation process. This has been demonstrated for sol-.· 

gel deposited films of high dielectric constant materials such ·as BST and "PLT, and also for 

ferroelectric materials such as bismuth titanate on substrates consisting of platinum electrodes 

separated by field regions of silicon oxides. 

In recent years, the invention of. new microscopies that have near atqmic 

resolution, i.e:.-, ~e scanning tun~eling microscopy (STM), the atomic foree microscopy (AFM) 

and the scanning int~rferometric. apertureless microscopy (SIAM) has ti:iggered a fluny ~f 

activities in finding new methods for storing information with ultra-big~ data density. In this 

regard, the problem of finding a suitable method for achieving high density read-only storage 

schemes'seems more readily solvable and therefore, may provide solutions fQr permanent storage 

of large amount of data such 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, whiie 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 properties 
. - . 

selected surface sites, so that material that creates optical contrast can be selectively deposited 

by means of CVD techniques. Due to the known catalytic properties of metals such as Pt and 

Pd, a method that locally shields such metals can. be used to selectively deposit material on the 

uncovered regions by means of a CVD process. ·For instance. surface oxidation of these .~et8llic 

surfaces in the form of a very thin oxide layer earl prevent the catalytic effect. 

While the present invention has been described in at) illustrative manner~~it should 

· be understood that the· terminology used is intended to be in a nature of words of d~ption 

rather than of limitation. 

Furthermore, while the present invention has been described in terms of sevC?ral c 

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

teachings to oth~r possible variations of the inventions. 

·."· 
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Claims 

1. A method fo! fanning an noble metal oxide film layer on and at least . 

partia11y ·covering a surface of a noble metal substrate comprising the steps of ~posing said 

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

2. A niethod according to claim I further comprising the ·step of feedin~ a 

plasma With at least one oxygen-containing gas. 

3. .A method according to cla~m 1, wherein said oxygen-containing plasma is 

selected from the group consisting of a high-density plasma~ a microwave plasma, a RF plastna 

and an ion bombardment produced by oxygen-containing ion beams or combinations thereof, with 

or without separatedly controllable substrate bias. 

4. A method acoording to claim 1 ~ wherein said method i~ conducted in a 

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

5. A method according to claim I, ·wherein said oxygen plasma discharge is 

generated 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 exposed to an oxygen plasma discharge for an exposure time of at least 1 second. 
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7. A method according to claim· I, wherein. said noble metal substrate 

·comprises at least orie noble metal selected 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 ~nsisting of 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 i. wherein said noble. metal substrate 

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

Ag, Au, Ru, Pd~ Os and Rh. 

10. A nob.ie metal oxide filin layer formed by. exposing the surface or a noble 

metal substrate to an oxygen~ntaining plasma. · 

l l. ~ oxygen-containing film layer according to claim 10, wherein said film 

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

12. · An oxygen-containing film layer according to clai~ I 0, wherein said 

oxygen-containing plasma is 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 thereof1 with or without separatedly controllable substrate bias. 
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13. An oxygen-containing film layer according to claim 10, wherein said 
.. 

oxygen plasma discharge is generated by a radio-frequency power of at )east SOW.· · 

14. An oxygen-containing film -layer according ~ claim 10, whe~n said 

surface of the noble metal substrate is exposed to ·an oxygen plasma diseharge for an exposure 

time of at least l second. 

·ts. An oxygen-containing film layer according to clai~ 10, wherein said noble 

metal substrate comprises at least one noble metal selected from the group consisting of Pt; Ir, 

Ag, Au; Ru, Pd, Os and Rh. 

16. An oxygen'-containing film layer (!lCCOrding to claim 10, wherein said noble 

metal substrate _comprises a·noble metal alloy consistin~ of at ·least one noble metal selected from 

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

17. An oxygen-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, 1,>d, Os and Rh. 
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18. A method for depositing 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 oxygen-containing energy 

source for a sufficient length of time until an interface-enhancing Jayei: is formed, 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-containing energy 

source is a plasma source. 

20. A method according to claim 18, wherein s_aid bxygen-containing energy 

source is a~. oxygen-containing plasma. 

