REACTI VE FLUI D SYSTEMS FOR REMOVI NG DEPOSI TI ON

MATERI ALS AND METHODS FOR USI NG SAME (1) Field of the
wonventi7osm [ 0001] The present invention gener abPCy/US2005/016779

relates to nethods for processing materials. Mre

particularly, the present invention relates to

reactive fluids and uses thereof for renovin
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materials. The instant invention finds application in

such commerci al processes as sem conductor chip
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Sem conductor chips are conposite structures typically
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(2) Background

[0002] The semiconductor industry faces challenges to produce devices
with increasingly smaller features and ever higher component density in order to
enhance operating speeds and/or efficiency of the semiconductor chip.
Semiconductor chips are composite structures typically comprising copper,
tungsten, aluminum, and other metals, as well as silicon and various dielectric
materials. Integrated circuits built on semiconductor surfaces are conventionally
mult-layered patterned devices comprising silicon and other thinly layered and
patterned materials or films. As more and more layers are deposited or built up
on a semiconductor or wafer, flatness or non-planarity can become a problem. If
not corrected, a faulty device can result. For example, preparation of the closely-
spaced, finely-featured interconnect lines on a wafer requires the underlying

dielectric material to be level. Fluids and methods that remove deposition



dielectric material to be level. Fluids and nethods
that renove depositionmaterials in a selective and/or
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features, called “dishing”, is well known in the art, a direct consequence of
abrasive fluids used in conjunction with associated pressures imposed by
mechanical polishing and pads used in CMP processing. Other dimensional
changes to surface features, pattern structures, and vias are also routine.
Accordingly, there remains a need for processing alternatives that do not require
use of abrasives or mechanical polishing to remove deposition materials

whereby dishing, rounding, and other critical dimension changes can be

eliminated.



materials. Mire particularly, the present invention

relates to reactive fluids for renoving deposition
woretosnia@ss, including, but not limted to, ovePGUUSENS/016779
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[0005] The reactive fluid of the present invention generally comprises: 1) a
densified fluid wherein the fluid is a gas at standard temperature and pressure
and wherein the density of the fluid is above the critical density of the fluid, 2) at
least one reagent reactive toward at least one deposition material, including, but
not limited to, overburden materials, metals, non-metals, layered materials,
organics, polymers, and semiconductor materials whereby upon intermixing of
the densified fiuid and the at least one reactiVe reagent a reactive fluid is formed
that selectively and controliably removes at least a portion of the deposition
material. For example, a copper overburden material can be removed from a
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semiconductor or wafer by contacting the material with the reactive fluid.



providing a densified fluid that is a gas at standard
tenperature and pressure wherein the density of the
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Alternatively, reactive fluids of the present invention in combination with

mechanical assists may be used to remove deposition materials. Choices for
rinsing fluids include, but are not limited to, pure densified fluids, modified
densified fluids, cleaning fluids, polar fluids and solvents, and combinations
thereof. Choices for mechanical assists include, but are not limited to, pads such
as polishing pads.

[0007] Reactions effecting removal of deposition materials in the reactive
fluids include, but ére not limited to, oxidation, reduction, exchange, association,
dissociation, complexation, and combinations thereof. The reactive fluids remove
deposition materials at rates preferably up to about 1000 nm/min. The wide

range of rate choices means rates may be selected that best target a given

deposition material of interest or a desired reaction condition. For example,



range of rate choices nmeans rates may be sel ected that

best target a given deposition material of interest or
w@2@esi7ed reacti on condition. For exanpl e, r at BGI/D8200H€16779

sel ected for renoving a specific deposition materi al

at about 100 nmmin or another material at 500 nm m n.
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having a fluid density (p) above the critical density
¢derof the bulk fluid (i.e., p > pc) . [0012] The
term"reactive" in reference to the reactive fluid of
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GLOSSARY OF TERMS

[0011] The term “densified” as used herein comprises the group of
compressed or liquefied gases and supercritical fluids having a fluid density (p)
above the critical density (p¢) of the bulk fluid (i.e., p > pc).

[0012] The term “reactive” in reference to the reactive fluid of the present
invention defines chemicall reagents and/or other constituents that react with
and/or chemically modify deposition materials such that they are rapidly,
selectively, and/or controllably removed.

[0013] The term “modifiers” defines any chemical reagent, constituent, or
other additive introduced to the reactive fluids of the present invention to
enhance solubility, cleaning, performance, speed, and/or efficiency of reactive

reagents contained therein for removing or shaping of deposition materials.



enhance solubility, cleaning, performnce, speed,
and/ or efficiency of reactive reagents contained
wa bh@sei1784 or renovi ng or shapi ng of depositi onPCT/US2005/016779
mat eri al s.[0014] The term "renoving"” in reference to
the reactive fluids and processes of the present

' tion f to ndi. f i ' ot ps.QcC i .
XLy °adiEe i olRTE 0 ool Ul RO TERLAR fids and
shaped, cpntoured, conforned, |eveled | anari.zed :
PferassRE0T e guserRto MveRtionistrs: y 2ny| MoRbEataR P Processing
repai red. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] A
whereby: odppesitionppnaterialsi areofremayefnvemvedn @hapede contoured,
readily obtained by reference to the foll ow ng

cdafarmiaat ileveledl, prenamized mianywed, ddged ngeaied, depasitedk eleaned,
nunerals in different figures represent the sane
apdiotGbaRedor el ements. [0016] FIG 1 illustrates
cross-sectional views of both a m xing chanber and a
processi ng vessel for practicing the process of the

present invention. [0017] FIG 2 illustrates a system

for practici ' ntion.

[0018] FIG gﬁﬁéﬁﬁ@%kﬁﬁgﬁg@%wwscrograph

(SEM showing a view of a test wafer coupon in
cross-section processed with a reactive fluid of the .
[pOE8Ent i Aveneieocon@eteojappresiatim sfethendrventiopvwill be readily
showi ng a view of a test wafer coupon in cross-section
optaines pydefdrehcea to ducidllowidd descriptionhaf the exeompanying drawings
invention. [0020] FIG 4 shows a SEM of a patterned

iNa{ISER CIfEP AntErase 5 Rfffereh fildures represent the same structures or
elements.
[0016] FIG. 1 illustrates cross-sectional views of both a mixing chamber

and a processing vessel for practicing the process of the present invention.

[0017] FIG. 2 illustrates a system for practicing the process of the present
invention.
[0018] FIG. 3a presents a scanning electron micrograph (SEM) showing a

view of a test wafer coupon in cross-section processed with a reactive fluid of the
present invention.

[0019] FIG. 3b presents a SEM showing a view of a test wafer coupon in
cross-section processed with a reactive fluid of the present invention.

[0020] FIG. 4 shows a SEM of a patterned wafer coupon processed with a
reactive fluid containing a corrosion inhibitor showing partial and controlled
removal of a copper metal layer according to a further embodiment of the

present invention.



reactive fluid containing a corrosion inhibitor

showi ng partial and controlled renoval of a copper
woretoal11io8yer according to a further enbodi ment PCf/US1065/016779

present invention.[0021] FIG b5a presents a SEM of a

sem conductor test coupon prior to treatnment with a

reactive flyid showi ng a_co r overburden terial .
[083TE | ¢ o RiteBapTSHa & SEULA e ReTIHONIMEIOn A5k GiHeon prior to
[0022] FIG 5b presents a SEM of the sem conduct or )
treatpent with Bl @active fluidl shewing BresppeE AYelaurden matagaljdgposited
fluid according to a further enbodi nent of the present

ovar anfrardardevparginestesy patterh. t he copper over bur den
material fromboth the feature channels and pattern

[b@?ﬁ}éf e sEassHrebONRH SEMS e stnisendsctar S60par inaFIG. 5a

sem-'conduct or test coupon selectively and controllably

alang %kgp?yvﬁﬁ%gﬁeg‘ég\ﬁé i Ch@BFARE 33 fifingr EfoBffent of the

nventi on: eature arrays

are exposed | eavi.ng coppe ver bur den terial .
PipsRIdRENTon SHAiRd semPUaLaidRREEPCE QY HRHIde Ematsrial from both
selectivity of the reactive fluid to a desired

the featuraiehannglo apd pattem fesiule 2EA0ES- an enl ar ged SEM

view of a section of the test coupon in FIG 6a

[9028] ng e>xfiGs &a freaentsen SEMpEa fsehicondiugtor test agupon selectively
with a reactive fluid, evidence of the selectivity of

dridecdrtrstiabKerdatet vittPa deasiRierfRAd @086ding/®nd futiiét2Ehbodiment of
G 6c présents a SEM show ng an Energy Di spersive

F

BRI b rEARP s Slpbi% ating toger horourer
r%g e?i%[ u%?gt?clhrgdn% jthne 'fgée’tugeh% gr%éls? eLiRRe! gfeth@(ggﬁé%ﬂvity of the
reactive fluid to a desired constituent.

[0024] FIG. 6b presents an enlarged SEM view of a section of the test
coupon in FIG. 6a showing exposed feature arrays following treatment with a
reactive fluid, evidence of the selectivity of the reactive fluid to a desired
constituent. |

[0025] * FIG. 6¢ presents a SEM showing an Energy Dispersive X-Ray(
(EDX) analysis for copper of the test coupon of FIG. 6b, the bright mottled
regions corresponding to copper remaining in the channels between the exposed
array features and the dark regions corresponding to silicon in the exposed array
features, evidence of the selectivity of the reactive fluid to a desired constituent.
[0026] FIG. 6d presents a SEM showing an EDX analysis for oxygen of

the test coupon of FIG. 6b, the light speckled regions corresponding to oxygen

present in the exposed feature arrays and the dark regions corresponding to



array features and the dark regions corresponding to

silicon in the exposed array features, evidence of the
waelsatiosity of the reactive fluid to a desireBCT/US2005/016779

constituent. [0026] FIG 6d presents a SEM show ng an

EDX anal ysis for oxygen of the test coupon of FIG 6b,

the |ight speckled regi ons correspondi ng to, oxygen

GRPPeEFEMaNing dn dhp Ehannels, beveesy %é”ﬁg JegiyBegapyidence of the

regi ons correspondi ng tocopper remaining in the

sshectivity of Bea veastive tilichitor agesiced aersfituent dence of the

selectivity of the reactive fluid to a desired

[0027] i t uerflG.[6¥0@EkeRisG SEM phewingt an &EDBERN3Iysisi foysitieon on the

EDX anal ysis for silicon on the test coupon in FI G

188 codlisor iIrPFIG! 6B RHESIigHt regfiP@NsHirfespopdird tor Sillcon @eesdnt in the
In the exposed feature arrays and the dark regions

e C e i
SRRBAN RIS Pl sRaRE e SERISBICRE cdirdspopBl & et Gpper remaining
sel ectivit f the reactive fluid to.a desifed o

e, vhaals Bestosn BE dontle artibn e idbrieES bl i selectivity of the
el ectron mcrograph (SEM of a section of a patterned

neestive luigda aodesiresd eongtit¥erin over burden nateri al

following treatnment with a reactive fluid of the

[0028¢nt i NSt Tanpressnts gerseaahing stestion enicrograph (SEM) of a
symetric-flow conditions. [0029] FIG 7b shows a SEM

Sictidn oI patterpbdadepedduponesidriasd withupooverbavdergmaterial following
portion of a trench array exposed foll ow ng treatnent

t\é%érﬁwee{?lrt rv@ﬂf%' PeBchite! @flgidjafjfﬂe g%%%{ﬂﬂlwén%ﬁtd e?rgenegaElM static or

ow conditions. | G 7c shows a

of a frec ion of.a Eatterned test coupon show ng a
HERTEHIC-leW LONAOOS - ar ray exposed fol | owi ng tr eat nent

Cth fi : :
Mt : f?ﬁ#.‘éﬁpﬁ'@;ﬁgﬁq ,uag%gM ot & rsaéclt%nag IaVSat?érned test. coupon

showing a portion of a trench array exposed following treatment with a reactive
fluid under generally static or symmetric-flow conditions.

[0030] FIG. 7¢ shows a SEM of a section of a patterned test coupon
showing a portion of a trench array exposed following treatment with a reactive
fluid under generaily active or asymmetric-flow conditions.

[0031] FIG. 7d shows a SEM of a section of a patterned test coupon
showing a portion of a trench array exposed following treatment with a reactive

fluid under generally active or asymmetric-flow conditions.
DETAILED DESCRIPTION OF THE INVENTION

[0032] While the present invention is described herein with reference to

the preferred embodiments thereof, it should be understood that the invention is
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[0031] FIG 7d shows a SEM of a section of a patterned
test coupon showing a portion of a trench array
wexpedemss ol | owi ng treatnment with a reactive fPCi/isS2005/016779
under generally active or asymretric-flow conditions.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0032] Wil e the

B oo SIS LS e AL 1T ot Ll SLESRSS e mace

understood that the invention isnot limted thereto,

thergiv avithous depadingafrouethe apirib ardasrPrecohithe ipyengen. Those of
made therein w thout departing fromthe spirit and

craippey skill timéhé avtewilliappredisiesthabtombitiingayndsikidrmixing the various
art wll appreciate that conbining and interm xing the

NAdd 9HS réadtivescaiBoh&ms ldsv@urray Prablicedand Weseribéd herein ma
practﬁ%ed and desgcr)i bed r?ereri n rmqglrgbe effgct ed in s y

nu d LV ' E

TGN S P SENEE Yo, 85 2P corample
may. conpri.s f. hj gh- d i .
SR o e el el 5 A S s B use o
transferring, conbining, interm xing, as_well as .
high-pvessuig, PumPsyiBRg, PHAPIRG SYSHRTPE ndrangielo sysiasag « fof emoving,
fluids. In addition, the associated application and/or

trarspesiirig) dransféming uesmbiningshtegmidirg raswell\as deliviesisgospraying,
the present invention for conform ng, contouring,

SO BPplyirRy ohiides roédctivar fldidsg, Inr gdditiomgthec hesotiatgd application
repairing, rendering, polishing, and |ayering

a;rtiirs/{)egﬁace?ﬁ. Cfé@hb[&@els.ofb? tu?ﬁ\r\%ZQﬁe Rsactet! fldidls of the present

0Cessing co ction o ste sol utions and

.chenmical constituents are.als ; :
RS oSBT ebiE B SRR B R, removing
for processing of deposition terials, includi n%

o@nipgr déAPAEDSr i ApRJeTA: a %ngﬁm medfyl s lavering surfaces, and

combinations thereof, as well as post-processing collection of waste solutions
and chemical constituents are also encompassed hereby.

[0033] The present invention embodies new approaches for processing of
deposition materials, including overburden materials, metals, non-metals,
layered materials, organics, polymers, and semiconductor materials. Proceésing
as defined herein includes, but is not limited to, removing, shaping, leveling,
contouring, planarizing, cleaning, rendering, and repairing. Reactive fluids of the
present invention can be introduced as alternatives to etchants or abrasives
currently employed in CMP process slurries in such commercial processes as
semiconductor chip manufacturing. Because they do not employ abrasives,
reactive fluids of the present invention can eliminate deleterious effects
associated with CMP processing, including dishing, rounding, and critical

dimension changes to features and pattern structures. Further, reactive fluids of

9



| ayered materials, organics, polyners, and
sem conductor nmaterials. Processing as defined herein

WO pwbad®84 but is not limted to, renoving, shegEi/ogR005/016779
| evel i ng, contouring, planarizing, cleaning,
rendering, and repairing. Reactive fluids of the

resent invention can be introduced.as alternatives to

Hict cereat GV enPAdP TRy ecupRaBan MRS &4 irscapnparableto those
process slurries in such commercial processes as
ek rmoryaaiienalr CMI reanssiag: U | adglitiash c Erpsdive nliyidgoohdpe present
enpl oy abrasives, reactive fluids of the present
inveation exhibiircasfficientstaf diflisior ot mast 866 ecdaersaxfvagpitude greater
with CWP processing, including dishing, rounding, and
tHdrt csrparible aguesus Naidgasmployée & theeart 28l fald £ gheater range of
structures. Further, reactive fluids ofthe present
' [ e bl ril 4& at i
LA BRCA ol BaRt ol G s it S ETnally, flyds of the
addition, reactive fluyids.. he present, i nventi -
Binebt et it sUBrtaRiR, L B SID PR on critcal
of magni tude greater than conparabl e aqueous fl uids )
angiinjieats; serpikenaveior IAlUER AN PRIFIRE &° GOMRRIegrto aqueous fluids
reaction selectivity and control involving these
knowds angi naedyin fthei ag, othus hbeinge sdlimately ewrdfoh for commercial
exhi bit substantially | ower surface tension stresses
eemiddniduetdr procedsitg bpplicativasi conduct or features and
patterns as conpared to aqueous fluids known and used

1@3@9 ar t TheehsArid uibs 0 ik presdit ShvEntlof comprise the group of

rcial sem conductor processing applications.

e densidie uj r t L venty :
L O o R Sl Bbelfe Rl BT NERLIRE densiy
and suypercritical flui havi fluid density. (p)..
3660 therhipah deastyoth far eoBekribtc dhg. e Pepe diding, but not
(i.e., p>pc), including, but not limted to, carbon )
timéed de, carbharttioxide hgthene, efhtanen @ropanesitane, sulfurhexafluoride,
sul f ur hexaf | uori de,
and ammonia, including derivatives thereof, e.g., chlorotrifluoroethane. The
critical density (pg) is defined (“Properties of Gases and Liquids”, 3ed., McGraw-
Hill, pg. 633) by the equation p. = (1/Ve) x (M.W.), where V; is the critical
volume (mL) and M.W. is the molecular weight (grams) of the constituent gas.
[0035] The densified fluids of the present invention preferably comprise
carbon dioxide (CO,) given the useful critical conditions (i.e., Tc= 31 °C, P¢ =
72.9 atm, CRC Handbook, 71% ed., 1990, pg. 6-49), the critical density (p.) being
approximately 0.47 g/mL. Further, coefficients of diffusion in densified CO, are
at least two orders of magnitude better than aqueous fluids employed in the art
[see, e.g., Chemical Synthesis Using Supercritical Fluids, Philip G. Jessop,
Waltner Leitner (eds.), Wiley — VCH, pg. 38], exhibiting at least a 100-fold

greater range in diffusion and reaction selectivity and control relative to aqueous
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and anmoni a, including derivatives thereof, e.qg.,

chlorotrifl uoroethane. The critical density (pc) is
waledosnes{ " Properti es of Gases and Liquids", 3edI/ps2005/016779

McGaw Hill, pg. 633) by the equation pc = (1/VC x

_(MV\:]), vvlhere|Vc is the critical volunme (M _) and MW

is the nmol ecul ar wei ght rans) . of e constituent.

flyids. 0BTt RevaRiasEr il dhe dareiesk Ui EEL e timately lower

i nvention preferably conprise carbon di oxi de (CQ2)

syifaen ténsiuseéxerted | on cintricate dsemisendurtos. feafueesz’'and patterns

0C, Pc = 72.9 atm CRC Handbook, 7 1st ed., 1990, pg.

