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FORM NG STRUCTURE Field of the Invention The invention relates generally to
sem conductor devices and, nore particularly, to an inlaid interconnect
feature with inproved adhesi on between conductor and dielectric materials.
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dielectric materials as part of the integrated circuits. The inlaid metal vias and

15 interconnects provide the means for transfer of electrical signals and power
between transistors, internal Circuits, circuits external to the die, and other
aspects.

Semiconductor devices usually include a semiconductor device
substrate, field isolation regions, and doped regions formed within the

20 semiconductor device substrate. A gate dielectric layer overlies portions of the
semiconductor device substrate, and a gate electrode overlies the gate
dielectric layer. Spacers are formed adjacent the sidewalls of the gate
electrode. A first interlevel dielectric layer (IDL) is patterned to form a contact
opening that is filled with a contact fill material, and optionally a barrier layer.

25 The barrier layer is typically a refractory metal, a refractory metal nitride, or a
combination of refractory metals or their nitrides. The contact fill material
typically includes tungsten, polysilicon, or the like. After depositing the barrier
layer and the contact fill material, the substrate is polished to remove portions
of the barrier layer and contact fill material not contained within the contact

30 opening to form the conductive plug.

A first level interconnect is then formed overlying the interlevel dielectric

(ILD) layer and the conductive plug. The first level interconnect can be formed
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refractory metals or their nitrides. The copper fill material is typically copper or

a copper alloy, where the copper content is at least 95 atomic percent. The
copper can be alloyed with magnesium, sulfur, carbon, or the like to improve
adhesion, electromigration or other properties of the interconnect.

20 Interconnects can alternatively be formed in other manners, for example, as a
conductive plug in combination with a dual inlaid interconnect or as a
lithographically patterned and etched interconnect.

Adhesion between various interconnect layers in a semiconductor
device is an important characteristic. If adhesion between layers is inadequate

25 in the device, problems are presented, such as delamination, separation of
layers, inter-diffusion of layers, and other physical faults that can lead to
decreased performance, electrical shorts, opens, and structural integrity
concerns. Adequate adhesion between layers is, therefore, an objective in the
semiconductor manufacture process.

30 Conventionally, various materials have been used as barrier layers in
semiconductor devices. For example, barrier layers are typically formed atop

surfaces of a dielectric layer prior to formation of a next conductive layer.
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del atd nan icoder to prowde a barrier for the next metal layer on the ILD layer and within
the trench and trench via (i.e., the "inlaid structure”) formed in the ILD layer, the
barrier material, which can also serve to increase adhesion, is typically formed
on the dielectric surface. A conventional example of the barrier layer is Ta or
its nitride deposited on the surface of the ILD layer prior to the deposition of
20 copper as the metal interconnect layer.
As is conventional, an inlaid interconnect structure is formed within the
trench and via of the interlevel dielectric layer after the barrier layer is
deposited. !t is desirable that the barrier layer serve to prevent delamination
and inter-diffusion of the metal layer. As mentioned, however, the conventional
25 barrier layer materials have proven problematic, particularly when tantalum is
interconnected with copper through trench and via structures in the interlevel
dielectric layer, such as FTEOS. It has been experienced that the tantalum
metal in such instances tends to delaminate from the ILD layer because of
adhesion problems and that the metal material can inter-diffuse into the ILD
30 layer and migrate causing electro-migration concemns.
The conventional process for the formation of the barrier layer in duat or

single inlaid copper interconnects is to form a continuous Ta or TaN film, i.e. a
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The resulting wafer from the process has a Ta or tantalum nitride surface
portion, formed atop the dielectric material. This tantalum nitride or Ta surface
atop the dielectric serves as a barrier layer for a next metal layer of copper
deposited over the dielectric layer.
20 The tantalum barrier adhesion to the dielectric material exhibits the
problems previously described. An improvement in adhesion of the barrier
layer metal, such as Ta, to a dielectric layer, such as silicon dioxide, TEQOS, or
FTEOS, would be a significant advantage and improvement in the art and
science.
25 Brief Description of the Drawings

The present invention is illustrated by way of example and not limitation
in the accompanying figures in which like references indicate similar elements,
and in which:

FIG. 1 includes a prior art degassing apparatus;

30 FIG. 2 includes an illustration of a prior art radio frequency pre-cleaning

device;
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semiconductor substrate devices formed with an adhesion/interlayer region and
without such a region; and
15 FIG. 8 includes an exemplary graph of secondary ion mass spectrum
(SIMS) data for semiconductor devices formed with an adhesion/interlayer
region.
Skilled artisans appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For
20 example, the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help to improve understanding of

embodiments of the present invention.