·.21. A method. according to ciaim 18, wherein said oxygen-containing energy 

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

plasma, a microwave plasma, a RF plasma and an ion bombardment produced by oxygen-

containing ion beams or combinations thereof, with or without separatedly controllable substrate 

bias. 

2i 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 oxxgen pressure between about 0.01 m Torr and about 2,000 m Torr. 

23. A method according to claim 18, wherein said noble metal substrate 

comprises 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 clairil 18, wherein said sufficient length of time is 

at least 1 secopd . 

. 25. A method according to claim 18, wherein said noble metal substrate 

comprises a noble metal alloy consisting of at· ieast one noble metal selected from the group 

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

26. A method according to claim 18, wherein said oxygen-containing· material 

is a perovskite-type insulator material. 

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

. . 

is selected from the group consisting of barium strontium titanate (BST), lead lanthanum titanate 

-
(PLT), lead zirconium titanate (PZf), ·barium zir00nium 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 greater than 10 and ferroelectrics. 

29. A method according to claim 18, wherein said interface-enhancing layer 

formed is an oxide of the nol:>,le metal contained in the noble metal substrate~ 

30. A method according to claim 18, wherein said interface-enhancing layer 

fonned ha5 a thickness between about 0.4 nm and about 10 nm. 

3 l. A suucture of an oxygen-containing rnateriaVnoble metal substrate laminate 

comprising:. 

a noble metal substrate having a top surface, 

a noble metal oxide layer in a top surface of said noble metal substrate, and 

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

said noble metal oxide layer sandwiched thereinbetween. 

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

an interface-enhancing layer having a thicknes~ between about 0.4 nm and about I 0 nm, 

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

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

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

titanate. 

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

is a Perovskite-type insulator mate~al. 

35. A structure aecording to claim 3 I, wherein said oxygen-containing material 

is selected from the·group consisting·ofmetal oxide insulators, metal oxide semiconductor& metal 

' oxide conductors, metal oxide superconductors, metal-containing silicates, silicon oxide, high-

pennittivity materials having epsilon of greater than I 0 and ferroelectrics. 

36.. A structure according to claim 31, wherein said noble metal substrate 

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

Os and Rh. 

3 7. A struc~re according to claim 31, wherein said noble metal substrate 

comprises a noble metal alloy consisting of at least one' noble metal select~ from the group 

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

38. A method for forming a semiconductor memory el_ement 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 ~ fonn an interface-enhancing layer, 
. . 

~epositing a high-permittivity dieleetric or ferroelectric. material on top of said 

first electrode with said interface-enhancing layer -~dwiched thereinbetween, and 

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

pennittivity dielectric or. ferroelectric material layer. 

39. A m~thod according to claim 3 8, wherein said pre-process~ semiconductor 

substrate having a conductive contact plug formed therein adapted for electrical communication 

with said first electrode. 

•. ' 
.. 40. A method according to claim 38, 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. 

4J;· A method according to claim 38, wherein said first ~able metal material 

and said second noble metal 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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42 A metl!_od 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 pla.Sma. 

44. A method according to c1aim 38, wherein said oxygen-containin~ _energy 

. source is an oxygen-containing p1asma selected from the group consisting of a high-density 

plasma, a microwave plasma, a . RF plasma and an ion bombardment produced by oxygen­

containing ion beams or combinations thereof, with or without'separatedly contr011able substrate 

bias. 

45. A method according to claim 38, wherein said step of exposing a top 

surface pf said first electrode to an energy source is conducted in a reaction chamber having an 

oxygen pressure be~een 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 I second. 

47. A method according to claim 38, wherein said high -permittivity or 

· ferroelectric material is a perovskite-type insulator material. 
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48. A method ~ccording· to claim 38, wherein said high-permittivity or 

ferroelectric material. is a high dielectric. constant material selected from the group consisting of 

barium ·strontium titanate (BST), lead lanthanum titanate (PL T), lead zirconium titanate (PZT), 

barium zirconium titanate (BZT), strontium bismuth_ tantalate (SBT). strontium bismu~. niobate 

(SBN} and bismuth titanate. 