Brifredttaeagliddispasatefigidsy Foclexariphe, symface tension pf water is
0.47 g/ mL Further, coefficients of diffusion in

%S’?‘f ieﬁt nE&RnR 20 eReRC Marfibdeks 7af 88agngasiepg. 6-8). In

o an aqueous fluids enployed In the art [see,

. e.d. em. nt hesi: ' u | A4

cBifesh, Ge el GO\, « o) RIS o “fiz, dyresigp pt 20 °C
pg. 38], exhibiting at leagt. a.10Q-fold gr r
reanedic henzereseevs seeals vrefond 18ireg ¥, a factor
rel ative to aqueousfluids, Additional advantages of

aftebouit A9ielew teosuiface tansiamior @auprus 8HidS oner surface
tension exerted on intricate sem conductor features -
[@0depat t erTempergtarceof densifipdGis-ib pseferdblyinithe rmge from about
exanpl e, surface tension of water is about 73 dynes/cm

8b 20t P5bEFRG 0D dPoK prebslisé updo,abb®A0,00D péi- 8lord preferably,

contrast, densified CO exhibits a surface tension of

AR Ao e e
TRjleBH ﬁgﬁdﬁf‘hFBO@eﬁg?ﬁﬁ%@PQt bri” YO GoRLTRILH. cpgnditons are
StsatedivaeTsbudeTIReraliie i5 GboLSAoSS tBperapuiEe about 20-25 °C).
preferably, a tenperature nmay be selected up to about

BesS@enistdbaut @5Esssiy and density inathgedensified liquid exceeds the critical
density of pure COs (i.e., pc > 0.47 g/cc). Appropriate workable temperature and
pressure regimes above the critical density may be selected from a standard plot
of reduced pressure (P;) as a function of reduced density (pr) whereby the
corresponding reduced temperatures (T;) are specified. Reduced densities are
preferably in the range from about 1 to 3 and more preferably in the range from
about 1 to 2. The person of ordinary skill in the art will recognize that many
selections for pressure and temperature are possible. In general, for densified
fluids at super-critical fluid (SCF) conditions, the system need only exceed the
critical parameters for CO,. Thus, above a temperature of about 32 °C, a
pressure for a SCF system need only exceed the critical density of CO..

Temperatures for SCF systems up to 150 °C are practicable if the density of the

solution mixture is maintained above the critical density, meaning many density
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from about 850 psi up to about 3000 psi. Most
preferably, conditions are sel ected whereby
WO eoupRIAsure i s at or near room tenperature (aROUUS2005/016779
20-25 0C), pressure is about 850 psi, and density in
t he densified quuid exceeds the critical density of

ure COZHS%’ Z??d‘%% gr@r %@Slﬁ%@vﬁp@h y ?ﬁf\é)qrtgﬁlbcﬁanges to

denS| ty be sel ected from a standard pl ot of

prasguERl apdéyst@nuoe(raﬂug indhe Fysterni oningfarr@ggasder effects can be
density (pr) whereby the correspondi ng reduced

hitained dh 8E@R fiulds Whares higphet ideneifies Rady dbedexigoitéd iaesa function of
are preferably in the range fromabout 1 to 3 and nore

ﬁfe%fs@félgh(y/olr[bm rat@ege fromabout 1 to 2. The person
ordinary skill in the art will recognize that nmany

f@%ﬁ“ 7oy THE eBEARSNR 5l FEREAARYERIH EoRBRsLy+Eagents that

ner al S at super-cri |ca

‘(thn C?éqs ({iﬂ) gtﬁ ééﬂlgﬁn@ds ﬂggep%ﬁe %g%?gaégr%étl\g%(y? er%gctlwty being

t enper ature of abo pressure for
ggm@whmabwwféh@é@agwé I%thq b%‘KIdQﬂ@H§dtﬂH'@ft0 egmically react

Tenperatures for SCF systens up to 150 OC are
pithcdepaditien i materialgeimsluding fovdreursienumatariatsx ttheeehys removing
mai nt ai ned above the critical density, meani ng nany

thens,| dr/deISEIRAME FeriBYing eneiie--decttingntrane, elgnsisplading them from
fluid by effecting changes to pressure and/or

é?l@cgfd%ﬁtiﬁrﬁ t‘IB bfisn éﬁétr?@eipﬁblﬁh Qﬁerﬁrln%r%o?fd I8E&§SH.S

can be attal ne I n SCF ere higher densities

RS o ur Eeapfite et eadihg R FRSHHSY 22%’%'3%#@ the bulk
48RSN99 oBUEk UBCH-pr Gohe tehe A alot dlBHsd) fipreto; | For example,
reactivity being defined by the ability of the

benzpiriazolen (BTA) tad la dhesicale teggant dist @ot:r@rﬁcélw pgluble in pure
Lgl?gi;ied COg; peroxide is only slightly soluble in pure densified CO,.' However,
addition of a modifier such as a polar constituent ensures solubility and activity
for reactive reagents like BTA and peroxide in the reactive fluid. Modifiers of the
present invention are preferably selected from the group of CO2-miscible organic
solvents and polar liquids including, but not limited to, isopropyl alcohol, n-
alkanols including, but not limited to, ethanol and methanol, and co-solvents
such as water. Concentration of modifiers is preferably up to about 80 percent
by volume or weight in the densified fluid. More preferably, concentration of
modifiers is up to about 30 percent by volume or weight in the densified fluid.

Most preferably, concentration of modifiers is less than or equal to about 30

percent by volume or weight in the densified fluid.
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with deposition materials, including overburden
materials, thereby renoving them or selectively

WO egeitiTogs and re-depositing them e.g., displae¢nysSioh&ome779
froma first position or |ocation and re-depositing
themin a second | ocation. [0038] Reactive chem cal
reagents are preferably soluble in the bulk densified
19 (e. gSubstrgies, OblItases feetad Wiotpackiup diuids rihe present
exanpl e, benzotriazole (BTA) as a chem cal reagent is
inyention evay ybe adpilsinally minsede Fenexample, Go2ny pdepodilin materials
is only slightly soluble in pure densified CX2.1
hievssiubledsy teawtionforaoxiaxtion efftheunatetial in pohtact with the reactive
constituent ensures solubility and activity for

fig@achie/ @yﬂi@é‘ﬂﬁ?étﬁ)\)eiré@e@-rﬁnéiﬂghﬂ@ Mdtefall Br siBstrate with a pure

react.ive flui'd. Mdifiers of e present Invention are

BEGREA . ShEHER AT Wep P48 ing TR <s2AleR g may e
limited to, | sogropa/l al cohol , ?lal anol s [ ncl udi gg . :
IRAOVRERD |Using JY e, Qg 5 Medinedy &£o8iprisipgy modifiers including

co-sol vents such as water. Concentration of nodifiers
selvpnist sHelb| g6 ugrrrepwbsleohgb e6r.centingipgyBuidneomprising 15% by
weight in the densified fluid. Mre preferably,

coloorenisopropyt adohmidnfa éutk densified dluédhoudthgd medifierst suitable as
by volune or weight in the densified fluid. Most

ﬂlﬁﬁﬁ?ff@hisyi,ncm%c@(%fpﬂlﬁlicoégeﬂ'fts,néldbﬁd)lgf Scétdnbs SéthebapHaols, and
equal to about 30 percent by volunme or weight in the

g\ﬁ@@ﬁirfétﬁﬂ?fthg}eﬁf{ﬂ(@d@%&r@éﬁﬁﬁ rcﬁtrﬁédi?érssw Emiffﬁrgﬁﬁgg%sad as a

reacti ve e present 1 nvention

opt.i onal.ly rinsed.  For ex I man osition .
ARt i o, RrERE b 18, URL HQ PRGN G Habnd osweight. More
material in contact with the reactive fluid are

paier@liY. canseptratien afympdifiers\és tRetonabeyt 8P pgreent by volume or
substrate with a pure densified fluid. Materials not

welghy. Masi\peetedahly; canqemtratide of iniodifiers|isilessnlianos equal to about

30 percent by volume or weight.

[0040] Reactive reagents may be selected from the group of mineral
acids, fluorine-containing compounds and acids, organic acids, alkanolamines,
peroxides and other oxygen-containing compounds, chelates, ammonia, and
combinations thereof. Mineral acids are selected from the group of hydrochloric
(HCI), sulfuric (H2SOy4), phosphoric (H3PQO4), and nitric (HNO3), and their acid
dissociation products or salts including H*, CI'', HSO, ", SO42, H.PO4 ™, HPO,2,
PO4?, etc. Preferred fluoride-containing compounds and acids include, but are
not limited to; F2, hydrofluoric acid (HF) and associated dilution acids thereof up
to and including ultra-dilute hydrofluoric acid (e.g., 1:1000 dilution of 49 vol% HF
in water). Preferred organic acids include the sulfonic acids (R-SO3H) and

corresponding salts, phosphate acids (R-O-PO3zH,) and corresponding salts, and
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recovered using nore polar, nodified fluids conprising
nodi fi ers including solvents such as isopropyl

w@b@oholog4 e. g., a rinsing fluid conprising 15%@US2005/016779
vol une isopropyl alcohol in a bulk densified fluid.
O her nodifiers suitable as rinsing fluids include

pﬁé@r‘)ﬁfbl le5tc39€8hd; saltsORRsF: d t%@s arfd Mehetional equivalents.

and co i nations thereo O'oncentratl on of

nsr fr d fI Si f
P'Fé’%rrres by 8 4R8Pl 0, Sitibiamne
(I-d@ t l\/bre preE%&% gg?{cﬁe%m I%S nrrgqf;grrv%brg{searnd functronal
preferably, concentratr on of nodifiers is less than or

equivalents Recoxidedinshidse hut Bre nol limied fo,wepgnic. peroxides (R-O-O-
Reactive reagents nmay be selected fromthe group of

R}, nepadyl-alkyHperoxidey i(HsC RalHGROARNY amdriguindgerarbroxide (H205).

aci ds, organic acids, alkanol am nes, peroxides and

%ﬁ Srﬁmgce&ﬁ'r?bﬂhﬂg rﬁ&ﬁ@é’uﬁgtsarec Ret ahfed W c?zone (03),

natl ons thereof. Mneral acids are sel ect

cogrm)st gﬁ O ﬁ%gbﬂ{ﬂf 6§|h, dgrf\di %s@@((h@ E{C t%ﬂééﬁgctgé)mclude,
ba’? I@%@%'oﬁf'ocl (IJ,S? 1%%&%%@1&&3@% 34—;9%(& uocq @?ec?g (ﬁlex%—ﬂuoro-
agga grqét%(rjrgg ugrled% 4% onrt)grlrtgrrg |0§:]grrpo1ur|1 g Sph%rr]rgnfahcrgl?ne (C42HsNy),
aminopolycarboxylic acids including ethylene-di-amine-tetra-acetic-acid (EDTA),
derivatives and salts (e.g., sodium EDTA), and oxalic acid [[COOH);]. The
reactive reagents when intermixed with the bulk densified fluid raised to
temperatures and pressures whereby the density (p) in the fluid exceeds the
critical density (p,) for the densified fluid effect formation of the reactive fluid.
Effectiveness of the reactive constituents in the densified fluid toward overburden
materials, including metals, is determined by the reactivity of, and reaction
between the reagents and the targeted deposition materials or residues of
interest. Other reagents may be added to impart useful properties to the reactive
fluids. For example, corrosion inhibitors may be added to the reactive fluids
imparting control over rates of reaction (e.g., oxidation) for removing deposition
materials thereby providing reaction selectivity and/or controllability. Preferred
corrosion inhibitors include, but are not limited to, benzotriazoles including
benzotriazole (BTA) and 1,2,3-Benzotriazole, and catechols including catechol
[2-(3,4-diethyleneamine], 1,2-di-hydroxy-benzene (pyrocatechol) and 2-(3,4-di-

hydroxy-phenyl)-3,4-di-hydro-2H-1-benzopyran-3,5,7-triol (catechin), derivatives
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not limted to, F2, hydrofluoric acid (HF) and

associ ated dilution acids thereof up to and including
wakaosaimsd ut e hydrofluoric acid (e.g., 1:1000 PCT/UB20051016779

of 49 vol % HF in water). Preferred organic acids

[ nlcl ude Lhe ﬁul fonic acids (R SC3H) and correspondi ng

salts, osphate acids (R- [

tReteok, ikt GpBIIENG BS19s QG dapel/e gincal Sonstitidnts andior

derivatives, and functional equivalents. Preferred
rehjants| may rtes addet udethebreactive fiuids pf ihe euesent invention to lend
et hanol am ne (HOCH2CH2NH2) and hydr oxyl am ne (HO NH

udkfult pipertilsy ity athiev fisidand-drusgampleal reagentealimpaging time factor
Per oxi des include, but are not |imted to, organic

9%%59?8@%% fluids foreovirdy, kol exeanors] éefﬁst metal layer or a

and hydrogen per oxi de )

Sﬁ(bﬁ]gﬁg %r%:t?@'é alnj p%?gﬁgapgg%%dea %’%ﬁ:qn@é} &ﬁ (58_5 R—%tctlve o reagents in

tégtregfp_tbyenfgﬂg |q$s,ﬁqt1(§(£;éec§ 5eacilv§%uid is 3refer(a:Bﬁ/| l?rg % tHenicmH%? solubility
, 5, 5, 5- hexa- fl uoro- 2, 4- pent andi one,

foe e féagantde dhgIreaciie E‘ﬂﬂét@’ mrodifieg i@@@tl&ﬂé@.l(bnéﬂore preferably,

1, 10- phenanthroline (G H N ), am nopol ycarboxylic

dmicéﬁtraﬁ@h wliregctitehyéagentsliis ap tee abeut 30 gquarcent byivplume or by

(EDTA), derivatives and salts (e.g., sodium EDTA), and

Wéﬁgh{ Gnaghd! oS fidid, JhenddRed | Mactigagfuids Whiist preferably,
ermxed with the bulk densified fluid raised to

Ehan [

qo%&f%ﬁfr%f 4 & (RGN FERTEE i Iesen 06 cBAFtq ¥0O) o' Percent by

nsified flu ef f ect t.ion_of.

o orivp weidht s hegegpti It TPy ABAGREUMFS
the densified fluid toward overburden e .S, .
[08dlidi ng Imtaranixingiaf tH@tr@ﬁﬁﬁ“’r‘PeE?agﬁnf%@n&\@a na;f%d/ﬂuw, forms the
and reaction between the reagents and the targeted
daptieé tiuith fortremiozing deposition usatesials, nineluging, mitheet limited to,
reagents may be added to inpart useful properties to
SNEbURRSH | iWaterials, semiconductor materials, metals, and non-metals.
Effectiveness of a reactive fluid toward deposition materials is determined by the
reactivity of, and reaction between, the reactive reagents in the fluid and the
target materials of interest. In one of many likely reactions, for example,
oxidation of an overburden material (e.g., a layered or deposited metal) by
reaction with reactive constituents in a reactive fluid may result in dissolution of
the material whereby the oxidized material detaches from and is removed from a
surface. Alternatively, a reaction may involve a complexing reagent in the bulk
densified fluid. Reactions involving the reactive reagents in the fluid include, but

are not limited to, oxidation, reduction, exchange, association, dissociation,

dissolution, complexation, binding, and combinations thereof.

15



fluids. For exanple, corrosion inhibitors my be added
to the reactive fluids inparting control over rates of

WO e@siis84 (e. g., oxidation) for renmovi ng deposPCT/O82005/016779
materials thereby providing reaction selectivity
_andllo(r]I cogtrol lability. Preferred corrosion inhibitors
i ncl ude, but are not limted to, benzotriazole
[0042kii ng RersiBniniag oireixingT Ayestiel TeaCUOBaSRE | dohpaber) and
and catechol s including catechol
EQuipBnentdifea Irghohloansoadd desigp forr pigeticng the pregass of the present
(pyrocatechol) and 2-(3, 4-di hydr oxy-
enYibh - will4new- byddesctidell. -Treyszopkitied-iB, the7 artr ivill recognize that
(catechin), derivativesthereof, and conbi nations

R0l ddh uiflﬁlégi g&ﬁstﬁﬁlﬁ@féﬁbr&ﬁﬁﬁ@ ﬂiéemtlénﬁ@dﬁ% applicable.

reagents nay be added to the reactive fluids of the

esent ... Ie [ ' to th
ﬁfhlaﬁdné sfRaEgh i e e BE i dtenPURRRRLIES (2 o
tivit ot t fluids f ' f .
330851 o < Fibr o Nshafest byt aombii iBsstCIRY Al & Bigoessing or
| ayer may be added. Concentration for reactive )
reagjion ¥essel (@ inearassvaeationi d her miviiag rviesaelk isBagempdsed of a top
fluid is preferably up to the imt of solubility for

vBesealesgeiin 102t dred ree Aottomre vessel dsantionndi04 i redchipadt preéerably of
fluid. Mre preferably, concentration of reactive

HEAHEM etdl. UPhé InikUVveskel Peay eetlitd withuarey of abyumber of high
wei ght 1n the reactive fluid, or nodified reactive

fsltlléhgm gBISIFSnﬁ‘PrIi%P(%z%E o ‘Fv‘ﬂﬂﬁﬁ?é kb isibl OF cbRBhindeing metals (e.g.,

reag ess t han or equal to about 5 percent Dy

Lume or by weigh n the reactive fluid,. i fi
Faateng mirirBuTolo, R niiEeRaRGNaSer  The iPkr B e ke of poly-
reagents in the densified fluid forns the reactiye .
fatherdether-ketansy gk ks iasi BRERat dVIChIex, U$ﬁc'nedi¢4r§,enw"e SC) or
but not limted to, overburden materials,
senaltamdtivé suctmasqudlyteita-fleoratathytene (RIMEyealsognown as Teflon™
Effectiveness of a reactive fluid toward deposition
BUPbhENFilmhdien eDE)Nghdly dssembled, the top vessel section 102 and
bottom vessel section 104 define a mixing chamber 108 having a length of 1.75
inches and an internal diameter of 1.14 inches and providing an internal volume
of approximately 30 mL. vContents of the vessel are stirred with a magnetically
coupled Teflon™ stir bar (not shown) via a standard temperature contfolled
heating plate (not shown). A sapphire observation window 110 (Crystal Systems
Inc., Salem, MA 01970) is included in the top vessel section for observing fluids
introduced into the vessel and for inspecting the phase behavior in the mixing
solutions. The window has dimensions of about 1-inch in diameter and 0.5
inches in thickness. The vessel sections 102 and 104 and window 110 are

assembled and secured in place with a clamp 112 that mounts to close over

securing rim edge portions 114 and 116 machined into each of the top and
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reactivity of, and reaction between, the reactive
reagents in the fluid and the target materials of

WO niosne®s4 | n one of many |ikely reactions, foPCT/US2005/016779
exanpl e, oxidation of an overburden material (e.g., a
| ayered or deposited metal) by reaction with reactive
constituents in a reactive fluid may result in
chostonn uvpesel orsecensratreppestivier dRgrebie eiaclinged pressure  and
material detaches fromand is renoved froma surface.
Abmpenzitie slep) im theaniing vessel. nlis wéarap denggaiedgn place via a
reagent in the bulk densified fluid. Reactions
iookIhy ring 1iBepostiidd/and ai@esd about thbeerimutdr bhitleuslamp 112.
but are not Iimted to, oxidation, reduction,

poplaqae. qu bt 129 %Sf?ﬁfh%? IcORfi ﬁ’r‘e’ﬂs\thtérPﬂw[let pOtjt 118 and

conpl exati on ndi ng, noi natl ns thereof

AribRhaeh a8 %W%'éﬁdi%ﬁkp RSB ROF by oTERTDE s ports 118

ractjci t he cess of t resent. nvent| n wil ,
R b T che bk TistRenaRepY S il Bl poTsiqqpending on desired
recogni ze that nurrerous and equi val ent constructs for
loae direrction.t Hoitsvidi pod HS hape dicwisionsTinuthe mange from 0.020
limtation is intended by the present disclosure.