Detailed Description
25 Adhesion of the barrier layer to the underlying dielectric in a
semiconductor substrate device is improved by employing a treating gas in a
glow discharge process of the dielectric. Such treating and process provides
increased strength to the next interconnect layer without altering the function of
the barrier layer to limit Cu diffusion into the dielectric and electromigration. in

30 certain embodiments, an adhesion region is formed in a dielectric layer, and a

barrier layer is formed atop the adhesion region in the inlaid structure of a
semiconductor wafer. The inlaid trench structure is connected to upper or
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15 exemplary purposes and in order to illustrate embodiments of the invention,
includes a metal layer, such as copper, aluminum, or other metal. Atop the
metal layer is an interlevel dielectric (ILD) layer, such as SiOz or fluorine-doped
SiO. or some other dielectric material. The SiO; ILD can be formed, for
example, using CVD or PECVD processes that use tetraethyloxysilane (TEOS).
20 The ILD layer is formed with a via and trench interconnect structure through the
ILD layer to the contact metal layer. The semiconductor device substrate 104
is manufactured in conventional manner and is a conventional structure, as just
described.
The degassing device 100 includes a vacuum enclosure 102. Within the
25 vacuum enclosure 102 is located a heat source 108, for example, a halogen
lamp, heated chuck, or other heat source. The heat source 108 is connected to
a power supply (not shown).
Within the degassing device 102, the semiconductor substrate device
104 is heated for degassing. The degassing removes moisture and other
30 contaminates from the semiconductor substrate device 104. The degassing of

the semiconductor substrate device 104 is conventional in preparation of the
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15 step, a gas supply 210 feeds gas, such as argon, to within the vacuum
enclosure 202. The coils 205 are powered by the power supply 206, and the
heating plate 207 is powered by the power supply 208. Radio frequency
plasma generated within the vacuum enclosure 202 serves 1o clean the
semiconductor substrate device 204 at an upper surface of the device 204.
20 It is notable that, in the preclean apparatus 200, the gas supply 210
includes supplies of, for example, a nitrogen gas 212 and an argon gas 213.
Treating gases, such as nitrogen, are not typically employed at the preclean
process stage. However, such gases are critical to embodiments of the
present invention. As will later be more fully detailed herein, an adhesion
25 region at a surface of the semiconductor substrate device is formed prior to the
metal deposition process, for example, at the preclean stage in the preclean
apparatus 200, serves for better adhesion with no decrease in barrier layer
protection in the semiconductor substrate device.
Referring to FIG. 3, a metal deposition process is performed by a metal
30 deposition chamber 300. The chamber 300 includes a vacuum enclosure 302.

Within the vacuum enclosure 302, a semiconductor substrate device 304 is
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15 interconnect, also referred to as conductive layer, of the semiconductor

substrate device 304 is copper.
Prior to sputtering metal onto the semiconductor substrate device 304,

an adhesion region is formed atop a dielectric layer of the semiconductor
substrate device 304. The adhesion region of the semiconductor substrate

20 device 304 is formed by turning off or otherwise de-energizing the power
source 314 to the metal target 312 (i.e., the refractory metal target), while
maintaining the power on or otherwise energizing the rf power source 310, the
radio frequency bias power source 306, or both. Simultaneously, a treating gas
or treating gas/noble gas mixture such as, for example, plasma of nitrogen or