· 49. , A method ··according 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-permittivit)r materials having epsilon of greater than 10 

and ferroelectrics. 

50. A method according to claim 38, wherein said interfacing-enhancing layer 

formed is an oxid~ of said first noble metal material. 

51. A method according to cl_aim 38, wherein said interfacing-enhancing layer 

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

52. A method according to claim ·38, wherein at least o~e 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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53. A semiconductor memory element comprising: 

a pre':"processed semiconductor substrate, 

a first electrode of a first noble metal material on said substrate, · 

a layer of an interfacing-enhancing material in a tQp surface of said first electrode, 

a layer of high-permittivity_ dielectric· or ferroelectric material on tap of said first 

electrode with said adhesion-promoting layer sandwiched thereinbetween, and 

a second electrode of a second nobJe metal material on top of said high-

permittivity dielectric or ferroelectric material Jayer. 

54. A semiconductor memory element aecording to claim 53, wherein said pre-

processed semiconductor substrate having a silicon contact plug formed therein adapted for 

electrical communication with said first electrode. , 

~5. A semiconductor memory element according to claim 53, 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. 

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 

crinsisting 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 elei:nent according to claim..53, wherein .said first 

noble metal material ·is the same as the s~cond. noble metal inaterial. 

58. A semiconductor memory element according to claim 53, wherein said 

adhesion-promoting. 1ayer is an oxide of sa~d first noble metal material. 

59. A semicond:~ctor memory· element according to claim 53, wherein said 

high-pennittivity materi.al is a perovskite-iype insulator· material. 

60. A semiconductor memory element according to claim 53, wherein said 

high-pennittivity material is a high dielectric constant material selected from the group consisting 

of
1
barium strontium titanate (BST),"lead lanthanum ·titanate {PLT), lead zirconium titanate (PZT) 

and bismuth titanate. -

· 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 semiconductor 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 o'xide layer fonned in a top surface of said platinum substrate. 

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

oxide layer is patterned by exposing a 'top surface of said substrate to a directed energy source. 

65. A method for d_epositing a material on a noble metal substrate comprising 

the steps of: 

providing a noble metal ~b.strate, 

exposing a top surface of the noble metal substrate to an e~ergy source for a 

sufficient length of time ~ntil an adhesion-promoting layer is formed, and 

depositing a material on top of said noble metal substrate with the adhesion­

promoting 'layer sandwiched thereinbetween. 

66. A method according to claim 65, wherein said energy source is an oxygen-

I -

containing plasma selected from the group consisting of a high-density plasma, a microwave 

plasma, a RF plasma. afi. 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 according to claim 65, wherein said material deposited is a spin-

on-glass material or photoresist. 

68. A method according to claim 65, wherein said material deposited is.selected . · 

from the group consi_sting of conductive ninides of TiN, TaN and _TaSiN, dielectric oxides of 

silicon, oxide, dielectric nitrides . of silicon .nitride, siHcon oxynitride, · and carbon-containing 

dielectrics. 

69. A structure of a materi~l/noble metal substrate laminate comprising: 

a noble metal substrate having_a top surface, 

·a noble meial oxide layer formed in a top surface of the noble metal substrate, and 

a material deposited on top of the noble metal substrate with the noble metal oxide 

layer sandwich~ 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 sai9 · material in the 
. . 

material/noble metal substrate laminate is a spin-0n-glass 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 gro'l,lp consisting of conductive nitrides of TiN, 

T8.N and TaSiN, dielectric oxides of silicon oxide, dielectric nitrides of silicon nitride and silicon 

oxynitride and carbo!l-containing dielectrics. 

·. 
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· METHOD FOR FORMING NOBLE METAL OXIDES 
AND STRUCTURES FORMED THEREOF 

The present invention discloses a method for forming a noble metal oxide film layer (32) 
· on a noble metal substrate (3.4) ·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 novel method for depositing a high-permittivity material 
(38) on a 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) sandwfohing the oxygen-containing layer (36). 

Fig. 3B 
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