[iI0€HER] |.B) 18 0.030lihetsds ldbes both a m xi ng vessel 120 and
a processing or reaction vessel 140 in cross section.

To0e45] xi ng vASS®hfdrsp @@@élh?%s@él 4400R &S%ﬁbeéeéﬁ ho@p vessel
102 and a bottom vessel section 104 machi ned

%re%tlgﬁ a{;@; aﬂﬁ é b#o%h\*% éla§§ct|l§He )fhé‘&u%(ﬁégﬁ%ﬁe@t%ﬂyb& titanium

a nu streng
| t i t
PG o eJ ufh v R REpBat Seuhet TPke rocsBdvpy  When
vessel The Ilner 106 i s made of polyether-

@assemibted.ofe top §@cmvm4%§n¢émmsqovpet1% dgfipe a processing

Inc., Geenville SC) or an alternative such as
plbiaynbe}ﬂ@.fSemmns didi2yhreh 444 RTEBssembier Bndwecared in place with a
Tc?érlngnglfl? that mounts to close over securing rim portions 148 and 150
machined into each of the top and bottom vessel sections, respectively, effecting
a pressure and temperature seal in the processing vessel. The clamp is secured
in place via a screw-down locking ring 113 positioned and aligned about the
perimeter of the clamp.

[0046] The processing vessel 140 is further configured with an inlet port
152 into the chamber 146 and an outlet port 154 from the chamber, each port
having dimensions in the range from 0.020 inches I.D. to 0.030 inches |.D. The
processing vessel has an internal diametér of 2.5 inches and a height of 0.050
inches defining a total chamber volume of approximately 500 yL. Processing

. fluids are introduced into the chamber through a small inlet hole 156 introduced

in the top vessel portion 142 through,the PEEK™ liner (not shown). The top
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(Dupont WI m ngton, DE). Wen assenbled, the top

vessel section 102 and bottom vessel section 104
waledosnerosd mi xi ng chanmber 108 having a | engt h oPCWUFH05/016779

inches and an internal dianeter of 1.14 inches and

providing an internal volunme of approximately 30 m

Contents of the vessel are stirred with a nelca.
vespelesection W7, ingudss; & 0410 mﬁbtveng?gaonémﬁe%é éﬂa%ﬁ‘ ébo"e the
tenperature controll ed heating plate (not shown).

seafphil 0@ suirfaeewsihérsbyviuido ntotiicedrintor tie @wnbﬁmﬂﬁcare dropped

Salem MA 01970) is included in the top vessel section

foid sdvetratetbtd thei wisfer stiFfack pestiuciiga tragial fswdieldispread outward
for inspecting the phase behavior in the m xing

%‘éé@l@%a@%g}‘f’ge hasiiglyGungaans of about 1-inch

aneter an ches I'n thickness. The vessel

3@@%7@3 lnqﬁﬁa?d"'é%‘%gda Pty e SineR %é%ﬁ%ebenchmp |

dg .
Sl SaBnciot prechipOaRoBICaRs \<be| PBSElT gREnton.  The mixing

respectively, thereby effecting a pressure and

tvesper $2Qie illusiatechin Aaidniptesryirecase thermpal earamyiniation with the
secured in place via a locking ring 113 positioned and
Progessingbmsiset Mellpeia reetseriest of Iighepeegsutd Jiquid azdmatography
M xi ng vessel 120 is further configured with an inlet

ﬂPJrfsférhﬁwe%nﬁsﬁn TexhdfePMids 159 arélneadebf PEEKIY (Updhutdte Scientific
m Xi ng chanber is rever3| ble as ports 118 and 119 may

BRSO, VTS, S SRR y ]gdnen 0.
B:?r\égﬁglleglgﬁ'aél?] N Ie? dﬂt) % ran & Jhom Sggigyﬁgﬁgﬁéé@?&xg%ple, a 500
140 is conprised of a to vessel sectjon 142

UQLtfﬁ_ﬂﬁiQIég‘g(@ DemirDBIpCeaROTGRMHalied PIECE RHNP 7&% from 1SCO Inc.,
tlli;c?c?lh,u mB) in fluid connection with a tank 207 of uItra-high-pﬁrity CO.. Valve
210 (for example, a model 15-15AF1 three-way/two-system combination valve
from High Pressure Equipment Co., Erie, PA) is introduced into the transfer line
151 leading from pump 205 creating two independent flow paths 215 and 220.
[0048] Flow path 215 extends from valve 210 to the inlet port 118 of the
mixing vessel 120 terminating at a second combination valve 212 (High Pressure
Equipment Co., Erie, PA) allowing pure densified fluid to be introduced to the
mixing vessel 120 and allowing for transfer of reactive fluids from the mixing
vessel 120 to the processing vessel 140. A two-way T-fitting 225 (Upchurch
Scientific, Inc., Whidbey Island, WA) inserted into path 215 between the exit port
119 of the mixing vessel 120 and valve 212 brings the mixing vessel 120 into

fluid connection with the processing vessel 140. Further incorporated into path

215 between exit port 119 and T-fitting 225 are two inline filters, a 2 um pre-filter
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metal and lined with a high strength pol ynmer |iner

(not shown). Wen assenbled, the top section 142 and
whodosomosecti on 144 define a processing chanbePCLWB2005/016779

Sections 142 and 144 are assenbl ed and secured in

place wth a clanp 112 that nounts to cl ose over

uring ri ort..ons 148 .and 0 i\ned, | .
286 ooy RBRBbE dhey dEaBPex Sen SR i B B st fiter 205
effecting a pressure and tenperatur eal in the .
f¥pelwshnSeieritfia, . INke Wmﬁbngy SISA@ME ilé{A)ntbﬁfacefexyreatapote”t'a'
screw down | ocking ring 113 positioned and aligned
abotaminbet pwtalsshaheokactiee Suidsromdgeiey intneduced into processing
processi ng vessel 140 is further configured with an
veksdl 14wt 152 into the chanber 146 and an outlet port
154 fromthe chanber, each port having dinensions in

L EM%}?”QG fFﬂéW‘&tﬁ’%Qo' ﬁg@ﬁ@s tBm Vave 2%%' \%N?@?ﬂ!fénd thereby to

ocessi ng 'vessel s an internal dianeter of

e 10 ﬁfnﬁr%gﬁ%aﬁ %%’S%ﬁf%‘? ,FiERp R g th ?Lz@' s a six-port
Tslrﬁ‘%esﬁ%{\zel ? uced t@o@:]rq}%gi% ?753%\,5@.&? s%gppﬂ Sﬂ?ange valve,

142 through ,the PEEZS liner (not shown

Riposlyse| ResnertoRarky &ilﬁ@mﬂj)e@"CHVIUQGQO int qtl@ntofcaqidltlonal and
channel head space above the wafer 100 surface whereby
fvatiods puné flaidiscdirkatintinto precessing eesddi6! 40, e/oliropp debirgndelectable
accel erated to the wafer surface producing a radial

firh @ fréﬁééj fropf %BGUPW}Y@E@' aB6LP3S e Vahes 210 BAE12 in tandem
e.g., radially outward. [0047] FIG 2 illustrates a

@%gﬁge‘sﬁla%RCSFﬁbngéﬁfgw #0f fbw ﬁ’l’ﬁhﬁﬁﬁ qphér“e%'yeﬂwds may be

practici Focess o e present
The, ssel 120 is illustrated in
141 gadfg'\’ gher:ﬂgygpﬁﬁ} | communi cation with the

[0050] A straight vaive 240 (for example, a model 15-11AF1 two-way
straight valve from High Pressure Equipment Co., Erie, PA) connects via
standard 0.020-0.030 inch 1.D. PEEK™ transfer line 151 to a three-way T-fitting
226 (Upchurch Scientific, Inc., Whidbey Island, WA) and to a waste collection
vessel 245 via a “restrictor” segment 255 of PEEK™ transfer line having
dimensions of approximately 0.005 inch 1.D. by 6-inches in length. The T-fitting
226 is further connected via transfer line 151 to the exit port 154 of the
processing vessel 140 and to an electronic pressure transducer 260 (for
example, a model C451-10,000 transducer from Precise Sensors, Inc.,
Monrovia, CA) for reading and monitoring pressure in the system 200 and finally
to a rupture disc 265 (for example, a model 15-61AF1 safety head from High

Pressure Equipment Co., Erie, PA) used as a pressure safety vent.
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processing vessel 140 via a series of high-pressure
i quid chromat ography transfer lines 151 . Transfer
wo 2008417084 are made of PEEK(tm) (Upchurch Sci er€T/U51005/016779
Inc., Widbey Island, WA) with di nensions 0.020 inch
I.D. by 1/1 6-inch OD. Pressure is nmaintained in the

system usi ng a feed punp, 205 (for_exanpl e, 500, nL . .
B11 4500-1B 11G oin casiservessl 130 1S darLgsn SRump o fluminated

205 from1SCO Inc., Lincoln, NB) in fluid connection

wisimg a tightks@oge &275(for @xampte,parmegelct$0 fiber wetig situminator 275

(for exanple, a nodel 15-15AF1 three-way/two-system

frorhi DelbhUenviak, \St. LaarerndegMAY. eSharighEgaipesprefeCably comprises a
Erie, PA) is introduced into the transfer |ine 151

| ' i - . ,
R 5Lt L e ot e wi

val.ye 2 i ry. 11 1 X ; ;

%az&\ﬁfvg?mj&? i fore e B direbbfia ot gl 8 Yfeation window
H gh Pressuyre Equi pne Co...Erie, PA) allown

dAEive b mixing cHaTRET 0 dybiSRPEPrnGR G R&L ipr example,

120 and allowi ng for transfer of reactive fluids from

tmaosmhan@odelstkgM@f@/MmRﬁeCsto@@@graw&omabB@glnmdﬁtodActS Group,

two-way T-fitting 225 (Upchurch Scientific, Inc.,

Wibehree, |SC pisl alsdApréfesably edupledotpand a4dd lietoosgmative with the

exit port 119 of the m xi ng vessel 120 and val ve 212

BiReatb h275ant PsteREsR] tek@thdl displdy 288 t6 inags the mixing chamber
wth the processing vessel 140. Further incorporated

h
i 15 between exit port 119 and T-fitting 225
a%é)?%teﬂk'i ne filters, a 2 mmpre-filter230 (Upchurch

S 5, 488 ol bl T8 fyfpss 20

I sland, WA) that prevent potential contam nant netals

| appmwimatabt vie 10 minstas GAPBA? ﬁ@ﬂ%ﬁ%%?&@mﬁ%mg vessel 140.
processi ng vessel 140. ‘

Pressure is programmed into and maintained by the microprocessor-controlled

syringe pump 205. Metering of fluids from the mixing vessel 120 into the
processing vessel 140 is initiated manually by opening the two-way straight valve
240 thereby initiating flow to and within the restrictor segmeﬁt 255. Fluids are
discharged at a rate of about 30 mL/min. Each transfer of fluid from the mixing
vessel 120 involves about 7 mL of pre-mixed fluid. Closing of the valve 240
traps reactive fluid in processing vessel 140 whereby a deposition material on a
surface in contact with the reactive fluid effects removal of the deposition
material. Rinsing fluids are preferably introduced to the processing vessel 140
via processing loop 220. Rinsing fluids and other desired fluids or solvents may
more preferably be introduced directly into the processing vessel 140 through
processing loop 220. Rinsing fluids requiring premixing with other fluids or

solvents may be introduced through the mixing vessel 120 to the processing
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[0049] Flow path 220 extends from val ve 210 to val ve

212 and thereby to inlet port 152 of processing vessel
wQa4@®s/11708or porated into path 220 is a siXx-port PGHIPL065/016779

val ve 224 (for exanple, a nodel 7010 HPLC sanpl e

change val ve, Rheodyne, Rohnert Park, California)

allowi ng_for introduction of addit. onal and,vari

saseet 180 v amde@ppﬁfém g%{B'@&%?'HQ Gxacapptiqn §f e test surfaces
vol umes being selectable in the range fromabout 1 niL
twasbonducted using cwmemagnalﬁ)EM@ncEEg)X analygeRm per mit
isolation of flow path 215 from fl ow path 220 wher eby

f jo0 may IRGei Baanedh bhowghtypidaheraféd aoupoat300 tested in
[ 0050] A straight valve 240 (for exanple, a nodel 15-1

I&Fr&uﬁd%hv\ﬁi!{h M ?fé%'éht veMBon.” THE dogBof rs%s an imbedded

Equr pnent PA) connects via standard

O e [

8l 5 hres%aaﬁ'?% S At oo o
| sl and a te collectipn.vessel

et frgnsition dastel o Tas Bse TiniS Blpibaly BB Wit SRon stop

transfer |ine having dimensions of approximtely 0.005

i bayrier layer 380 cermprisieg; siligon eadhide (Snﬁ‘g fallgwed bhgnﬁeanesﬂane

further connected via transfer line 151 to the exit

pglass (B8 Q)fmateciaplayer 830 0y anotiwellow-40dialedtic(LdsD) material, and a

el ectronic pressure transducer 260 (for exanple, a

'Eéiﬁboéflﬂ“@lor thu@QﬁS; tovaragerca20 E6mprifihgGilk®nStiogideySiO;) or other

Inc., Monrovia for reading and nonitoring

L P A 5000 T o et o

o 88et B B e he 5 e 0L iR Thee

vess_el 120 is further shovvn bei ng illum nated us

| fegaivesdasteoupans welie gsnaralieot a %’6‘@[ opsa @b?owfaqraﬂon

| (ljelasucrnbri]r?gt Sﬁoczezging that breached the SiC etch stop layer. Test coupons were
sized as necessary by scoring and breaking the wafers along the crystal planes.
[0054] A significant advantage of the reactive fluids of the present
invention is post use recovery of waste constituents and regeneration of the
reactive fluids. For example, waste constituents may be easily recovered from
the bulk densified fluid by effecting rapid changes to temperature and/or
pressure whereby capture of the recovered solvent in-one stream and recovery
of the modifiers and Waste constituents in a separate stream allows for rapid and
inexpensive recycling of the solvent. The person of ordinary skill in the art will
quickly recognize the utility of the fluids of the present invention to many like

applications. Thus, no limitation in scope is hereby intended by the disclosure of

the preferred embodiments.
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from Dol an-Jenner, St. Lawence, MA). The |ight source
preferably conprises a one foot |ong positional

wQ@owsanm®ek fiber optic and a focusing | ens equP@pPEs2005/016779
with a 30-watt bulb for focusing and directing |ight
t hrough the observati on wi ndow 110 into the m xi ng
chanber 108, A hi gh performance canera 280 (for
el®ile, a TB§hif%'g)V\’fBeleXﬁmﬂiﬁF1F@rle|VI4!TWd€éD Rakpyote a further
from I magi ng Products G oup, Florence, SC) is al so
purdenstariding mfpthed reastisa dsystensi of Henjpiesantonvantion.t hexample 1
illumnator 275 and a standard term nal display 285 to
| qegdlst herenctiveg flajdarthatr remdves ndepusitio] QBaRrialhecompletely from
reactive fluids are prem xed in the m xing vessel 120
{ SUrfARRY. Oéxﬁmg;ﬁém detals 10 réAdivE SRuid thaY rdmoVdsB8h&sitiéi? materials

I
e processing vessel 140. Pressure is programmed into

a I I 4~ . . . .
Bl RS sBabel o R BES G BN Ra ropgtive fluid for
vesse] 120 ipto the processing yessel,K 140 is initiated.
eeRaive gt and g mRUst iRy o BRSNS, ot yamplyS dStails use of
thereby initiating flowto and within the restrictor
sagreeiiverBaid for goatolied remevaleiydepasition materials usirgivarious flow
30 nL/mn. Each transfer of fluid fromthe m xing
vicldelantiZbw figld gesmetniest 7 nl of pre-m xed fl uid.

Cl osing of the valve 240 traps reactive fluid in

processi ng vessel 140 whereby a deposition material on

a surface in contact with the reactive fluid effects

renoval of the deposition bl 1Rinsing fluids are
preferably introduced to t%@?‘g}gs’lsi ng vessel 140 via
processing |l oop 220. Rinsing fluids and other desired

fluids or solvents may nore preferably be introduced

directly into_the processing vessel 140 through . )
[0056] In Example 1, a reactive fluid is described according to a first

embodiment of the present invention for effecting essentially complete removal
of deposition materials, including overburden materials and metals such as
copper. The reactive fluid system comprises H>O», isopropyl alcohol, and
hexafluoroacetylacetonate (HFAc). An optional rinsing step with 60 mL of a
modified fluid comprising 2 mL isopropyl alcohol in densified CO, was used.
Peroxide (H20,) as a reactive reagent is a moderate oxidizer that removes
deposition materials by oxidation or by altering the chemical state of the material.
For example, elemental copper (Cu®) in the presence of peroxide undergoes
oxidation to an ionic state (e.g., Cu' or Cu®*). The reactive fluid further
comprises hexafluoroacetylacetonate (HFAc) which complexes with any free
oxidized metal. The fluid of the instant embodiment has very attractive attributes

for commercial processing including very low quantities of modifiers, very low
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processing |oop 220. Rinsing fluids requiring
prem xing with other fluids or solvents may be
WO ptosodeeed through the mxing vessel 120 to tReT/US2005/016779
processi ngvessel 140 via fluid | oop 215.
Post - processi ng exam nation of the test surfaces was

DA, EPett b ARGVER) IRE Tl BB R oY A Rmizgtion o

tested in conjunction th the present invention. The
%@Qﬁldcﬁa%ﬁﬁr\d]sig‘%'%%@@ﬁ' base | ayer 310 of a

representative transition nmetal, e.g., elepental .
[066Fkr or Bxpesimentalsitheodo mis aixingrNessald2d Wos chpiged with 1.5
typically overlaid with an etch stop barrier |ayer 320
moER5Yeshyngolsinie) dsupropylmicehdl $Al0richdChevisal £p..dMilwaukee, Wi
organosi |l ane glass (0OSG naterial |ayer 330 or another

53%15, SIS 70N HERAC gﬂﬂﬁéh Sheniita Go ¢ Milveukeeny/1E3201),

I nsufating overlayer 320 conprising silicon dioxide

@aﬁb{) RLOIABHcH BenliEiTo | MilBEIKEESIVI SRR pRéRASA to 2

n wells or e al so present,

ST BRAES D BB R 5P PGP PR wor
"barrier open" (BQO) configuration, descri i?
asiipsdodna patim Sertan oot e apardvesealnaD. s pottopyessel

coupons were sized as necessary by scoring and
e akbseyuentlywabped withoig toRe/espgiste fosmingthe modag chamber
significant advantage of the reactive fluids of the

10S:SThé shppRiné Wimddw 110stasimeerted interthie aippeasessel portion and
constituents and regeneration of the reactive fl uids.

tﬁ@rve‘éééfe':géﬁrlpo’l’rﬁ%ﬁd %%[Siiag YRRt F1 IWErdSe@aetlid place on the mixing