25 an argon-nitrogen mix, is fed to the vacuum enclosure 302 from the argon gas
supply 318 and the nitrogen gas supply 320 through the gas manifold 316. The
nitrogen, or argon and nitrogen mix, as the case may be, is fed in quantities of
approximately about 65sccm, at temperatures of approximately about 100C,
and pressures of approximately about 40mT, or in such other quantities,

30 temperatures and pressures as are appropriate to obtain similar results. A
plasma of the nitrogen, or argon-nitrogen mix, forms within the vacuum

enclosure 302 and is maintained in the vicinity of the semiconductor substrate



_serves as an energized nefractory netal target for )sputtering t antZallugUbr 2004
other 10 refractory metal. The nmetal deposition chamber 300 is connected
with a gas manifold 316. The gas manifold 316 is connected with supplies
of gases, such as an argon gas supply 318 and a nitrogen gas supply 320.
Nitrogen gas is particularly effective in enbodinents of the present

i nvention in which a netal 15 interconnect, also referred to as conductive
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15 adhesionfinterlayer region formation and the barrier layer deposition process,

are hereafter described in more detail.

Referring to FIG. 4, in conjunction with FIG. 1, an inlaid structure 400 of
the semiconductor substrate device 104 of FIG. 1 is formed through an
interlevel dielectric layer (ILD) 404. The semiconductor substrate device 104

20 includes a conductive layer 402, such as a copper metal layer, although
aluminum or other metal is possible, that is topped with the ILD layer 404. The
interconnect structure 400 is, for example, of the type formed in the
semiconductor substrate device 104 of FIG. 1, although the device 104 and the
structure 400 are each intended only to be exemplary for purposes of

25 illustration.
The ILD layer 404 includes a trench 408, formed by etching of the ILD

layer 404 or other conventional technigues. Within the trench 408, a via
opening 406 is formed through the ILD layer 404 to the conductive layer 402.
The via opening 406, like the trench 408, is formed in conventional manner,
30 such as through successive process steps like resist spin, photolithography,
etching, polishing, or other conventional steps, as those skilled in the art will

know and appreciate.
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~dielectric layer. This thin adhesion/interlayer region of treated ILD
serves as an adhesion interface, and provides inproved results for adhesion
function at the surface of the dielectric layer. After the
adhesion/interlayer region is formedijjpn such manner, a barrier |ayer of
refractory netal, such as, for exanple, tantalum 10 titanium or tungsten,
i s sputtered Referingte RIG: Bairecarfjundionskith Eigsddanst 2, aftasdadaseingsfi ce 304.
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15 apparatus 200, in the metal deposition chamber 300, or in some other vacuum
enclosure (not shown in detail) in other physical locations.

In any event, the adhesion/interlayer region 410 is formed by flowing a
treating gas, such as nitrogen, either alone or in combination with other
gas(es), such as argon or other gas, concurrently with at least one electrode

20 energized, but not the Ta (i.e., metal target) electrode, to initiate and sustain a
plasma. For example, combinations of power sources (other than the target
electrode) are possible in the flowing of the treating gas, such as the rf power
source 206 or 310 in combination with the plate power source 208 or the bias
power source 3086, respectively, depending whether the device 304 is located in

25 the preclean device 200, the sputtering chamber 300, or elsewhere. This
formation of the adhesion/interlayer region 410 creates a physical matrix of
dielectric incorporated with treating gas atoms into a depth of the surface 404a
of the dielectric material of the dielectric layer 404.

While the treating gas atom combination is silicon dioxide:nitrogen, a

30 thickness of the adhesion/intertayer region or interphase 410 is on the order of
approximately about 100A. The depth of the treating gas combination into the
dielectric layer should be at least on the order of approximately about 10A, or



_Referring to FIG 5, injconjunction with Figs. | and 2, after degassing (ﬁIi
t he sem conduct or substrate device 104 having the interconnect @t‘ﬁué&]hr%ﬂ
400 via the device 100 of FIG | and also after radio frequency

precl eaning via the cleaning device 200 of FIG 2, an adhesion/interl ayer
region 410 is formed on a 5 surface 4Q4a of the ILD | ayer 404. The

i nterconnect structure 400 of FIG 4, _after formation of the
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appl ore rrier Tayer deposition, for exanple,
while t hﬁdiosfferqu@ﬂaﬂ ?gwér sBulet aral thedsizs sourtd4 and byastheeddjustroémtstadi o
ec

frequency pr ean 15 apparatus 200, in the petal deposition chanmber 300,
or in soowest suNPesitenmmicaREraLie SrYIRTe: iM¥-detail) in other physical
ocatl ons. |y @i SHie Mat thO SdRLEBRIMRNLTEEEGRIPA 10 RifoPheBAMiINiA ther med by

flowng a treati' ng gas, such as nitrogén, €ither alone or in conbination

wi th ot bigflectdasdyrs M04physicas saugtare as aotihter-difiussiors ohther dieteckic wi t h at | east
o0, et Ak o st s A gt 20
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the treating gas, such a power source 206 or 310 in comnbination
Wit h t heypitallyen pepanatesand distipoBmateriah dayisir depopita ptasolivecs
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or der ofjelectric/reactive gas combination formed in the surface of the dielectric in
accordance with the present embodiments.
Referring to FIG. 6, after forming the adhesion/interiayer region 410
20 according to the embodiments herein, a barrier layer 412, such as a refractory
metal, is deposited atop the adhesion/interlayer region 410. An interconnect
structure 600 is the interconnect structure 500 of FIG. 5, after deposition of the
barrier layer 412. The barrier layer 412 lines the trench 408 and the via
opening 406 portions of the interconnect structure 600, as well as isolation
25 portions of the structure 600.
Referring to FIG. 7, delamination strengths of semiconductor device
substrates manufactured according to the embodiments described herein of
forming the adhesion/interlayer region prior to barrier layer deposition are
compared with the strengths of conventional devices which do not include any
30 adhesionfinterlayer region. As shown, in the exemplary results of the
comparison, delamination strengths are increased by forming the

adhesion/interlayer region prior to barrier layer deposition.



approxi mately about 100A. The depth of the treating gas conbination into
“the dielectric layer should be at |east on the order of approxiZnit gy 2004
about 1 OA, or JUL 2004 '2 11 other depth to attain an adhesion force
sufficient to withstand del am nation of |ayers at about 8 J/m of force or
greater. A thickness (i.e., depth intl@ the dielectric |ayer 404) of the
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15 by turniﬁg off the treating gas. This is, in effect, a burst scenario in which the

short and immediate flowing of the treating gas serves to form the
adhesion/interlayer region as a combination of the dielectric/treating gas
element as previously described.

In other alternatives, the adhesion/interlayer region 410 is formed prior

20 to the metal deposition, in a chamber other than the metal deposition chamber.
The chamber for the adhesion/interlayer region formation can be the radio
frequency pfecleaning device or some other completely separate device. In
any event, the adhesion/interlayer region formation is accomplished in the

" absence of a metal sputtering target that is energized.

25 In other alternatives, the dielectric of the dielectric layer can be any of a
wide variety of materials. The gases employed to form the adhesion/interlayer
region must be varied, according to the make-up of the dielectric material. For
example, the dielectric could be a modified silicon dioxide, such as silicon
dioxide which is deposited a manner to create physical voids in the material, a

30 chemically modified silicon dioxide {e.g., CVD films), various organic polymers,
and other combinations and compositions. In such instances, nitrogen or other

treating gases can be employed with additional or alternative gases to argon
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be construed as a critical, required, or essential feature or element of any or all
15 the claims. As used herein, the terms "comprises, "comprising,” or any other
variation thereof, are intended to cover a non-exclusive inclusion, such that a
process, methaod, article, or apparatus that comprises a list of elements does
not include only those elements but may include other elements not expressly

listed or inherent to such process, method, article, or apparatus.