::c?vegh romt e bul k nsified fluid by.ef ecting
VEBelirE e Eeb g STRRBA/4GR AN bRissHiS SoM R HRFEEMI. The
LSO it b SRl e e 1B R R bATYB A o
multiphase fluid was allowed to intermix for about 5 to 10 minutes. The
processing vessel 140 was also pre-loaded with a test coupon having
dimensions in the range from 1 to 1.75 inches on a side. The processing vessel
was charged with pure densified CO, 130 via the inlet port 152. Transfer of the
reactive processing fluid into the mixing vessel was effected via manual opening
of a two-way valve 530 in pressure and temperature connection with the
processing vessel. Temperature in the processing vessel was maintained at
about 22 °C with a pressure of 3000 psi to maintain density of the mixture above
the critical density for CO,, about 0.47 g/cc. The test coupon had a contact time
in the reactive fluid of about 5 minutes, but is not limited thereto. Contact times

with or in the reactive fluid up to about 150 minutes are preferred.
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I nexpensi ve recycling of the solvent. The person of

ordinary skill in the art will quickly recognize the
wariosittwsof the fluids of the present inventi oPCT/OSI085§16779

i ke applications. Thus, no limtation in scope is

hereby i ntended by the disclosure of the preferred

Emlog?te%dl&aﬁﬁ]wg@? (ﬁg‘lfést%mr%%ng X t(ﬁ\zerrﬁggjceﬂq@gw the test

Buleq ek pptiand Zﬁﬁgé%{%\éfgm&'eﬁﬁ%'f‘& 5 BB rtpfghg'2 nf" isopropyi
corrpl etely from surfaces. etails a reac
Blahal TG0 micbpuEs danated Cir RIUCESOdbRITBFFaRiNg VEssel 140

fromsurfaces. Exanples 3 and 4 details using a
teprhovesttd rdadtife fluskamt td qeencir gay furtheamelactmsval  of
deposition materials. Exanple 5 details use of a

[6e®d] ve f RéstilfsOr FIGa! 3al had 3iemhoal SEM depvsgriapbs of an OSG
materials using various flow fields and flow field

?(féarﬁg?‘ béé@” gﬁ?f‘%@é Rvael B9083n BO0 BBl Yith the Ferbvé Ylﬁld Given

o according to a first enbodi nent of

en 0 f t
B BB b g 0 BeesBlo 1 STEHaRe R SRERATH s impedded base
overburden ter aI and h
Feaken kayer Bl dN%S!wP n‘@ﬁﬁi 5&3%@%@ gﬁ@@ﬁﬁgwﬁs n& removed. In
al cohol , and hexaf| uoroacetyl acetonate (HFAc). An
51f5i Inatemnoval of ¢hes irebeddedhonioass copperdayeiavas egsentially complete

conprising 2 m _ isopropyl alcohol in densified C2

@yﬁ/@nUI&eéxpcﬁia_lreXuOdmd d3aRct adthatheereective fluichgdraducedathrough the
noder at e oxi di zer that renoves deposition naterials by

Qi 8abi @;Blerﬂﬁg by ApbRyaId F&Lﬂt@euﬁhaniR?é y Phaté-EMctidie Spectroscopy

material. For exanple, elemental copper (CuO) in the

W(FQ%?EESW% th& fQ8 g?cg;%j@rr dffaining in the coupon following reaction with

the reactive fluid was about 7.2 X 1072

atoms/cm?, comparable to a key industry
measure for contamination level cleaning, the monolayer residue standard
(about 2 X 10" atoms/cm?). Based on the 15,000A (1500 nm) layer thickness,
rate for removing imbedded copper was from about 40 nm/min to about 100
nm/min under flow-processing conditions.

[0060] Results demonstrate that deposition materials contacted by
reactive fluids of the present invention can be removed. Altering of surfaces,
substrates, composites, layers, and/or deposition materials may be required to
contact a desired depositibn material with a reactive fluid. Altering includes, but
is not limited to, actions selected from boring, drilling, cutting, breaking, shearing,

puncturing, exposing, etching, mechanically rendering, and combinations

thereof.
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oxidation to an ionic state (e.g., Cul+ or Cu2+) . The
reactive fluid further conprises

wheooafilwes oacet yl acet onat e (HFAc) whi ch conpl eREBUBRIDFI016779
any free oxidized netal. The fluid of the instant
enbodi nent has very attractive attributes for

comerci al processing includj ry low quantities of

nodi fiers, very |owolatil %ﬂﬂgggeﬁof fluid recovery,

low toxicity, and elimnation or mnimzation of

critical feature and di nension changes. [0057]

Experinental. The 30 ml _ m xing vessel 120 was char ged
wWa061]. 5 niin( Ex&miple 2olaurasctive duic iy Ideatritod lactaidimg ¢ a further
Chem cal Co., M| waukee, W 53201), 300 nL of 70rM

"Erﬁgoﬂrﬁh&{t' Gmtl‘glﬁl’és’eﬁ‘a‘t lﬁi‘ibntloM hg‘@ﬂikﬁﬂ" réMoﬁﬁéQiéposﬁ% materials

drich Chem cal ) | waukee,

séﬂé &‘f QPH oco%tl%ﬂéglg ﬂ%otfd {lg rh%l% sogug’rp a¥ é)g%%r p?ﬁ%‘?@éctlve fluid

ron In tuenswerea

bot om section 1 f the m

OISR, FOTRTRad s Bapenofy SehEEa s hexalUgpgeetyiacetonate
vessel 102 form ng the m xi ng chanber 108, The
sEPpM s @smrﬁsawdlmo mplehéetgq whighha cs:omélqsbwbltpés benzotriazole
portion and the vessel clanp 112 and clanping ring 113
WEBTA )s avas axtided. plAcising tshep niith 99 vals of| a tfhudd etomprising 2 mL
effecting a tenperature and pressure seal in the

VigspRIpyl AlBhBERTD, Was dptnaftyasged with densified CO2
via the inlet port 116 and the multiphase fluid was

dto r 0 n
l: ER Sﬁ éhtépmgggg*léggﬁ\ﬁ gu‘ﬁo%?r%um%%ent E?nbodlment was

ocessing vesse th a

QU oA e B bk AL 1 Lo b voume)
HeaRsl S@%%Bﬁé&bE%agw@%éé’loé'@iwﬂga%%?&vﬁﬁééo yieof 70mM HFAGC
"(Riich Chemical Go., Mitwaukes, Wi, 100 it of & 30% Hz0z (Aldrich Chemical
Co., Milwaukee, WI) solution by volume, and 50 mg (14mM) BTA (Aldrich
Chemical Co., Milwaukee, W1 53201). Solid constituents were added to the
bottom vessel section 104 of the mixing vessel 120; liquid constituents (e.g.,
HFAc, H,0) were subsequently added. Contents were premixed for a period of
from 5-10 minutes by charging the vessel 120 with pure densified CO, at a
temperature of about 20 °C and pressure of about 3000 psi. The 500 pL
processing vessel 140 was also pre-loaded with an OSG “barrier open” (BO) test
coupon 400 as described in Example 1. The processing vessel 140 was charged
with pure densified CO, 130 via the inlet port 152 at a temperature of about 22
°C and a pressure of 3000 psi. Transfer of the reactive processing fluid into the

mixing vessel 120 was effected via manual opening of a two-way vaive 130 in

pressure and temperature connection with the processing vessel 140.
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of a two-way valve 530 i pressure and tenperature
connection with the processing vessel. Tenperature in

WO b@spLmeessi ng vessel was mai ntai ned at about PRRUSIS05/016779
with a pressure of 3000 psi to maintain density of the
m xture above the critical density for CO2, about O0.47

[cc. The test cou on had a act tine in th

FLamberAle ;e SYOGRRNAC Kesacl dADavas [antaiirst o) Ayt a2 °C with a
thereto. Contact tines with or in the reactive fluid

upessuratef B0005psirpriaistaiadensity Pé e Mmixtons spov the @ritigal density
waf er processing to renove overburden nmaterial, the

tfop CEL Whont Was7 glc. oflad hwafer nsepbrubadg gonfacs itir@ in the reactive
fluid conprising 2 m _ isopropyl alcohol in 60 nL of

Rihi¢ o@'%Béhf 5 9infrds butﬂhéé’%ﬁ%nté@ th&@tdr Oemssditines with or in the

vessel to renove the reactive fluid and to quench
r FIGs. 3 d 3b
38 %‘Eﬂ)ﬁ‘@ 4% %3?%% “%Qf*&%?%sa%e@%ﬁﬁ?%? open” (BO)
0Bl The' BS8HEE Ji, 4 3Rolisodh siniidRots foryhé, st coupon
cﬁﬁgEnt of the i mbedded base copper |ayer 310 was
treated withithe reactive fd af be ingantembediracly . CPﬂtaC‘f time with

FIG 3b, renoval of the inbedded or base copper |ayer
whe reastive fluit lwasideptiedldn gixaemples 4 andods im the tguaneda series of well
contact with the reactive fluid introduced through the

\F/paﬂte?ﬁé) 498eirehowinalcyiet Sntoethi| B eusopper Yayer 10 below the pattern
hot o- El ectron Spectroscopy (XPS) showed the |evel of

c\ﬁgé’%lor t?)(mé'cﬂ?ﬁ‘%f Re trB5¢c ﬂ’L‘ﬁ fﬂl))(bv%%f‘gzd’nﬁéfé ¥l alNof copper

reactive was a 10+12 atons/ cn?

C t i ndu ug e

L L N T —
2 X 1012 atons/cnR). Based on the 15, 000A éleOO n
ITayér Tthe elRwes seastignerate in FXamRIRg REAgyd! %oifpfé}rgr\/s‘&éﬂpafed to
fromabout 40 nmimn to about 100

Example 1 was attributed to the addition of BTA. BTA competes with HFAc in
the reactive fluid for reaction sites with copper thereby slowing the reaction rate,
leading to retention of a portion of copper in the layer 410.

[0064] Results show that removal of deposition materials, including metal
from an imbedded metal layer, can be selectively and controllably performed
using reactive fluids comprising appropriate reagents.  Other chemical
constituents may likewise be added to the reactive fluids of the present invention
based on their useful and/or anticipated chemical properties without deviating
from the scope of the invention. For example, the addition of a corrosion
inhibitor decreases the rate of the oxidation reaction slowing removal of copper

by the complexant HFAc from the base layer 410. The instant fluid system

effectively removes metals and may find application in commercial processing,
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nm m n under flow processing conditions. [0060]
Results denonstrate that deposition nmaterials
wa@omsactoed by reactive fluids of the present iPOEOB1005016779
can be renoved. Altering of surfaces, substrates,
conposites, |ayers, and/or deposition materials nay be
reqU|red to contact K a desired depositian naiﬁrlq
afor eéxemple, i thesemicerdusigr chig) Inaegtry bl $uchapp icalond as would
limted to, actions selected from boring, drlllln%,
che usad ,byliheadeirmp okorginary gkilljo tioe arti atg,m@xpcmtﬁ@, erein.
et chi ng, nechanically rendering, and conbi nations
t hereof . EXAMPLE 2 [0061] In Exanple 2, a reactive
fluid is described according to a further enbodi nent
of the present invention ugs{AlIPLEr3renovi ng
deposition materials selectively and controll ably,
i ncludi ng nmetal s such as copper. The reactive fluid
system conpri sed H2Q2, isopropyl al cohol, and

h
T “°r°afr§§, 'Sﬁﬁ %’?2}5&9( FAC ,oﬁﬁﬁ%lqrgggr{t%nver%on an approach

benzotri azol e (BTA), was added Arinsing step with 90

nfor remoxing overbursian meteriplo selectivoin aspechicdaeid, layer, or material
CO2 was optionally used. [0062] Experinental. The

r kas begr demorstiaited beingrths eaactetfodd Eepamsap irebrample 1.

by charging the mixing vessel 120 with 1.5 m _ (~5% by

Nfdoanq) 'SOEB( avlméﬁtaphol A Alet | ebusdrenisoel (@81AZ copper CMP
| waukee, , of 70rM HFAc (Al dri ch Chem cal

%hare{\étéﬁ%hﬁewy bhﬁ}%l%eng%?aw 3RJ% G?xf %H{dr%ﬁh@ a 16,000A
SR PR en ﬁéﬁ@é%?@ﬁadﬁgﬂ%maeedk er)'and a 250A

TaN barrier was treated by contacting with the reactive fluid prepared in Example
1 at a temperature of 22 °C and a pressure of 3000 psig. The test coupon had a
contact time in the reactive fluid of about 140 minutes but was not limited thereto.
Contact times with or in the reactive fluid up to about 150 minutes are preferred.
FIG. 5a presents an SEM micrograph of the test coupon 500 with copper
overburden 510 before treatment with the reactive fluid, showing the overburden
material covering the patterned features 520 on the wafer 500.

[0067] Results. FIG. 5b shows an SEM micrograph of the coupon 500
following treatment with the reactive fluid. As shown in the figure, the copper
overburden material was selectively and rapidly removed using the reactive fluid,
leaving the serpentine-shaped TaN feature 540 untouched. Further, no
degradation, rounding, or dimension changes to the feature edges were
observed. In the instant example, removal of overburden materials, including

metals such as copper (e.g., Cu), has been demonstrated in a fashion that is
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bottom vessel section 104 of the m xing vessel 120;
liquid constituents (e.g., HFAc, H2O were

wgaivsaguent | y added. Contents were preni xed f oPCHUS2005/016779
period of from5-10 mnutes by charging the vessel 120
with pure densified CO2 at a tenperature of about 20
0C and pressure of about 3000 psji. The 50(t) m
preeetivs tega VEsidBpteriab lRaying P8 4nglelYing Bt wie A feqtsgdintouched.
"barrier open" (BO test coupon 400 as described in
Ewamaldiion, Felectve czadiahgofy ébs eteattion waas chegyedempasirated that
pure densified CO2 130 via the inlet port 152 at a
t EAISVEY W desiredhrettidt? edand, Beprressavad off a 3IDEbpsien material
Transfer of the reactive processing fluid into the

@vﬁi!ﬁ%ré@éﬁﬂg 4R tdsu e i drovhaingR /o0 BEHErN&ritRAal &imension
t wo- way I

valve 130 1 n pressure and tenperature

' ' ' 140. T
AR B lall b bad Gt baRET Ry P B0 T it
SFoqasa" 1 v Oy BeReedle remover & Baposifiol rdidtigls SfRdiNg, but not

about 0.47 g/cc. The wafer coupon had a contact tine .

i imited t@aceoverburdan dmeferigibutmstals, nuiasmetalswagompesite  layers,
limted thereto. Contact tines with or in the reactive

f $emitondutior abebdridls Oinciuting dielestrior ahdr OSG fzd@®ls, and other
Results. FIG 4 shows an SEM m crograph for the test

CRIARSHEISOP cbhemtieAtstdbé EfetrRACHY Y&letling feajeritd ecactive toward a
i nstant enmbodi nrent. Contact tine wth the reactive

T hidk GRS .,dﬁ[]f | 4! {eitd%tigé,a 1885 redRfive- td\ﬁz?]r'dh%\ 5b8YRE material.
wel I pa

a series o erns 5 are shown etched into

t he base c er |layer 410 below th rn i as. .

Dy UG, GRS SAEARYRSATE b SoRaetatgl Agy & fbagent in the
renmoval of copper fromthe base |ayer 410 S no%)
oeastive dluitb egacts wWith 2 figgpoxstitugnt gndra se oy Uppefyent reagent
The sl ower reaction rate in Exanple 2 for renoval of

crggets withpar edcord or subsequent constituent or material, respectively.
Reagent combinations as would be selected by the person of ordinary skill in the

art are incorporated.
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Exanple 1 was attributed to the addition of BTA BTA
conpetes with HFAc in the reactive fluid for reaction

W@ 204184 h copper thereby sl ow ng the reacti oOPCT/EE®)5/016779
| eading to retention of a portion of copper in the
| ayer 410. [0064] Results show that renoval of

deposition materials, incluyd] | from an inbedded
XA

netal |ayer, can be sel ect controll ably

performed using reactive fluids conprising appropriate
reagents. Ot her chem cal constituents may |ikew se be

added to the reactive fluids of the present invention
b§e@édJon t hén rExaeplel 4 aydf anotheri empatimdenthfor wahoving deposition
properties wi thout deviating fromthe scope of the

| FeRBAI8 Belduliveas aBpéaifit Aestall (hyier 0or Mlatéridl Hasasésdemonstrated
i nhi bitor decreases the rate of the oxidation reaction

fhgwgnmeer rl%aég\éfé I%d_ pRAREd g%%é ﬁqhe%<§@p§ ¢ X Hd PstddtBhbodiment,

as ant system

igfﬁﬁgﬂ%ﬁg :r: év%é”gésiséng%%)glﬁﬁigaggp&?a al{ﬁgﬁh%o%le'n%%ﬁéwctbrn substrate
sem conductor chip industry. Al such applications as .
wEaMprisia featirey anpyspiidensyfacs eatterny of silicate matedal (SiO2) has
art are incorporated herein. EXAMPLE 3 [0065] In yet
aheehelemanstditednt of the present invention, an

approach for renoving overburden materials sel ective

t 0G70peci f Expeeiméntal ayArtesbrcouporré@) (bags, bhe@®1AZ copper CMP
denonstrated using the reactive fluid, prepared as in

ri t i
CSABiteAaldTch: SHlpL IS horcit SnupRn BRbring amaye of

;%egt@%ﬁéﬁgﬁ? 81844 TES%% %ﬁ@@%ﬁ%ﬁi&%ﬁ@@ﬁe P¥eriaid with -2
, 250A T i : o
SRR PV DUIdE (RIORa e JSIeRLIR amGRAIoBIth the Jegptive fluid of

the present invention. -Typical depth of the overburden material in the coupons
600 was 16,000A (over a 250A Ta barrier). Reaction selectivity and control
relative to removal of deposition materials was tested using Energy Dispersive X-
Ray (EDX) analysis. Qualitative and quantitative data provided by EDX provided
for measurement of concentrations and/or depths for remaining material(s). For
a given rate of reaction and time of residence in the processing vessel 140,
estimates of the desired reaction times were subsequently calculated, allowing
for reaction termination at any layer depth or degree desired. In the instant
example, reaction was terminated at a depth that exposed the feature arrays.
SEM analysis was used to view surfaces following removal of deposition material
per unit time.