20
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_The ‘chanber for the adhesion/interlayer region formati@ﬂ“@ﬁnmgg t&f,radio
frequency precl eani ng device or sone other conpletely separate dewv cle JULn2004
any event, the adhesion/interlayer region formation is acconplished in the
absence of a netal sputtering target that is energized. 25 In other
alternatives, the dielectric of the diglectric |ayer can be any of a wde
variety of materials. The gases enployed to formthe adhesion/interl ayer
regi on nust be varied, according gghﬁﬁéﬁnake-up of the dielectric material.
For exanple, the dielectric could be a nodified silicon dioxide, such as
silicon dioxide which is deposited a manner to create physical voids in the
materialy  aa FRtHREG: tehlivig Baskrfibem s Iilagstrditure irea(sengcondddor i | ms)
various organic polyners, and other conbinatiogns and conpositions. In such

i nst ances, wafepgherein the inlaid struckineds tyayel adinlesticiRyPhinea CRPPE
addi tjonal or alternat.i 0 argon 21 JUL 2004 13 and ot her noble
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gases;, such yl ene, ammoni a or other gases that are

sui tabl e as apgRingaRe Mtegritédairclit) t he foregoi ng specification, the
invention has been described with reference to sge({[%éic eE‘oodi ments.
However, one 8PPWing amFiclean usingd nplde gas odhe itearated EECYhat vari ous

modi ficati onsﬁ@gﬂ,ﬁcﬂgr&%cgﬁﬂ\f%ﬁ ﬂ,gfgq. iwatm{iﬁggﬁ%mm dobihsifgascope of

the present i on "as se In the'cla ow. Accordingly, the
speci fication andefectivelpenargizéd tardalueytardet] aiwafen bias sawce aand/an rfat her
than a restrictive sense, and all such nodifications are intended to be
i nclWed within PRWEEEBPWECoT t he present invention, 10 Benefits, other

advant ages, aﬂ,lgk?@g,l %ﬁ%@@?‘w’r@ﬁ? gbﬁﬁgﬁﬁg JHRVGH AR elefRsis sBRGicbdPYm Wi th

regard to spec weVer, the benefits, advantages,

sol utions to prohltmgenanarbeny astidydregen intthe sruftesingsehammger Wailksf | ¢ |

advant age, or solutioon to occur. or .beco s r to be

construed as a c%hq f power sgUife @cﬁc“b’?{:eed;&%%r%%;? ﬁ{r}'gﬁg?%enﬁgﬂrg%q of any
or all 15 the cl gahf%he AtaeaAdtdrgetise-thergizidrandconpri ses, "conprising, "
or any other variation thereof, are intended to cover a non-excl usive

i nclisi on, suflewingaargan into the sputtering chamber while the rf power source is

activated and the tantalum target is energized.
2. The method of claim 1, wherein the treating gas is nitrogen.
20 3. The method of claim 1, wherein the treating gas contains carbon.

4. A method for forming a tantalum barrier in an inlaid structure in a
semiconductor wafer, wherein the inlaid structure is through a dielectric
layer to a conductive layer, comprising the steps of:

25 ~ prior to applying tantalum to the inlaid structure, treating the inlaid
structure with a plasma gas containing an element selected from
nitrogen, carbon, and hydrogen while the semiconductor wafer is
biased by an energized wafer bias source; and

depositing tantalum in the inlaid structure.



REPLACEMENT PAGE
_process, nethod, article, or apparatus that conpri ses 220 MBY 2902¢l enent s
does not include only those elenents but may include other elenenrf1ndUL 2
expressly listed or inherent to such process, nethod, article, or
apparatus. 20 REPLACEMENT PAGE 20 MAY 2002 21 JUL 2004 14 CLAIMS 1. A

met hod for formng a barrier in an iphai d structure in a sem conductor
wafer, wherein the inlaid structure is through a dielectric |layer to a
copper 5 layer, conprising the steps of: baking the integrated circuit;

appl ying. an_rf cl ean i, n npbl t. i [ i euk - placing
the semiton J@'@Fﬁiﬁyf ‘gffd"f"ﬁ‘ 2 ‘gﬁﬁﬁeﬁ%gﬁa '§ﬁhn@8w§§§8?’.}’§$}]§4%&“§i‘?@ct ively
ener gi zed t gpgahbhib SAlotud WEILRcoPtaAs BfslEReneridletied fromlfitrogesy sour ce;
flowng a treating gas contai ning one or nore elenments selected from