[0071] Results. FIG. 6a presents a SEM of the semiconductor test

coupon 600 treated with the reactive fluid. Results show the patterns or feature
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1 at a tenperature of 22 0C and a pressure of 3000
psig. The test coupon had a contact tinme in the

w0 e@siiiwes f 1 ui d of about 140 m nutes but was nPECT/US2005/016779
limted thereto. Contact tinmes with or in the reactive
fluid up to about 150 minutes are preferred. FIG 5a

presents _an SEM m c¢rograph of the test coupon 500. w t .
AL B30 Ep HERCS 1A el SpEe seRRare i chy Raterial untouched in

reactive fluid, showi ng the overburden nateri al

cibeechannals 820bemesadtiiecfaalures, sytlenaet fesalaeidsitysobthe reactive
[0067] Results. FIG 5b shows an SEM m crograph of the

cluipdo Hdesired lconstigenht aati naomitrolviobr thee extemt tarwdegree of removal.
fluid. As shown in the figure, the copper overburden

nﬁ!@rewlpr@@eﬁ@%he@ﬁwrg@d/sawﬂvreqpbfiiaxsercﬁaﬁ\cﬂcihé&eﬁgcddmn in FIG.
reactive fluid, |eaving the serpentine-shaped TaN

I&;%‘Ls‘ﬁoﬁnﬁ (?eé’tgf'é’lé?rté?g ot steaeiroﬂ?wﬁlgﬂgrg? ?ﬁ‘ﬂ th dthgsreactlve fluid.

nensi’on ure e

re bserved n the instant e,
oResy a'a%wrfﬁfr@amagémppﬁu% f%%yr??ﬁiﬁ@dgngﬁe&Qaeaﬁbe?eween the
(ggéh’ , has been denonstrated in a fashion that
i r@canrws,t@rﬁlrmm%tharﬁe@ptw remayvahgl the GaEeeN gverpurden and
structure or feature untouched. In addition, selective
ccorttrallovef thérextembof remonals BlGe B alprasesis atSkMtdhmwing an Energy
achi eves a desired reaction outcone, i.e., renpval of

aDRpeFNE XeRaREBN) alnalfsid forioppentf e et ebapow s FIG. 6b, bright
di shing, rounding, and/or other critical dinension

ERUE AR LRI A AR B s oot e
SO Gl e ARSI Sl e exposed
materials including dielectric and OSG mater i al ?'H and

oRIAY (AEIUEES aPYIdeNce ofis {1Q FEIACHVEY PTh e PactvEd i to remove a

sel ecting reagents reactive toward a
desired constituent, i.e., the copper overburden material. FIG. 6d presents a

SEM showing an EDX analysis for oxygen of the test coupon of FIG. 6b, light
speckled regions corresponding to oxygen present in the exposed feature arrays
and dark regions corresponding to an absence of oxygen (and thus copper
remaining) in the channels between the exposed feature arrays. Again,
selectivity of the reactive fluid to the copper overburden material is
demonstrated. FIG. 6e presents a SEM showing an EDX analysis for silicon on
the test coupon in FIG. 6b, light regions corresponding to silicon present in the
exposed feature arrays and dark regions corresponding to absence of silicon
(and thus copper remaining) in the channels between the feature arrays,
evidence of the selectivity of the reactive fluid to a desired constituent. EDX
analysis results confirm the ability of the reactive fluid to selectively remove

specific overburden materials and to controllably remove them to a desired
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first material, but not reactive, or |ess reactive,
toward a second material. Further, conbinations of

WO e@gantos4 may be sel ected whereby a first reagk@l/Us2005/016779
the reactive fluid reacts with a first constituent and
a second or subsequent reagent reacts with a second or
subsequent constituent or material, respectivel

2 S 2L Y. .
Reepfbntevebrandiern degreead ananample, depesitien majetigican be selectively
person of ordinary skill in the art are

| recooyE & ed spREieldepth [P0 reén ek aapl wodld hetrequired to expose
anot her enbodi nent for renoving deposition materials

s@hbsdd Hatliesospaterhi Srral Bblow aYdpositiondi evémurders material in
been denonstrated using the reactive fluid prepared as

: _ Cthe im . : .
rgormva} |%Fpéocgéglggr tsidéh%rr@{&éplagp%?:pom asgﬁﬁgﬁ ﬁ?}dourstry surface
substrate c rising featured ar. / S : :
SBREerbGor 108 Palsed REBLINER BB, AEgRiced e dfious analysis
denmonstrated. [0070] Experinental. A test coupop 600 . .
(lechniqugsdn caMRIBAET W I@wr&c@r&/?&ﬁw&@"%@gppm rpactive fluids
M T/ Semat ech, Austin, TX) conprising arrays of feature )
paf ther present inventi@Os/awd adoywSineatunitg ofitates ror removing deposition
overlaid with a copper overburden material was tested

| matemalsinThusnavibitatioe is inéeridedeby the sheific éxamplesdistiosed.
i nvention. Typical depth of the overburden material in

E@MUDO”SI@% V@%rﬂgteo%éﬁ&to‘(ffr tfe {nrdberid é?ﬁﬁédiiﬁfél'rt, materials

ctron selectivity and control relative to renova

o] epasi ti [ ' . .

Pl ERa ok ShaEl BB RS EHE R TR (RRRRY or less reactive to
guantitative a provided b DX pr.ovi ded fQ

s trachiuh Tof ThBRCaR: PoBIRATL RSB 1R difsrent or subsequent
remai ning material (s). For )
material layer. Alternatively, selective removal may proceed or be accomplished
by changing fluid compositibn wherein a first reactive reagent targets one
deposition material, overburden material, metal, non-metal, layer, or other
constituent, leaving the second material untouched or unreacted. Comparable

techniques as would be selected by the person of ordinary skill in the art are

hereby incorporated.

EXAMPLE 5

[0073] In yet another embodiment of the present invention, selective
removal of deposition materials specific o a given metal, layer, or material has
been demonstrated using various flow-fields or field-geometries in conjunction

with the reactive fluid prepared as in Example 1.
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a given rate of reaction and tinme of residence in the
processi ng vessel 140, estinmates of the desired

WO e@siiis4 t i nes were subsequently cal cul at ed, BCT/O82008016779
for reaction termnation at any |ayer depth or degree
desired. In the instant exanple, reaction was
t er i nat ed de t hat exposed the featu a
sE®&Hal ysi %X\B&gr@é@g lio B e%sgurcpﬁeg@, f@ﬁ o{%%ﬂg\g dopper CMP
renoval of deposition material per unit tine. [0071] .
REparacterizaton fesir bimt MIT/Ssmvateth: Hustioni E8hdwnpiising feature
test coupon 600 treated with the reactive fluid.
Refals or padiernh Z1pavaetastedin tenjuncieam malystheli@aaties fluid. Typical
exposed | eavi ng sone copper overburden materi al

upEpchethe HvdbBarddipfatéfal 47 IhEoBeAs Wi §6a0BACRVer a 250A Ta

evi dence of selectivity of the reactive fluid to a

ABS ! @ﬁ%@wfé&%ge%%‘tﬁﬁl rQY&fvel ﬁl‘ﬁd%é?ﬁﬁ&r%ed above the

deg re resents an enl

of a_se on ofIhetes Cc 0 Fl G,
srﬁﬁvﬁc&appearrfﬂ Ui rearonesaiee 4P 14 Hapm;msmen’fa"y onto the
with the reactive fluid. Results show remai ni ng coppe
i soupeRydopitionedeeanirally belewcieniniets 182+ welew ohéeactive fluid in the
feature arrays, confirmng the selective renoval of
t peocespingr vesset bucuieed @sdetiailyrfodbmaight to Heft excress thef coupon from
renmoval . FIG 6c presents a SEM show ng an Ener gy

DitiePgoint BEcontday Led TRV fiss dseentigippstatioforidytnrhesic. In other
coupon of FIG 6b, bri ght rrottl ed regions

ch%ﬁaﬁenﬂé)\n%& ob8BRfEd foe n%gal\}ﬁaglk\gaa Earegr mmetric. Thus,

bet ween tde expose array ures an
d
¢ BPCREGI Vit Rod-tiG 0@89@3{%%’%9%“@%2% sgetions, of the test
qurd to renove a desjired constituent e., the

c 6PREN WeEe Bikestigates: fellpwing qqr@ctewﬂbﬂ@sr@ﬁp@veaﬂgém

showi ng an EDX anal ysis for oxygen of the test coupon

of0078}. 6b, Resgyilts. Because flow across the coupon was not constant or
uniform in the vessel, different flow patterns were observed over the colupon.
Generally, reactive fluid flowed diagonally left across the coupon and toward the
coupon edge. Because reactive fluid was introduced from the top of the
chamber near the center of the test coupon, contact with the coupon resulted in
combinations of both radial and/or symmetric flows, as well as turbulent and/or
asymmetric flows. Asymmetric and/or turbulent flows were observed near the
left-most edges of the coupon. Symmetric and/or radial flows were observed
more centrally across the face of the coupon. In general, flow was observed
from right to left across the coupon, resulting in a sloped removal pattern across
the test coupon, with the least overburden material remaining at the far left of the

coupon and the most overburden material remaining at the far right of the

coupon. FIGs. 7a-7d present scanning electron micrographs (SEM) for four
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speckl ed regi ons correspondi ng to oxygen present in
the exposed feature arrays and dark regi ons
wa@orsaspendi ng to an absence of oxygen (and theGT/TSWP&016779

remaining) in the channels between the exposed feature
arrays. Again, selectivity of the reactive fluid to
t he copper overburden nat e IS r at
ciflprast GrRCORS S §h%%WW@“QH&ED>@°&H8Py£QS‘i pfacied {tpfpe reactive
on the test coupon in FIG 6b, light regions
clturid e gboe dingtgnt embodiroent. pFlﬁ;-e?ﬂ presartie 2eRpdk et a first section of a
feature arrays and dark regions corresponding to

8d ¢éstsdduponrtréated undes gengratly statiteomsymgnetric-fidne conditions
channel s between the feature arrays, evidence of the

S\ﬁltﬁ%évﬁebbftlﬁ ﬂhlbe 'F&%%Ttb‘é@]ow WolA &f ﬂ\%sb{/&%urden materlal was

constituent. analysis results confirmthe ability

oé%rﬁ%‘ép)é@ﬁ?f%rﬁe\yﬁli%'e?ecttlgesc%n%f o\(/gl' ¥h%%‘é@¥(§e %?‘?éh'{?'vﬁl to a depth

'S and”to contro nmove t

b aPOVS e e orialR oPabTBe: | Kty T Shok 335?%@@ of a second

specific depth or degree, e.g., as would be require

teealiopo ot a watiesred dasiuceupon $R0tioBPA BRARe U&gmpfathe coupon
deposition or overburden material in comrerci al

piotiowigj nigeatmemt, witbniac aedaotiveor flyid oagaii nipder geherally static or
i ndustry surface processing. The person of ordinary

s&jrhinetfid-floweeanditiéhs t hesyfts | Shusw athl Ysatard eftay @repattern 710
in conbination with diffusion- and/or fl ow—control of

;ﬁﬁ%hﬁ?ﬁgtb Ei(b’éééﬁf@\{ a%: f ﬁ%%tach\r@’ f0id. 3ot shows a SEM of

uni ng renovi ng deposition
I b
SBaEHd RedtadaprerAfunpddadl c<?t3951f§féﬁ'ﬁ?%%ﬁ B4 RAEL of the coupon
as ﬁect of the present enbodinent, materials tar

ted
eraippoantaghyvie thel eackiyet fluid vas wpder r9aRgIAlG aftive and/or

| ess reactive to the reactive fluid than are
casyrmhmetric-flowacenditidns. f dResultsi shewentgreates ubqmaspueatof the feature

array elements following treatment and thus a greater degree of removal of the
overburden material. FIG. 7d shows a SEM of a fourth section of a patterned
test coupon near the left of the coupon wherein contact with the reactive fluid
was under generally active and/or asymmetric-flow conditions. Results show the
greatest exposure of the feature array elements following treatment and thus the
greatest degree of removal of the overburden material. Results are attributed to
the dynamics of the asymmetric and/or turbulent flow at the far left edge of the
test coupon where reactive fluid was observed leaving the coupon. Results in
FIG. 7a and FIG. 7b are indicative of slower diffusion-controlled reaction
conditions with the reactive fluid where the reactive fluid remained fairly
unperturbed and static. Results in FIG. 7c and FIG. 7d, in contrast, were

indicative of the more active removal pattern for overburden materials under
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material |ayer. Alternatively, selective renoval may
proceed or be acconplished by changing fluid

W@ ois0sioBd on wherein a first reactive reagent PEF/E1085/016779
one deposition material, overburden material, netal,
non-netal, |ayer, or other constituent | eaving the

't%ggﬁ a?a%@gig%\ﬁ{/\o&ﬁ} %h glgl %écrt by t ﬁ&ntper son rﬁ@a? of deposition
AR Crmali RBGs Neledbs oBRL ERal RERAGRT fitburent, tlaminar,

resent . invention, selective renoval of d%ggsulé)n o
PHiG SyR¥TSYiE, t%faéi“ﬂ?’fveﬁyriﬁt“'&t ch orand combinations

mat eri al has been denonstrated using var| ous

themeffi el ds or field-geonetries in conjunction with

the reactive fluid prepared as in Exanple 1.[0074]

Po¥e]i nential oné dsprict o therinsiabt ediodmenf)peac@® fluids may be
Characterization Test Chip, M T/ Sematech, Austin, TX)

$8DEH SHiREctb8 2l veral ! 8Y apBlied 3 ehiterid LIRS v%ﬁéh@%echamcal

in conjunction wth the reactive fluid. Typical depth

Sy, %ggo&g?ﬂsg.cgﬁasrte% sylidhe \Aﬁt%?@@ni*ﬁﬁé’eﬁci&at%qg’%ows with

SFT I er proces g Ve

ti fI d t rodu b
Bousartadyid Abe GeRelaen Thiirdiais SHagRAppede reactive fluid
increnental ly onto the coupon positioned centrally
weershyt eleeliver nepovat] af dher @lasirede danasdiam maéeﬂal oceurs.

processi ng vessel occurred essentially fromright to
Aldrnaticelys seldudiveorgroovdlr omddpesilionnimaiérialsntregt bel effected by
pl aces, flow was essentially static or symmetric. In

é&msétndgaaaha@t@t wilhod reastivebd gty esliowedoBy gensitigk! 8pin rotation of
active and/or asymmetric. Thus, effects of various

tithgé’t’%ﬂes'gt%ltéj SrafgtertaP Wby rGaMBisHiRioA oS B HQBSours thereby

removing, contouring, shaping, or leveling (e.g., planarizing) a material. Optional
rinsing or additional processing of the contoured material or surface with a
alternate fluid of different composition completes the processing.

[0077] In yet another aspect of the present embodiment, reactive fluid may
be directed to contact a deposition material in a narrow focal point, including, for
example, processing of a semiconductor material whereby spot shaping or spot
contouring of the material is effected by selective spraying of a reactive fluid
followed by rapid temperature and/or pressure changes to effect recovery of
constituents in the reactive fluid.

[0078] In yet another aspect, selective removal of deposition materials
may be effected by spinning or rotating the material or surface comprising the
deposition material whereby a reactive fluid contacts the material in various

and/or alternate ways. For example, flow fields including, but not limited to,
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coupon were investigated followi ng contact with the
reactive fluid. [0075] Results. Because flow across

WO b@saowpon was not constant or uniformin thePOBEESHN5/016779
different flow patterns were observed over the coupon.
Generally, reactive fluid flowed diagonally left
acrgss the cougon and toward the coupon edg . Because
r Eadigl Jews ItangentRl Tlowr ébulant i @ﬁwmﬁ offiqvhe Symmetric flow,
chanber near the center of the test coupon, contact
wotadienfeflewu gbanneled flew, ianc: cotibizationss theredbinay be generated.
radi al and/or symetric flows, as well as turbul ent
aAdématiaeMm&taﬁcsitfdmtermyrmyEbeé broczged byt sudbuhetiving as dipping
fl ows were observed near the left-npost edges of the

COHRRMersMGIRE Mdteddldh & reagtéfiuid, aHSwingr®r Rﬂﬁ@b%ﬁ‘?hows across a

nmore centrally across the face of the coupon.

ﬁ{é?éﬁél o élﬂ)ﬁéd@aﬁg %bﬁ&rt%ﬁqh{a e%nt &ovalé\g@é oiccftﬂér?mse shaping

coupon; resulting in ope
ﬁﬁ’tjoﬁis the tes upon, W|th t he Ieast over burden

e RSIHILA) ?l’ﬂj at the far left of the coupon and
the nost overburden material remaining at the far _
r [QM9lof t hbn gengreh.results haveydemopsirgiast thet dapesitjon materials can
el ectron m crographs (SEM for fourdifferent sections
obet belestvdly oamutl/ot acsontlipbly Téovedt ésihgdvimjoushdlow fields and/or
reactive fluid of the instant enbodinment. FIG 7a

PE&FaNE geamatiédivith fher ﬁiacﬁ@étﬂuﬂﬁ qhus, RatIireitarshst BSflow choices
coupon freated under generally static or

FSQTFI"téﬁd"%J %\}9 ng a{e?ré?'@ﬁn%c}l#\er Eée asz dfééfﬂé?:ts in Example 5.

the ove erla
gener al | ifor ith selectiv control vVer
ﬁbpsee@?f #E800aFeis  ShdiB BROMAEHSS A5 owHESE st by a person of
arrays or Patterns. FIG 7b shows a SEM of a second
setingy sl ig tha@rtaiediereby incsppidtedect i oned near the
right of the coupon following treatment with a
r §@80Jve f I n yetagmadthenedwodiraant, abagtivet Buids ofrthe present invention

may be used in combination with mechanical assists, such as commercial
processing pads, for applications including, but not limited to, buffing, polishing,
shaping, contouring, leveling, planarizing. Because the reactive fluids of the
present invention do not use abrasives or abrasive components, pads ranging in
degree of hardness from soft to rigid may be used as meéhanical assists for
removing deposition materials. Thus, deposition materials, including, but not
limited to, overburden materials, metals, non-metals, and other constituents may
be selectively removed from a substrate or surface while the surface or substrate
is simultaneously protected from mechanical intrusion and/or damage typically
caused by standard abrasive components in a processing fluid. In one aspect of
the instant embodiment, for example, a reactive fluid may be used in a first

processing step to selectively and controllably remove an overburden material
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symretric-flow conditions. Results show the feature
array or pattern 710 beginning to be exposed by action
wotoosheroseactive fluid. FIG 7c shows a SEM of PET/Uk1008016779
section of a patterned test coupon sectioned near the
| eft of the coupon wherein contact with the reactive
unde

fluid al Ly active an .

e o 7 Pt BT BB GePEr aRliy matprial gy proceed to a
exposure of the feature array el enments follown

tirelpiaEReSIAR dDQ“PFuénCiP(&P@Z*P‘étr Rotdipited i arfEshpamo depih, followed
overburden material. FIG 7d shows a SEM of a fourth

duca isepond finispina sepevhareby acvaphbaninalassigieeigef polishing pad, may
t he coupon wherein contact with the reactive fluid was

Wwelasegeodimlizy the tprueessinld.orFarsaxamyplej a- etk overburden material
conditions. Results show the greatest exposure of the

frﬁﬂtréﬁ%véﬂ NAY st PRiticssirgy ét@b’: rﬂg¥ beaahild A sbedisd polishing or

the greatest degree of rénova t he overburden

2 | R [ t ]
PRURSA Stop Ao ehaPEin Al secf VeI el oPHE R, adity or depth of
edge of, the test coypon where reactjve fluid was .
TREEMOUOTSRYIdRD FiRIEgN 00, S HBBR (i of Hiechafical gontact with
FIG 7b are indicative of slower diffusion-controlled .
rlsdshing rpash trreby nBininizing Hsopesring iamags.d Swlectivibhior a given
reactive fluid remained fairly unperturbed and static.

Respaisttion mdte@l fayabd @efthed? dsingn neoyt stsdardwertemical reactivity
i ndicative of the nore active renoval pattern for

viesHred KmolR ifrthalast inBRIRIINER bat Hyhiited td,a8dox potentials, solubility
conditions. In general, flowcontrolled renoval of

450056! f2eBRG) Fo8c ofRARY, PRUbLONS CANGREREh o

angen asymmetric,

SRR o 8 L bt M o PRREEL M hciogat. @ puraity of
irgggﬁl\?et flgiggoedaic?\esrgléctirveechtai \s/gegiflig ijggosniﬁgn kr)rija’cerial, constituent, metal,
non-metal, or overburden material may be employed, whereby the targeted
deposition materials are selectively removed in a step-wise, tiered, or top-down,
fashion from the host composite or layered material. For example, in a
manufacturing process involving a semiconductor chip having both a silicon
oxide layer and a copper interconnect layer, a reactive fluid may be used to
remove the silicon oxide material layer leaving the copper interconnect layer
intact. Alternately, the copper interconnect layer may be removed using a
reactive fluid leaving the silicon layer intact. Further, step-wise and/or selective
removal may be done in combination with, or in the absence of, mechanical
polishing/processing assists such as a commercial polishing pad.