ni t rogen, caabon, anddhydydgeyen into the sputtering chanber while the rf
power_source is activated, the wafer bias source is energized, and the
tantaﬁun1target is de-energized; and 15 flowing argon into the sputtering
chanber gwhi heyet fgtHdd GFOMEIM SOMRERIN the Slebi of dlcpdsiting taitalumialbdes t arget i s
energi zed. The nmethod of claim1, wherein the treating gas is nitrogen. 20
3. The net he¢positibpditide sothat iberbarrer layeats tagtalud ni6ieai ns carbon. 4. A
nmethod for formng a tantalumbarrier in an inlaid structure in a

sem conductor wafer, wherein the inlaid structure is through a dielectric
| ayer tq@.a qheduetiodeoflakiat 6, wieemein tHeglabhma gdsisnitedger®5 prior to appl yi ng
tantalumto the inlaid structure, treating the inlaid structure with a

pl astfh gas containing an el enent selected from

8. The method of claim 4, wherein the plasma gas is acetylene.

9. The method of claim 4, wherein the plasma gas is ammonia.
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. nitrogen, carbon, and hydrogen while the sem conducgtor #&fBY 3002 bz ed b)é
an energi zed waf er bias source; and depositing tantalumin the inl iaﬁJUL ]
structure. REPLACEMENT PAGE 20 MAY 2002 | JUL 14A 10 The met hod of claim
4, wherein there is an interface between the tantalum and the inlaid
structure which contains the el enent pelected fromnitrogen, carbon, and
hydr ogen. The nethod of claim5, wherein the step of depositing tantal um

i ncludes depositing nitride so that the barrier layer is tantalumnitride.
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2004 15 10. A nmethod for formng a tantalumbarrier in an inlaid structure
in a senicdaudoarconguetive ldyer.ciamprising thesstepsofucture is through a

dielectric |ayer f.o conductive, | . CONMPr} S| eps of: 5
i nserting the ’é‘?ﬁ'ﬁ%ﬁl&?%‘?“'%&%&‘%r%gé%'ﬂ&%g}?{q@%ﬁgéhg b%?’; applying an rf
clean, using adpphlify 8AT cleln] lidng Bl mille ghs UetthednlaRhstruginiepantio r enovi ng

the sem conductor watfer fromthe rf clean chanber, treating the inlaid
structure w t h pgior teegmayng ke semicanswctargyafer fHem thedf elgapgihamfiarr ogen, or

that 15 ener gt zed el e pF gt W £ robfind bES R B, U1 2% S Form
the tantal um inonized carbon, nitrogen, or hydrogen while the semiconductor
10 wafer is biased by a wafer bias source that is energized; and
depositing tantalum in the in-laid structure to form the tantalum
barrier.
11. The method of claim 10, wherein there is an interface between the
tantulum and the inlaid structure that contains the element selected from

15 nitrogen, carbon, and hydrogen.
12. The method of claim 10, wherein the treating gas is ionized nitrogen.
13. The method of claim 10, wherein the noble gas is argon.

20
14. The method of claim 10, wherein the treating gas is ionized carbon.
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.barrier. 11. The methodjof claim 10, wherein therejis %Pan"ﬁtng?a@eibgg %}Uq

the tantulumand the inlaid structure that contains the el enent sel ecte
from 15 nitrogen, carbon, and hydrogen. 20 12. The nethod of claim 10,
wherein the treating gas is ionized nitrogen. 13. The nethod of claim 10,
wherein the noble gas is argon. 14. &g nethod of claim 10, wherein the
treating gas is ionized carbon. REPLACEMENT 20 MAY 2002 15A 15. A net hod
for formng a refractory nmetal barrier in an inlaid structure in a

aver (ol domegeed (e TRy & BRI MietiAtet i el Biedn 8.0 O e
refractory aghftodducidiqyafBl WitkrSi WeUHRRI spsilie Bahmudhr #didledrigas sel ect ed
fromionized carbon, nitrogen, or hydrogen to the inlaid structure while