[0082] In yet another aspect of the instant embodiment, mechanical

actuators may be used to generate various pattern flows for a reactive fluid in
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sprayed, directed, delivered, or applied to a materi al

usi ng various nechani cal actuators and nechani cal
waelelosaerg4 syst ens whereby specific pattern fl oneT/MB1005/016779

the reactive fluid are generated on the materi al

contacted by the reactive fluid whereby sel ective

iﬁ?ﬁ[&é?bvitﬂfa %%og@phrrﬂgteq%ﬁ)‘@metréw cr)?ﬁng%f & %f%cﬁgbésition materials

ternati vel Y, ectrve renova epositio

nmat eri al be effected by contacting a nmaterial

Ak DS agled J 2 RATHOUIRD PosRRP IS, MAITER L | For dpdmple, actuators
rotation of the substrate or material whereby radial . .
tntating Wit Yaripkde sneeds) @tavayiasr anglesr apg p $igand In various
contouring, shaping, or leveling (e.g., planarizing) a
dimeeiidnsl (e.@ptdircnkr rotatony@bovedtidi planaadf pdepesitiongmaterial can
the contoured material or surface with a alternate

Eladitsl sPectiidf pakemt A @R idwTictP giorhstfies Nat effect removal of
processing. [0077] In yet another aspect of the

Béﬁéﬁfi‘én HRRALITE e HERGH UFPFdiHé Shaiy iﬁ’%?iérﬁ%iﬁ%&@gnize that
contact a deposition naterial in d narrowfocal por nt,

incl udi ng, .. for exanmpl.e, processing of a sen conductor
hREroUs “oiher e pTEIRtODRL ARG il EaTalehtsgOh e present
the material is effected by selective spraying of a
pabedirgant |may pe| Hesrd "66“ rcapivathoyﬁpmegban@agm%ﬁt& All such
pressure changes to effect recovery of constituents in
combinadions age hietglel, incopmBatedn yet anot her aspect,

sel ective renoval of deposition materials may be

§0083]t ed bin st ranotigeroenbaidiheny 4 emivdbeductor enaterial damaged
surface conprising the deposition naterial whereby a

HEASS 'rﬁ,v@céésmgi v@g@@@gggﬁﬁ PV%‘eTédti% refhotall lop s MM of a first

al ter nat e ways flow fields including,

B A 15 kbR SRR b Qecte eposion

8&@%%&9%;? gptégglgﬁgg@ %g_c%g Vlvéca%\rg)% 8%&?&12% {o? %Sf’ remote from, the

first location whereby deposition of the first material may be used to fill or level a

depression, hole, divot, or other disparity thereby repairing the defeét. For
example, selective repair of a defect in a semiconductor chip may be made by
application of a first reactive fluid at a first location whereby a first deposition
material (e.g., overburden or metal) is removed followed by subsequent
deposition of the material in a second location thereby effecting repair. Changes
to the reactive fluid including, but not limited to, temperature, pressure,
composition, addition of new constituents, and/or subsequent combination with
other fluids imparts control of both reactivity and/or‘ deposition of the desired
material.  Alternatively, dissolution in a reactive fluid of a first material (e.g.,

copper metal) required for repair may be made with delivery of the reactive fluid

to a second location wherein a defect exists whereby changes to the reactive
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Alternatively, a deposition material may be processed
by such actions as dipping or imersing the materi al
wo poo/11wact i ve fluid, allowi ng for top-down flPGEUS2005/016779
across a material or surface or a portion thereof
t hereby renoving or otherw se shaping the deposition

ﬂ!ﬁgemﬁp reswto grg]srtra'é tE" éﬁésltléﬁséjfl { Iﬁ?é(t%n??%ﬂ%h‘é?d &fithin the

(O] erl a can be selective y an

RSB ?ﬁ'r?xﬁgvvl$"‘%g@fvs’%)&'9Y%.fr'ag'°t?¥s%u§“%’ Gintaning
l[imtations in flow choices are intended
gﬁéoweﬁe@emdpﬂ@ﬁt@ormaletmsfet%@eaef&gbe@wgt|W*Exgﬁﬁreésm or

5. In general, all flow fields and/or geonetries as
oihelr didparitys m:aybysaltmesebntmﬁ depositian pf the tissplutiohenalerial within
are hereby incorporated. [0080] In yet another

HE JHfaEN site BFCEfettind UsiAplf cidiyasr €aent temperdtuas) pressure,
may be used in conbination with nmechani cal assists,

Iéﬁrg ﬁ@?n@ G@E{Jﬁ) # ﬂﬁ’é ‘?lﬁﬁfgiét?%b?@%mﬁgrreggﬁ' 'Fl@ﬁdsOBﬁ the instant

t hot Timte

SRR TS 4 Pl Bﬁ%@@%t e, B@Eﬁ%@%ﬂ materials

use abrasives or .abrasive co nts, ran
H'@b’rdé'égvofmﬁarr@ﬁegg“t\egoﬁpso‘?‘(e H" 'bl '@afﬂjﬁﬁ% gt”é&aé‘on metals,
nmechani cal assists for renoving 03| tion material s.
Femicondeptnsimaienialeaaed mngtltuenta l@@ usling. bt neddimited toegap layer
to, overburden materials, netals, non-netals, and

pidterials aughiduSIC Ssmpy)dnﬂeleiyecs mo&ldmg @l@y@nhdf Ta) metal layers
substrate or surface while the surface or substrate is

HolHit@ee Uy AN B AGHS faydromaiBsdIs Therbing 0SS! 87d other low-k
and/ or- damage typically caused by standard abrasive

GRIBRIAE M telifls 2aRd Q6RDHABAE tHaLor! N One aspect of

[0084] {n yet another aspect of the present embodiment, a specific site or
spot correction is practicable. For example, in a semiconductor chip comprising
pattern vias wherein seed deposition layers comprising metals for interconnects
are deposited, localized repair may be warranted when a seed layer is unevenly,
irregularly, or improperly deposited ultimately leading to a faulty device. Further,
selective removal of unevenly, irregularly, or improperly deposited material may
be made with a reactive fluid from a pattern, feature, or material layer thereby
correcting the pattern, feature, or material layer.

[0085] in another aspect, repairing may comprise selective removal of
various deposition materials in succession using reactive fluids of differing
composition followed by deposition of any of the number of removed materials in

at least one location having an incorrect quantity of material thereby repairing the
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the i nstant enbodi ment, for exanple, a reactive fluid

may be used in a first processing step to selectively
wa@e@saomnss ol | ably renove an over burden PCT/US2005/016779

mat eri al contacted by a reactive fluid whereby renoval

of the material may proceed to a first processing

poi nt, includin but not limted to a first renpval

d&ﬁ%lthrm maiestl biaversec dvigrmativelni sglestivd @rRPRIEQN amay effect

mechani cal assist, e.g., polishing pad, may be used to

f cormsitiuztion loe prdxu@gs‘i layered mveeadph énateriatst al

overburden material not renoved in a first processing

sfooseyey belnrwtvrahémembsereast ¢fthe Yresentonvéntidn, mgactive fluids
st ep. Advant ages i ncl ude sel ective control over the

C‘M?gtﬁé sl t@'%ﬁ-ﬁdﬁ 84 pf %n%\ﬁ@rs*ﬂﬂﬂ’a‘ééﬁ ﬁ%pﬂ r‘@" butd¥t limited to,

tinme o mech nlca contact wt |n|S|n

PAnlERGRG oo BB B s AR RefORReS fads, cbidpbssing pad

many st and chem cal reagtivity sur es knovvn i,n
t $H13Ges iwgﬁﬂat%gu IE%S'naﬂglﬁqm'P@BgE or r%@f?es and''combinations

potentials, solubility products, free ener reaction
dhereofpwhereinrwpyanted proaessasidues renideo eqlcdmmst]nduﬂe but are
yet anot her aspect of the present enbodi nent, a

phatr dhited 64, e&ﬁntr'esieluébpim@smacremjes;ti/amon deposition residues,
speci fic deposition material, constituent, netal,

NERUtRE@R depBSitioM FESHUES, NaRERES b atioRY tﬁé‘re%'f'p Foy %Qample surfaces
wher eby the targeted dep03|t| on materials are

tssglpcﬁggé\% ed%) ﬁl onﬁ]romeﬁh ﬁgg S%enﬁé(ﬁ{cﬁﬁtonﬁrde osition chamber

‘conposite or
a manuf acturi.n

e sl Ting, SRneer, Siraee Had o hB oS Eﬁ@reeérmav require

oxi de Iayer and a copper interconnect |ayer,

rdganingdo remoye rfﬁ%ldb@S §yel asetek rrpjduener matear&ﬂﬁ, RIRpRna residues
material |ayer |eaving the copper interconnect |ayer

i ot amateridlst, evapdre ldeposiienc opgieriaisnt amd/onnether | sindierady materials
be renoved using a

accumulated during processing. In one aspect of the present embodiment, a
combined processing and cleaning chamber may be constructed wherein metals
or other materials in a manufacturing process are first deposited, followed by
cleaning of the chamber by action of a reactive fluid to remove unwanted
deposition residues. For example, in semiconductor processing, use of a
combined deposition and cleaning chamber may be employed wherein the
chamber is used for the manufacture or processing followed by cleaning of the
chamber with a reactive fluid thereby eliminating the need for additional and
separate costly processing chambers. For example, in one aspect, an auto-
cleaning process chamber for post semiconductor barrier deposition processing

and cleaning of surfaces thereof is practicable. All equivalents as would be

applied by the person of ordinary skill in the art are hereby incorporated.
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reactive fluid leaving the silicon |ayer intact.

Further, step-w se and/or selective renoval nay be
wa@lomwe/1ite8conbi nation with, or in the absence oPCT/US2005/016779

mechani cal polishing/processing assists such as a

commercial polishing pad. [0082] In yet another aspect

of the instant enbodi nent, mechani cal actuators nay be

U987 o genldr St RRCIRRTS grabedment, CEr pc{og;%s(fé@g%/\,@ay ocour

fluid incontact with a deposition material whereby

renerebly metal ey aegrbyrdenomatenialsimay heagelestiedly gemayednfrom one

a particular or specific manner. For exanpl e,

agitielabor sng adetttiong ofit a Vst alurfacepbeatinot adnother.oubor example, in

angl es and positions, and in various directions (e.qg.,

Céérﬁi%bﬁdliuétBF %é&dé)gea?%@eésh@,pba%@f & eeBRsirbERNmaterial layer

material can create specific pattern flows or

f gl L ) , , .
AHisibfl R RECERER O ohE Y bl brbE R Akt or spmisopdustor chip
the art will recognize that nuneroys other . .

B ibiatsasHivel & rieracally raged, whda e SFPosieo gr adiagent surface
enbodi ment may be used, with or w thout nechani cal )

dssipsetected | fremcithe opbemiaal orgmayiegheregsss by standard masking
i ncorporated. [0083] In yet another enbodi nent, a

seoheiqudsct lor ametiternate akpeeyed tde rprasemr embsdinmenteayfirst surface
be repaired by selective renoval or dissolution of a

finbdrizll emBsbé ippBcdasear (edd., §Iﬁé{b@_cﬁ,_ddnt@tirebﬁgghbqnew'ebbtive fluids of
subsequent” and sel ective deposition of the renoved

| d J , .
s o8kt Penff KGR BY s ThaBVatbR, of préf@ERAF of the firt
first material be used to fill or.level a
(RIBFRSETLSUMs WIHh Bt e prosising ot e Satpe syriace or of an
reggi ring the defect. For exanple, selective repair of
2leEnaleSUrfRc®. seni conduct or chip may be nade by
application of a first reactive fluid at a first
| [0088] on whier efey andthest eadbpdinentorof the present invention, metals

overburden, and other materials may be selectively removed using a
combination of reactive fluids in succession or by adding further reagents or
constituents to a reactive fluid. For example, a first metal or first overburden
material may be removed from a first or top layer of a composite material using a
first reactive fluid, ‘followed by removal of a second metal or material, situated
below the first, using a second reéctive fluid or by addition of a second
constituent to the reactive fluid that is reactive or selective to the second material
or constituent, followed by removal of a third material, metal, or overburden layer
below the second using a third reactive fluid or by addition of a third reactive
constituent to the reactive fluid whereby selective step-wise processing and/or
top-down removal of materials in a composite may be effected. In the instant

embodiment, mechanical assists including, but not limited to, polishing or buffing
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material (e.g., overburden or netal) is renoved

foll owed by subsequent deposition of the material in a
w@e@snuroBocat i on thereby effecting repair. ChaPQgEES1005/016779

the reactive fluid including, but not limted to,

tenperature, pressure, conposition, addition of new

constituents, and/or subsequent conbLna%ion W th oLhFr

fPRfIEaYrR HBad 4o RPRIUToShang, 1o atbriiss fipaliaea gpaterial or surface.

deposition of the desired material. Alternatively,

dinsyetl anatbar aspectr ezantivedluidsiimaybe appliedtin meniiciipn with use of

(e.qg., copper netal) required for repair may be nade

wdribugaherkanicall adthatioreacpiocessingintadhinerysaidodassists.

| ocati on wherein a defect exists whereby changes to

t fmafgzact | Ve {iatl shothyr EfDBUImeR Stheqire¥enidipRestiidn, Yeactive fluids
of th fluid.

material contained wthin the reactive
S HRER R o YR HecestFlgtoiGim SufraBR b clskbig pads for re-
a defect, divqt, hole, depression, or other. dispayit .
n‘éfgﬁr"é&ﬂ"t‘mieﬁc'%'ePBE*‘F&F'@”&eH&j‘FQ'PSnthBFet?%So&f Q| With dgl?“ve”t'ona'
material within the defect site by effecting sinple -
chbiygsocessing. t drpeesample, eptansment padss@re uedicated when pad
addition) to the fluid thereby effecting repair.
Furfatesobetdraei clsgged arnplodges nvithreaprasvesidroowssetbumen materials
renmove or to shape deposition materials including, but

ngdtivielyTréReve® . duirey RidcAanicaRbesdetisthg. MED@deS clogged or sufficiently
non-netal s, sem conductor materials and constituents

. ™ : e ¢ .
oG e a3 P 01 60, efor BB f such pacs
Cu and

TaN tal layers includi L featyure | ayer. .
o 08 i Ao afhfeoteriVe dhuss GG CereBYRl nvention to
materials, and conbi nations thereof. [0084] |In yet

JieBIoue oysputtenranddeppeitient matasie naactiva fiids imay be used to

site or spot correction is practicable. For exanple,

i clean ssd cenoaditioor CMR padsgmd sihey processing pads for reuse, thereby
decreasing processing costs. For example, pads comprising multiple and/or
various residues may be reconditioned for reuse.

[0090] In yet another embodiment, reactive fluids of the present invention
may comprise additional reagents, modifiers, or constituents whereby a time
selectivity factor or time constant is introduced for removing deposition materials
from surfaces, including metals and/or overburden materials. For example,
grain-boundary adsorbers may be added as reactive reagents to the bulk
reactive fluids thereby introducing time selective control over reaction rates
governing removal of deposition materials.

[0091] While the preferred embodiments of the present invention have

been shown and described, it will be apparent to those skilled in the art that

many changes and modifications may be made without departing from the
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pattern vias wherein seed deposition |ayers conprising
nmetals for interconnects are deposited, |ocalized

WO e@ailt7osmy be warranted when a seed | ayer is PCEUSIY016779
irregularly, or inproperly deposited ultimately
| eading to a faulty device. Further, selective renoval
of unevenly, irregularly, or inproperly deposited, .
naventien lrnis/trge S¢RAEE aRdthroadeasRacle Tﬁaia@Pﬁﬂeﬁﬁi glaims are
pattern, feature, or material |ayer thereby correcting
t thergfare intendéd ta co\er allrsuchtahangkes laagenodifioat®)s as fall within the
anot her aspect, repairing may conprise sel ective
r §piEiv ahd stopanf thesindepisn.t i on materials in succession
using reactive fluids of differing conmposition
foll owed by deposition of any of the nunber of renoved
materials in at | east one | ocation having an incorrect
quantity of material thereby repairing thedeposition
material |layer. Alternatively, selective deposition
may effect construction or build-up of |ayered
overburden materials. [0086] In yet another enbodi nent
of the present invention, reactive fluids nmay be used
to clean or process various surfaces, including, but
not limted to, manufacturing or processing surfaces,
deposition surfaces, processing pad surfaces,
substrate surfaces, and sem conductor surfaces, and
conbi nati ons thereof, wherein unwanted process
resi dues reside. Residues include, but are not limted
to, etch residues, plasna residues, vapor deposition
resi dues, sputtered deposition residues, and
conbi nations thereof. For exanple, surfaces such as
deposi ti on chanber surfaces, sem conductor deposition
chanber surfaces, cleaning chanber surfaces, and
conmbi nations thereof may require cleaning to renove
resi dues such as etch residues or materials, plasm
resi dues
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or materials, vapor deposition materials, and/or other
sputtered materials accunul ated during processing. In
wor@saspect of the present enbodi nent, a conbi PET{US2005/016779
processi ng and cl eani ng chanber may be constructed
wherein netals or other materials in a manufacturing
process are first deposited, followed by cleaning of
the chamber by action of a daAM%e fluid to renpve
unwant ed deposition residues. For exanple, in
sem conduct or processing, use of a conbined deposition
ane cClegani ng chanber may be enpl oyed wherein the
chanber is used for the manufacture or processing
foll owed by cleaning of the chanber with a reactive
fluid thereby elimnating the need for additional and

separate.cost.l I For , In
cheR BB M ol fefiP sy P S ER Bl R FARRIST oo
sem conductor barrier deposition processing and

cl eaning of surfaces thereof is practicable. Al
equi val ents as would be applied by the person of

or di naa desgified fluid amd atatetasge@e readiyg reagent.

i ncorporated.[0087] In still another enbodi nment,
surface processing may occur whereby netal or
overburden materials may be selectively renoved from

oeTRb §8actile MNE of €PN, wRéreth SaitidersifidMad Remprides at least
anot her. For exanple, in sem conductor package

pL.OC , r den r
GBS R s SdtBl HorR e UBoBE] Etyjer fhopane, butane,
waf er or semi.conductar chip may be reactively or
chitfreataioigroammanins Bodfiesy R compiastions hersk”

surface is protected fromthe chem cal renoving

process by standard maski ng techniques. In an

alternate aspect of the present enbodi nent, a first

s3ur Theeecaewtiver fluit oflaibe2 pwhersdrs sdid(reodifiers aepaelected from CO2-
contoured) using the reactive fluids of

miscible organic solvents, CO2-miscible polar liquids, isopropyl alcohol, n-

alkanols, ethanol, methanol, water, and combinations thereof.

4. The reactive fluid of Claim 3, wherein said modifiers comprise a concentration

of up to about 80 percent by volume in said densified fluid.

5. The reactive fluid of Claim 1, wherein said reagent is selected from mineral
acids, fluorine-containing compounds and acids, organic acids, alkanolamines,
peroxides, oxygen-containing compounds, chelates, corrosion inhibitors,

ammonia, and combinations thereof.
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the present invention foll owed by masking,

i nactivation, or protection of the first processed
waosac®smi t h subsequent | ater processing of tPET/E82085/016779

surface or of an alternate surface. [0088] In yet

anot her enbodi nent of the present invention, netals

over burden, and other materials may be sel ectively

r BndVedreastivryflaiddridaimab, vheaginseidcorpesion inhikiters are selected

successi on or by adding further reagents or

ctrast benmottiazales,oereatiazote, f1,2,3cberzntrizzciepdatechols | catechol,

nmetal or first overburden material may be renoved from

apyriocatechl, lcafedry eindPEoMbRRANBAS thdteBRt eri al using a

first reactive fluid, foll owed by renoval of a second

metal or material, situated below the first, using a

second reactive fluid or by addition of a second

constituent to th eactd ve fl.uid.that i.s reactive or .
st doie VaChe i G COBRE BritPersitlsaid Cmudn o Sohprise a
fol l owed by renpval of a third material, metal, or
oGngsnt@tion of ey toRNI 5/ 8Y YORBAG using a third

reactive fluid or by addition of a third reactive
constituent to the reactive fluid whereby selective
step-w se processi ng and/ or top-down renoval of

N8t Ghiealeactive AuidaifiGlain 6, wherdin seld eltdlatés are deected from

i nstant enbodi nent, nechani cal assists including, but

”Héxéﬂd@ré&&tglﬁcemlaitérﬁﬂj AOEoditrf ED@”F&, qsq OTBHelpé‘ntHFcﬁiﬂe, oxalic

to contour, ape, or otherwse finalirze a material or

BB a0 R B T R lse of vari ous mechan cal -
actuation or processing nmachi nery and/ or assists.

[0089] In yet another enbodi ment of the present

invention, reactive fluids of the present invention

ndly The reeetive Buid af{rlain 5 w(t\@ﬁelafsapff perexidaspreaniested from

re use in comrercial applications, including those |
asgEhiapedxiddsh t-baty aetktyl pedxides, hydrogen peroxide, and combinations

thereof.

10. The reactive fluid of Claim 5, wherein said reactive reagents comprise a

concentration of up to about 30% by volume.

11. The reactive fluid of Claim 5, wherein said reactive reagent comprises a

concentration of up to about 5% by volume.

12. A reactive fluid for removing deposition material, comprising:

44



CVWP processing. For exanple, replacenent pads are

i ndi cat ed when pad surfaces becone cl ogged or plugged
wowdk/1g8asi ves or overburden material s acti veP@T/US2005/016779

renmoved during mechani cal processing. Once clogged or

sufficiently ineffective, pads are di scarded and not

reused. G ven the expense of such pads and the

denonserdgnsifieskfiuid epdat Ieart onedepgoet feagtive teyyardiat least one

present invention to renove overburden and deposition

nmdepositivs materalt i ve fl ui ds may be used to clean and

recondi tion CVMP pads and ot her processing pads for

reuse, thereby decreasing processing costs. For

exanpl e, pads conprising nultiple and/or various

r ¢51 qiSreBRive fuitSFCIdinh 4 Qnﬁ/ﬂgfﬂfﬁ é A &ﬁﬁé@ﬁ@iﬁ ddtnpiides at least

anot her enbodi nent, reactive e present

invention may G i se_additional reagents i fi ,

o e ShePel B ERT BRI HIoRRE, LBy piR HPPERE: butane,
ti onstant is introduced, for renoving depositjon
nBMBITEKaNYGTisA, ZTIMARas madifiaradprePmeingfians fgreet.

over burden materials. For exanple, grain-boundary

adsorbers may be added as reactive reagents to the

bul k reactive fluids thereby introducing tine

séd edthevieactive floid af\Glainn ¢3civherein sbitbmgdifieirs argselected from
renoval of deposition naterials. [0091] Wile the

gcﬁz%fs%%ls \igRBhenty d(})%inﬁmécﬁﬁlérﬁoléﬂ}tﬁ.ﬁﬂé,%ﬂlﬁpgl alcohol, n-

een shown and descri bed, be apparent to ose

skij [ ngng jf4cations
né';‘/(abggﬁgg-'eé%?’trﬂ%ﬁ\ahggé%ér{?ﬁ)r%ﬂf f om&fﬁ ﬁgﬁﬁs\'/en {aéfh inits
true scope and broader aspects. The appended cl ai nms
are therefore intended to cover all such changes and

nmodi fications as fall within the spirit and scope of
t he. The eeactiye floichpfElaim 14, wherein said modifiers comprise a

concentration of up to about 80 percent by volume in said densified fluid.

16. The reactive fluid of Claim 12, wherein said deposition material is selected
from overburden materials, non-metals, semiconductor materials, low-k
dielectrics, organosilane glasses, polymers, organics, metals, metal nitrides,

metal oxides, silicon oxides, silicon carbide, and combinations thereof.

17. The reactive fluid of Claim 16, wherein said metals are Cu, Al, or

combinations thereof.

18. The reactive fluid of Claim 12, wherein said reagent is selected from mineral

acids, fluorine-containing compounds and acids, organic acids, alkanolamines,
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W Caim 1. Areactive fluid for renoving deposition
material, conprising: a densified fluid and at |east
wWor@3nemst i ve reagent. 2. The reactive fluid oPCIZUS2005/016779
1, wherein said densified fluid conprises at |east one
menber sel ected from carbon di oxi de, ethane, ethyl ene,

B 999%%@8?}%%5 co R fTatsER b fon nnipitors

fluid of m 2, .wherein ?ald nodi fiers are sel ected
Pmﬁqwanwgmbmeéloaﬁé% sol vents, COR2-nmiscible

pol ar |iquids, isopropyl alcohol, nal kanols, ethanol,

nmet hanol, water, and conbi nations thereof. 4. The

reactive fluid of Caim3, wherein said nodifiers
¢omMithesreastivofigidrafrGlaine n 8pivhereih gaibearroS6n pehilsitors dog selected
volume in said densified fluid. 5. The reactive fluid

fbribénBtdazoe RiizofZdId, eng @Eeh&tﬁ&i&ét@ieéﬁ&g‘ catechol,
m neral acids, fluorine-contalning conpounds and

giﬂo‘éﬁtec%g Y& HR c&%hﬁw‘é‘ﬂbﬁﬁ%ﬁ@%m per oxi des,

en-contal ni ng conpounds [‘at’és, corrosion
inhlbltors ammoni a, and conbi nati ons thereof.6. The
reactive quid of Cdaimb5, wherein said corrosion
i nhibitors are sel ected from benzotri azol es,
Bendberreagtivefiuid of ClaiseAowhrEsinisald eerresiapinhibitors comprise a
catechol, pyrocatechol, catechin, and conbi nations
cdmmeﬁtlfatio?i.of'Upetoraimﬂia?/e bf,/lvxnhdnef Claim®6, wherein
said corrosion inhibitors conprise a concentration of
up to about 5% by volune. 8. The reactive fluid of
Claimb5, wherein said chelates are selected from

?quﬂe%heﬁ\?éeﬂéﬁ'd ﬁllﬁfgﬁqg; whEldn ssRPEnEREER e skidded from

phenanthrol i n
hexafluoroacetylacetonate, EDTA, 1,10 phenanthroline, oxalic acid, and

combinations thereof.
22. The reactive fluid of Claim 18, wherein said peroxides are selected from
organic peroxides, t-butyl alkyl peroxides, hydrogen peroxide, and combinations

thereof.

23. The reactive fluid of Claim 18, wherein said reagent comprises a

concentration of up to about 30% by volume.

24. The reactive fluid of Claim 18, wherein said reagent comprises a

concentration of up to about 5% by volume.
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acid, and conbi nations thereof. 9. The reactive fluid
of daimb5, wherein said peroxides are selected from
woe@anim®sper oxi des, t-butyl al kyl peroxides, hpdr/ogm®mns/016779
per oxi de, and conbi nati ons thereof. 10. The reactive
fI uid of daim5, wherein said reactive reagents
onprise a concentration of up to about 30% by vol utme
125. The reaciid fid of Glaim 2ovbeeinsaigiergeht igipduces tim
reactive reagent conprises a concentration of up to
adelattivEdedntrol doruremoving depositien maderialai d for renovi ng
deposition material, conprising:a densified fluid and
at | east one reagent reactive toward at | east one
deposition material. 13. The reactive fluid of Caim

1§6 AL Sé@tlvﬁaﬂtﬂd %?@?élfﬂ 88 \Whiveth sQiAMEhgsst |§ta ﬂ;r%ﬂﬁboundary

one nenber selected from carbon di oxi de, et hane

E propane, butane, sul furhexafl uoride,
a?rq%orﬁ & nodifiers, or combinations thereof. 14. The

reactive fluid of Clain113, wherein said nodifiers are
sel ected from CO2-m sci bl e organi c solvents, Cg

2-m scible polar liquids, isopropyl alcoho

nal kArbseseidiaaaiovingdepesiion matesial, ceraPEABI nat i ons
thereof. 15. The reactive fluid of Caim 14, wherein
said nodifiers conprise a concentration of up to about
80 percent by volune in said densified fluid. 16. The

reacti H&tﬁbﬂh@'a feposioM dteriah@itRidresdtive giRaPEFBYYemoving at
material is selected fromoverburden materi al s,

NRBsELRkR N SEg Yo materials, |owk

ctrics, organosil ane gl asses, polyners or gani cs,
metal s, nmetal nitrides,

28. The reactive fluid of Claim 27, wherein said reactive fluid comprises at least
one member selected from carbon dioxide, ethane, ethylene, propane, butane,

sulfurhexafluoride, ammonia, modifiers, or combinations thereof.
29. The reactive fluid of Claim 28, wherein said modifiers ére selected from
CO2-miscible organic solvents, CO2-miscible polar liquids, isopropyl alcohol, n-

alkanols, ethanol, methanol, water, and combinations thereof.

30. The reactive fluid of Claim 29, wherein said modifiers comprise a

concentration of up to about 80 percent by volume in said reactive fluid.

31. The process of Claim 27, wherein said deposition material is selected from

overburden materials, metals, non-metals, semi-conductor materials, low-k
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nmet al oxi des, silicon oxides, silicon carbide, and

conbi nations thereof. 17. The reactive fluid of Caim
wasosmmesLi n said netals are Cu, A, or combi NBET/O805/016779

thereof. 18. The reactive fluid of Caim12, wherein

said reagent is selected fromm neral acids,

?&#‘%@-’"95 i@%“ﬁ%ﬁ% SRR P, Gahte, iTifiges, meta

. ch hi
SRS A ha . Shen R Seril Bl BB vTERE o

Claim 18, wherein said corr05| on inhibitors are

sel ected from benzotri azol es, benzotri azol e,

1, 2, 3-benzotriazol e, catechols, catechol,

32 oftes prdualss of @laioh2h, wherdire saidi reacivenBuid venguises2dt.least one
The reactive fluid of Cdaim19, wherein said corrosion

Ir@agéhtts@lécté@mhh ffinéraf a6i8S M ertobiniy b@mgbuhtjs Bk acids,
by vo ume. 2 1. The reactive fluid of daim1l

%grﬁ%égle@dace g ar Ry irsibh Mhibitors, pergddes. oygen-
mbi nat i
£o 'lr‘\"o‘é“’cemtﬁ@”r@fs"%raﬁ Hoka anqéeqhseqrﬁegsa@mragwaxﬁaggombénatlons

sel ected from organic per oxi des, t-butyl alkyl
8@f-des, hydrogen peroxi de, and conbi nati ons
thereof. 23. The reactive fluid of C aim 18, wherein
sai d reagent conprises a concentration of up to about
30% by volunme. 24. The reactive fluid of Caim1l8,

\B3erEidprieds of Jaint 3ZoNheichesaid chelatestaraiseltted from
to about 5% by vol une. 25. The reactive fluid of Caim

FexattisioakBtyiicton A8 IEDT A, ROERMEESTA | 1186 §ehbhHtftoline, oxalic

acid, and combinations thereof.

34. The process of Claim 32, wherein said corrosion inhibitors are selected from
benzotriazoles; benzotriazole; 1,2,3-benzotriazole; catechols; catechol;

pyrocatechol, catechin, and combinations thereof.

35. The process of Claim 34, wherein said corrosion inhibitors comprise a

concentration of up to about 5% by volume.

36. The process of Claim 32, wherein said peroxides are selected from organic

peroxides, t-butyl alkyl peroxides, hydrogen peroxide, and combinations thereof.

37. The process of Claim 32, wherein said reagent comprises a concentration of

up to about 30% by volume.
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control for renmoving deposition materials. 26. The
reactive fluid of Caim25, wherein said reagent is a

w@e@sniteundary adsorber. 27. A process for rep@UUS05/016779

deposition material, conprising: contacting a
deposition material with a reactive fluid thereby
renmoving at | east a portion of said material. 28. The
reactive fluid of Claim27, wherein said reactive
fluid conprises at |east one nenber selected from

¢4 bbne pranassf Gainadd, weergin sais atdeapione rangtive seagent
sul fur hexaf |l uori de, anmonia, nodifiers, or

conprisds ®osnddrdratioh. of A toldtout 846 byweldrhei d of C aim
28, wherein said nodifiers are selected from Cqg

2-m sci bl e organic solvents, CO2-m scible polar

i quids, isopropyl alcohol, nal kanols, ethanol,

h , , onhi [ : :
B, 0T prod e n Al 27 R MRy hBEeR tepdPtiod Materia
conpri se concentration of , up. to about 80 per.cent
SRR s Fheine! Biachp (e SeRgte e Sxddtiony FeREEBR, pxHange,
Claim27, wherein said deposition material is selected
fassecielionbdisgesiation cdissolytionomplexatisn, Hinding, and combinations
sem -conductor materials, |owkdielectrics,
dhgeetd- si | ane gl asses, pol yners, organics, netal
nitrides, nmetal oxides, silicon oxides, silicon

carbi de, and conbi nations thereof. 32. The process of
C aim 27, wherein said reactive fluid conprises at

I S | . i . iAoy il i
e B AR RS OShRNRg) Sl agpSSon materal s
kanol am nes, chel ates, corrosion inhibitors,

aci ds,, @L
fereRtials CORIEI@ncont ai ni ng conpounds, gr ai n- boundar y
adsor bers, amoni a, and conbi nati ons

41. The process of Claim 27, wherein removing said deposition material is

partial, selective, controlied, and combinations thereof.
42. A process for removing deposition material, the steps comprising:

providing a densified fluid,

intermixing said densified fluid and at least one reagent reactive toward at
least one deposition material thereby forming a reactive fluid; and

contacting said deposition material with said reactive fluid thereby

removing at least a portion of said material.
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t hereof. 33. The process of Caim 32, wherein said

chel ates are sel ected from hexafl uoroacetyl acet onat e,
wEDma11®edi um EDTA, 1, 10 phenant hrol i ne, oxal i BCHUBZ05/016779

and conbi nati ons thereof. 34. The process of O aim 32,

wherein said corrosion inhibitors are selected from

benzotri azol es; benzotriazole 1, 2,3-penzotr

4. herqactive: fudh of Clajnt de.avlaenei Sﬁ'@&t%@iﬂeﬁ ﬁtﬁii&ompﬂses at least
conbi nati ons thereof. 35. The process of C aim 34,

whiee Biemisern sklected doinp carbon dioxides etbempr ethylene, propane, butane,
concentration of up to about 5% by volune. 36. The

psieRexaffuctdal ampdoniahbeifiers ardoparinatishesthareof.
sel ected from organi c peroxides, t-butyl alkyl

per oxi des, hydrogen peroxi de, and conbi nati ons
thereof. 37. The process of Caim32, wherein said

. : . N
SR e sEoaR/e A of CHOBEES ol oel'wity sHBqie S delpli¥y rom

| east one reactive rea conprises a concentrati
o?%qaﬁnissf%éﬁ)et&arm/&@yeo i@ﬁ%?m?f%'bl?ﬁ@laﬁr“@&' issPrep afionol, n-
27, wherein renoving said deposition materi al

calkpnols eethanehinethanek watern end slosthieatiansoinersafdat i on,
reducti on, exchange, associ ation, dissociation,

dissolution, conpl exati on, binding, and conbinations
thereof. 40. The process of Caim 27, wherein renoving

S drite RtV e A0id Bt €liral44, %vifé‘?éiﬂrgdicﬂiiﬂddiﬁéiﬁiﬁoﬁﬁ;ﬁis&a 1.
The process of Claim 27, wherein renmpving said

dERREnt288n BB thHbdu® 80 percent by volume.

46. The process of Claim 42, wherein said deposition material is selected from
overburden materials, metals, non-metals, semi-conductor materials, low-k
dielectrics, organo-silane glasses, polymers, organics, metal nitrides, metal

oxides, silicon oxides, silicon carbide, and combinations thereof.

47. The process of Claim 42, wherein said at least one reagent is selected from
mineral acids, fluorine-containing compounds and acids, organic acids,
alkanolamines, chelates, corrosion inhibitors, peroxides, oxygen-containing

compounds, grain-boundary adsorbers, ammonia, and combinations thereof.
48. The process of Claim 47, wherein said chelates are selected from

hexafluoroacetylacetonate, EDTA, 1,10 phenanthroline, oxalic acid, and

combinations thereof.
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partial, selective, controlled, and conbinations
thereof. 42. A process for renoving deposition

woraioenizamB4 the steps conprising: providing a detiU$10881016779
fluid; intermxing said densified fluid and at | east
one reagent reactive toward at |east one deposition
mat erj al thereby formng a reactive fluid; and
cHBt dbeinigeess af Gy 4 Wieraisaid sPrRpioR 18RiPHors-ae §8jected from
fluid thereby renoving at | east a portion of said
nbeezratazales; enzatiazaie b 2f3-benzaitiagle) categholaheatechol;
said densified fluid conprises at | east one nenber
spyrechithbl, @ateskilendicombitations tiaareof.et hyl ene,
propane, butane, sulfurhexafl uoride, ammoni a,
nodi fiers, or conbinations thereof. 44. The reactive
fluid of Caim43, wherein said nodifiers are sel ected

f - M. SCJ .Or [ | v - 1T SCJ .

R T PR BT B8 8 SR T bR fpprise -

met har;&l . water, and %%@bnat' ons thereof. 45. The

r eefegsniration qf yrde agaut ey v ®in said nodifiers

conprise a concentration of up to about 80 percent by

vol une. 46. The process of Caim42, wherein said

deposition material is selected from overburden

a1t efMhael process of Slaimciv- wiexkis, saie peraxideliatenselected from organic
materials, |owk dielectrics, organo-silane gl asses,

PREMRRICS, t-BUBARIIES P_efBS(‘idﬁs, %gﬂfdgéﬁsperﬁﬁfd@ afdicdRtbinations thereof.
silicon oxides, silicon carbide, and conbi nations

thereof. 47. The process of Caim42, wherein said at
| east one reagent is selected frommneral acids,

o ad oo afelibn MR SH o s pnS AR drgent

per oxi des, oxygen-contai ni ng
comprises a concentration of up to about 30% by volume.

53. The process of Claim 47, wherein said at least one reactive reagent

comprises a concentration of up to about 5% by volume.

54. The process of Claim 42, wherein removing comprises a chemical reaction
selected from oxidation, reduction, exchange, association, dissociation,

dissolution, complexation, binding, and combinations thereof.

55. The process of Claim 42, wherein removing comprises use of a mechanical

assist to enhance removal of said deposition material.