t he seni condayerde avernauctive lbiyes e@nprising thef elepsioks source that is

energi zed; and depositing the refr r g L nlai ture. 10
16. The net hod D(SPPE‘? QPW%@FP‘%SE%?@%{ ﬁlg},?lgggﬁé hdéﬁgags?ﬁcgd}llebﬁﬁgzg{ggi&t rogen,
the dielectric imgatihyigasRerttstefronidnized darbgemitrogém arigirsgén toon di oxi de

is forned in the inlaid structur_er&ﬁrior to depositing the rg)fyractory nmet al
barrier. 15 17. theintaidistuckre whileithe semipridugion wafes s bigsad &idle i s  f or ned

from TECS. 18. The t.ho | e~vherein the silicon oxide is
fl uori ne-doped. Wf€|gp|a%rd?88(§%ﬁh§%f§o ecrgl\glggﬁ %g@ wherein the in-laid

structure has epexitagaRe réfiidtagyametal indrerialald stractswe.f ace i ncorporates an

el ement of the treating gas.
10

16. The method of claim 15, wherein the treating gas is ionized nitrogen, the
dielectric is silicon oxide, and a nitrogen-containing silicon dioxide is
formed in the inlaid structure prior to depositing the refractory metal
barrier.

15
17. The method of claim 16, wherein the silicon oxide is formed from TEQOS.

18. The method of claim 17, wherein the silicon oxide is fluorine-doped.

20 19. The method of claim 15, wherein the in-laid structure has an exposed

surface and wherein the surface incorporates an element of the treating

gas.

20. The method of claim 19, wherein the treating gas is formed by exciting a
25 gas which contains an element selected from nitrogen, carbon, and

hydrogen.

21. The method of claim 15, further comprising:
prior to applying the treating gas, placing the semiconductor in a
30 sputtering chamber; and
applying the treating gas in the sputtering chamber.
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., 20. The nethod of claimj1l9, wherein the treating gas pe vxerpwd b fxm{d 2@5’4
a 25 gas which contains an el enent selected fromnitrogen, carb
hydrogen. 21. The nethod of claim 15, further conprising: prior to applying
the treating gas, placing the sem conductor in a 30 sputtering chanber;
and applying the treating gas in thejgsguttering chanber. JUL 2004
REPLACEMENT PAGE 20 M A Y 2002 21 JUL 2004 15B 22. The nethod of claim 21,
wherein the sputtering chanber has a selectively energized refractory

netal t et t hat e: eneflgi i jed. 23.
The met gh Pﬂafg ia'lru‘:ﬁﬁ eé%'\ﬁgb?gi’i‘igg”ﬁ §ﬁ% gg%eén(:i;:i %%ﬁ%b’ct or waf er
in a treat nEHérgi‘ie%mW hﬁetbh@r%e&ttﬁ@t igldeagreryized WH‘m:‘e theetpgating gas i s
performed; placing the sem conductor wafer in an if clean chanber; and 10

pl aci ng t hegaeis appledct or wafer in a sputtering chanber where the step of
deporsrggti ng the refractory netal is perforned. 24. The nethod of claim 15,
further conprising: inserting the sem conductor wafer into an if clean

chanber ;231 5TREPh&thBE oRBlairh 18, f@therudngisingiobl e gas, to the inlaid
structure; and prior to I enovi ng the sem conductor wafer fromthe if clean

chamber, treaplaning the semigonduetpuweinrdn @ reatmantchagmbesyvhese the
step of applying the treating gas is performed,

placing the semiconductor wafer in an rf clean chamber; and
10 placing the semiconductor wafer in a sputtering chamber where the

step of depositing the refractory metal is performed.

24, The method of claim 15, further comprising:
inserting the semiconductor wafer into an rf clean chamber;
15 applying an rf clean, using a noble gas, to the inlaid structure; and
prior to removing the semiconductor wafer from the rf clean chamber,

treating the inlaid structure with the treating gas.