56. The process of Claim 55, wherein said mechanical assist is selected from

pads, actuators, or combinations thereof.
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conmpounds, grain-boundary adsorbers, anmonia, and

conbi nations thereof. 48. The process of Caim47,
wob@saimssai d chel ates are selected from PCT/US2005/016779

hexaf | uor oacetyl acet onate, EDTA, 1,10 phenanthroli ne,

oxal i ¢ acid, and conbinations thereof.49. The process

of Caim47, wherein said corrosion inhibitors are

sel ected from benzotri azol es; benzotri azol e;

1, 2, 3-benzotriazol e; catechol s; catechol;

pH7 oddeguiooess ohClaimi 42, vehraterorennowing saisl depmsiisin maderial is

The process of Caim49, wherein said corrosion

| absdntialiy cobipte. se a concentration of up to about 5%

by volune. 5 1. The process of Claim47, wherein said

per oxi des are sel ected from organi c peroxides, t-butyl

al kyl peroxi des, hydrogen peroxide, and conbi nations

t her T C

| 8t M rBPes BT GRIMEES nneq%a%%@é@ sl firgictan i
to about 30% vol,ume. rocess of Claim

49?H%heﬁeé¢wV§apant5@qude§§9 CHibiRgiRn G Sagent

conprises a concentration of up to about 5% by vol une.

54. The process of Caim42, wherein renoving

conprises a chem cal reaction selected from oxidation,

r B8 dthegprocess baCEHmM 56 wiwarein selectilieseowatg comprises spinning
di ssol ution, conplexation, binding, and conbi nati ons

t bR eétfatméfa er?@:eOihQﬁf?ﬁéct%tr@ﬁd Yedativeiggei n renoving
conpri ses use of a nechanical assist to enhance

renoval of said deposition material. 56. The process
of C aim55, wherein said rrechani cal assist is
S ed from uat or s, conbi nat.i ons
+ Blr o Rreosd B CRimas WhctoiLsdbabe Wraning SPmpmsisen gecting
sald qlep03|t|0n material is ) i ) . )
selective or top-down flow of said reactive fluid across said deposition material or

a portion thereof by dipping or immersing in said reactive fluid.

61. The process of Claim 58, wherein controlled removing is selected from rate-
- controlled, diffusion-controlled, flow-controlled, flow-field-controlled,

geometrically-controlled, or combinations thereof.

62. The process of Claim 61, wherein flow-controlled removing comprises a flow
field selected from radial, tangential, turbulent, laminar, asymmetric, symmetric,

gradient, dynamic, channeled, and combinations thereof.

63. The process of Claim 62, wherein flow-controlled removing further
comprises mechanical rotation or spin actuation of a surface thereby removing

said material.
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essentially conplete. 58. The process of Caim42,
wherein renoving said deposition material is partial,
w@edosatiose, controlled, and conbi nati ons ther ep€T/USH05/016779
The process of C aimb58, wherein selective renoving
conprises spinning and rotating a surface in contact
wth said reactive fluid. 60. The process of C aim 58,
wherei n sel ective renoving conprises effecting
selective or top-down flow of said reactive flujd, :
& obke mwsgéﬁ&zlalm 63, wheein gpntacting ﬁ@ﬂﬂr@'ﬁst(ﬁwm said
by dipping or immersing in said reactive fluid. 6 1.
Theactvethdd onodaiCideposifien materiel.n control | ed renovi ng
is selected fromratecontrol |l ed, diffusion-controll ed,
flowcontrolled, flowfield-controlled,
geonetrically-controll ed, or conbinations thereof. 62.

;I'ébe ?588)? cctes%fof%léinm4 %he}’@lﬁ%?hfécilhg%ﬁ%}we@dll‘é@tlg? said

ses a 1low sel eCted from radi

gradin hwd&g; f?ace' Sohtoh SR e o™ ©

thereof. 63. The process of Claim 62, wherein

flow controlled renmoving further conprises nmechani cal
rotation or spin actuation of a surface thereby
r@droVhegreesss ofetlain 42, eheraineoptastiogsfitectson ghanage to said
wherein contacting conprises dripping said reactive

findietisdBeRatat flepostidping) domteurirg), rediringandcomearmtions thereof.
Cl aim 42, wherein contacting conprises directing said
reactive fluid to a focal point on said deposition

material. 66. The process of Claim42, wherein

6r .t ?‘%ipqgcggsf §CERif éébm?eih%ﬁgiiriﬂg comprises selective removal:of a
first material from a first location and selective deposition of said material at-a
second location thereby repairing a member selected from defects, depressions,

holes, divots, disparities, irregularities, or combinations thereof.

68. The process of Claim 66, wherein repairing comprises dissolution of at least
one deposition material-in contact with said reactive fluid whereby changes to
pressure, temperature, or composition of said reactive fluid results in deposition
of said material in at least one second location thereby repairing a member
éelected from defects, depressions, holes, divots, disparities, irregularities, or

combinations thereof.

69. The process of Claim 66, wherein repairing comprises delivering said
reactive fluid containing said material to a defect location thereby repairing said

defect.



material selected from shaping, contouring, repairing,
and conbi nati ons thereof. 67. The process of C ai m 66,
wob@saiT84 epai ri ng conpri ses sel ective renovahpET/aS2005/016779
first material froma first |location and sel ective
deposition of said material at a second | ocation
thereby repairing a nenber selected from defects,
depressions, holes, divots, disparities,
Lrregularities, or conbinatjons thereof. 68. The,
FPodBeprapees af Gilabs, Saunditrin epaMing GriNeds selgstive removal of
di ssolution of at |east one deposition material in
gbleaateonedepositipa matagal area potion thaeead igllavethbe depesition of
pressure, tenperature, or conposition of said reactive
$didirateeialin st leastdapodifferent lodatidal d material in at
| east one second | ocation thereby repairing a nenber
sel ected from defects, depressions, holes, divots,
di sparities, irregularities, or conbinations thereof.
. s | . . . .
08, TR SBeR8E i 2 R ORAAR EFEBHAT Fiepiyoly removin
said naterjal, to a defect |gcation therehy repairing .
S aerBLto 9igedetiune Hapteuily Rt RariN U tinUiB mechanical
repairing conprises selective renoval of at |east one
asyisls of combirationsdhewofa portion thereof fol |l owed by
deposition of said material in at |east one different
| ocation. 7 1. The process of Caim42, wherein
contacting conprises selectively renoving said
TR Theddrob8s2bf CRARI4D REhHER! dbritbétthgsdIEctiRAf FdM6ves a first
fluid, with a nmechani cal assist, or conbinations
Bgﬁ{)ﬁﬁ’ n n?eﬁeri%hs?ﬂhg%escecco%fd c%ﬂsﬂ]fo%a fll fiitdct.
contacting selectively renoves a tirst deposrtion
material | eaving a second deposition material intact.

73. The process of Claim 42, wherein contacting selectively removes said

material step-wise or top-down.

74. The process of Claim 42, wherein removing comprises removing said
material from a layer selected from seed, pattern, feature, or combinations

thereof thereby correcting said layer.

75. The process of Claim 42, wherein removing comprises removing a residue

from a surface.

76. The process of Claim 75, wherein said residue is selected from etch
residues, plasma residues, vapor deposition residues, sputtered deposition

residues, and combinations thereof.
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73. The process of Claim42, wherein contacting
sel ectively renoves said nmaterial step-w se or

wo opsdowsd 74. The process of C aim 42, wherei PCT/US2005/016779
renovi ng conprises renoving said material froma |ayer
selected from seed, pattern, feature, or conbinations
t hereof thereby correcting said layer. 75. The process
of Claim42, wherein renoving conprises renoving a
residue froma surface. 76. The process of Caim75,
viier €he psacebsrdCldin 75s whereintsaitl surimeciscielecied doss
pl asma resi dues, vapor deposition residues, sputtered -
deBaAafdctiihg Sfabess pradedsihgndurfzrics pdepdditsresiirfades, Beposition
process of Claim 75, wherein said surface is sel ected

fél%ﬂ]ﬂ?%ﬁr?&te‘ér EiRAniY diffiSer ﬁl’%%%%%d&lﬁﬁ(f%?@ﬁbstrate surfaces,

deposifion surfaces, “deposition chanber surfaces,

AR SOl SRS AR A0 B b 0 ces, and

deposi ti,on chanber surfaces, and conbi nati ons thereof.
7¢pmibinatigps gafgohbt C aim 77, wherein sai d deposition
chanber surface is a post sem conductor barrier
deposi ti on chanber surface. 79. The process of Caim
42, wherein renoving is froma first surface but not a

SE®.0MHe pioEeszeof CRim e wircpeiasaid tlepbsitiom éBambleesaiface is a post
renmoving is froma first non-nmasked surface adjacent

Zsfzérﬁic%ﬁeea%r%%%@%e?ﬂé%ft%%ha%ﬂersﬂmx_cerocess of Claim

wherei n renoving conprises renoving a first

79. The process of Claim 42, wherein removing is from a first surface but not a

second surface.

80. The process of Claim 42, wherein removing is from a first non-masked

surface adjacent to a second masked surface.

81. The process of Claim 42, wherein removing comprises removing a first
material using a first reactive fluid and removing a second material using a
second reactive fluid in succession thereby effecting step-wise processing of a

composite or layered deposition surface.
82. The process of Claim 42, wherein removing comprises removing at least

one deposition material from a processing pad thereby reconditioning said pad

for reuse.
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material using a first reactive fluid and renoving a

second material using a second reactive fluid in
wGaamsas®BoON t hereby effecting step-w se procesBCHYSWHS/a16779

conposite or |layered deposition surface. 82. The

process of Claim 42, wherein renoving conprises

renovi ng at | east one deposition material froma, . . i

pPAc a4l PIgCAaRiof kAR, MRt $31d Meaevedluid faappligd in conjunction

reuse. 83. The process of C aim42, wherein said

r witbtuseeoffmachianicalagniliation equipmentincaseistswi t h use of

nmechani cal actuation equi pnment or assists. 84. The

process of Claim 42, wherein contacting conprises a

time of up to about 150 m nutes. 85. The process of

Coal MHEZprodbss ef Clelﬁmivﬂger@ﬁ%ritéét%g{ gdé%]égggs %ﬁiéﬁ’e of up to

deposition material froma sem conduc

pr . i.m 42, wherein renoving conprises a
n@ﬁ%@fﬁggﬁgﬁwgé'fron1shaping, contouring, |eveling

pl anari zi ng, cleaning, repairing, polishing,

rendering, and conbi nations thereof. 87. The process

of Claim42, wherein renoving conprises selective .
r 8hovidle rpcess af Giaier42 wherein remeving cpapsises iemioving said
subsequent deposition in a second |ocation. 88. The
pdepesitionmatedanirdid, a sévaicenducnovi ng occurs at rates

up to about 1000 nm nmin. 89. The process of Caim42,

wherei n renoving occurs at rates up to about 100
nm m n. 90. A process for shaping a deposition

M3EE Y protBSs B BRIt RIASteMremoving comprises a member selected

from shaping, contouring, leveling, planarizing, cleaning, repairing, polishing,

rendering, and combinations thereof.
87. The process of Claim 42, wherein removing comprises selective removal of
said material from a first location with subsequent deposition in a second

location.

88. The process of Claim 42, wherein removing occurs at rates up to about 1000

nm/min.

89. The process of Claim 42, wherein removing occurs at rates up to about 100

nm/min.
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providing a densified fluid; intermxing said
densified fluid and at | east one reagent reactive

w0 owanrosd | east one deposition material; and PCT/US2005/016779
contacting said deposition naterial with said reactive
fluid thereby shaping said material. 9 1. The reactive

ui d ' j ' i [ N
Bpr 955 B et Sofodfod ofATH, I fept Opprising:
di oxi de, ethane, ethylene, propane, butane,
sul fur hexaf | uori de, anmonia, nodifiers, or
conbi natiogns thereof. 92. The reactive fluid of O aim
9 1, Rridingadgnsifigguildiders are sel ected from Cq
2-m sci bl e organic solvents, Cg 2-m scible polar
| i qui iderniiziogrsaiy Heasitetiduid and kbleastoneréageyit reactive toward at
nmet hanol , water, and conbi nati ons thereof. 93. The
le@8tbhd Gepbsition dhatEtial; an82, wherein said nodifiers

conprise a concentration of up to about 80 percent by
vol u i i { <k ' . R i
d ai %E%%tﬁcﬁh ?g@?@ﬁsﬁ%&e@gﬁrﬁl (\;\ﬁt‘f’\ rrsblatw;f?éalfwi%s se eegtetéyéshaplng

framoverpburden materials, sem conductor materials,
ﬁ@aépg¥”ﬁgn-netals, organi cs, polyners, and

conmbi nations thereof. 95. The process of Caim90,

wherein said reagent is selected frommneral acids,

fl uori ne-contai ni ng conpounds, hydrofluoric acid and

91 ThegeactivalBuidefédaim 80 guheteinshigsdensifiechuidraomnpyises at least
per oxi des, oxygen-contai ni ng conpounds, chel at es,

606 nfsrhber selbtiedtfrr capbars gioxide, athalt, etingieme,aoropade, butane,
conmbi nations thereof. 96. The process of Caim 95,

YhelrRbRafAiricdantRasih, RIRITRACSH dcinbiRafsRs thereof.

92. The reactive fluid of Claim 91, wherein said modifiers are selected from
CO2-miscible organic solvents, CO,-miscible polar liquids, isopropy! alcohol, n-

alkanols, ethanol, methanol, water, and combinations thereof.

93. The reactive fluid of Claim 92, wherein said modifiers comprise a

concentration of up to about 80 percent by volume in said densified fluid.

94. The process of Claim 90, wherein said deposition material is selected from
overburden materials, semiconductor materials, metals, non-metals, organics,

polymers, and combinations thereof.

95. The process of Claim 90, wherein said reagent is selected from mineral

acids, fluorine-containing compounds, hydrofluoric acid and dilution acids
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conprises a concentration of up to about 30% by
volunme. 97. The process of Caim 95, wherein said

WO e@gamosconpri ses a concentration of up to abpPCt/USHNH16779
vol unme. 98. The process of C aim 95, wherein chel ates
are selected from hexafl uoroacetyl acet onate, EDTA,
sodi um EDTA, 1,10 phenanthroline, oxalic acid,, or
doetsiofargenis adids, @ltanaleminese peiaxidass oxygen-gPhiagng compounds,
wher ei n peroxi des are sel ected from organi c peroxides,
tcheltitys, cdrkodiomperhibiicie,sohdsptintegacidpearoriahia, anticombinations
conbi nations thereof. 100. The process of C aim 95,
WhEFRFN said corrosion inhibitors conprise a
concentration of up to about 5% by volune. 101 . The
process of Claim 90, wherein contacting conprises a
menber sel ected from sprayi ng, dipping, |nmmersing,

e L8 it gl B8 e OB A e s tive Leqgept

conpri ses a nenber sel ected from re Vi ng, contouring,
FloAmRIiSes; s gonsenation Pl upieahaut 8§ % ¥HQFL3V%-9,

renderi ng, nmasking, and conbi nations thereof. 103. The
process of C aim 102, wherein shaping further
conprises rotating or spin-actuating of a surface.

7. THd provepeasTlaim Obawheidad salthengent stvaprisgs Auohientration of
conpri ses using a nechanical pad in a non-abrasive

Y t Fﬁ'% pol i shing or processing of said
ﬁrgfer%l{ 'B%@W e Sr ocess of C aim90, wherein

shapi ng conpri ses renovi ng said

98. The process of Claim 95, wherein chelates are selected from
hexafluoroacetylacetonate, EDTA, sodium EDTA, 1,10 phenanthroline, oxalic

acid, or combinations thereof.

99. The process of Claim 95, wherein peroxides are selected from organic

peroxides, t-butyl alkyl peroxides, hydrogen peroxide, and combinations thereof.

100. The process of Claim 95, wherein said corrosion inhibitors comprise a

concentration of up to about 5% by volume.
101. The process of Claim 90, wherein contacting comprises a member selected

from spraying, dipping, immersing, coating, flowing, wicking, and combinations

thereof.
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material to a first depth with said reactive fluid in
conjunction with use of a nonabrasive nechani cal
w@eIosakiosy or processing of said naterial to pPErER2028016779
said material. 106. The process of Caim 105, wherein
shaping further conprises rotating an actuati ng nenber

a e_the plane of sai terjal thereby generating a

fﬁgér fﬁ"@ OCE?S P 9&}%@0 1&feieghaning CP%“’?'@%% gdne(hen selected
said reactive fluid. 107. The process of C aim 106, .
wheneramewng, corjauring| planarizieg develing; deppsiting atepairing, rendering,
tangential, turbulent, asymmetric, symetric,

gnaikeny, anchzaomigihatipnsatidreafrbi nati ons t hereof. 108. The
process of Cl aim 90, wherein shaping is used in a

sem conduct or chi p manufacturing process. 109. The

process of C aim 90, wherein contacting conprises a

L, ﬁfheuﬁr?‘%g(sj?Bf’éﬁai%%iﬁw%rgﬁlﬁsr%ﬁ)nr%@rﬁ'{g‘?&?@&r{s‘é{'s rotating or

renovi ng ded material, ¢

providing.a densified fluid; intermxing said
d@ﬂ@l’?qtﬂat"?g BFE Sé'ﬁg@cﬁt | east one reagent reactive

toward at | east one inbedded material; and contacting
said i nbedded material with said reactive fluid

thereby renoving at |east a portion of said material.
1104. Tie preaess oECidimn tD4 fwh@rainnshaping urthesiconyarisés using-a
densified fluid conprises at | east one nmenber sel ected

f rgBheald20 padiie sl ith-alBiaeechemhibsl meehamitapsslishing or processing
but ane, sul furhexafl uoride, amonia, nodifiers, or

C8fRARGhLRAR her eof .

105. The process of Claim 90, wherein shaping comprises removing said
material to a first depth with said reactive fluid in conjunction with use of a non-
abrasive mechanical polishing or processing of said material to planarize said

material.

106. The process of Claim 105, wherein shaping further comprises rotating an
actuating member above the plane of said material thereby generating a flow

field for removing said material in contact with said reactive fluid.
107. The process of Claim 106, wherein said flow field is selected from radial,

tangential, turbulent, asymmetric, symmetric, gradient, channeled, and

combinations thereof.
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112. The reactive fluid of daim1l1l, wherein said

nodi fiers are selected from Cg 2-m sci ble organic
wa@eiosanto84 CO2-mi sci bl e polar |iquids, isoproppCT/US2005/016779

al cohol , nal kanol s, ethanol, nethanol, water, and

conbi nations thereof. 113. The reactive fluid of Caim

112, wherein said nodifiers conprise.a concentration .

i08upT hepeisess o6 laiar 9@nvhexein shapiagdiis used i asrEjiePnRA}ICtor chip

fluid.114. The process of Caim 110, wherein said

meameatturimggebeessed from m neral aci ds,

fl uori ne-contai ni ng conpounds, hydrofluoric acid and

di lution acids thereof, organic acids, alkanol ani nes,

per oxi des, oxygen-contai ni ng conmpounds, chel at es,

g@%?ﬁﬁ%’pd&%%@é?ﬂ 9?2@58% BoRtctiRg cBMidEes.a e of up to

at fons thereo The process of Caim 114,

erei,n_.sai d reagent conprises a concentration of up
%%ﬁé@? B vol ume. 116. The process of C aim 114,

wherei n said reagent conprises a concentration of up
to about 5% by volune. 117. The process of Caim 110,
wherein said i nbedded material is selected from

rot0. i tpebsesssforriremovinigdmbedaae enatarial, coprising the steps:
di el ectrics, organo-silane gl asses, polyners,
organics, netals, netal nitrides, netal oxides,
silicon oxides, silicon carbide, and conbi nations

ther edbroy ity a Uemisteadrfg of C aim 110, wherein
removing said material 1s essentially conplete. 119.

The pr, . ' i ' - . t
ot er 1 e T s Ehees GRS & (B et reactive toward a
conbi natjons, thereof.120. The process of Claim 119,
vigaskeene Hﬁtﬁ%q‘iﬁqe@'@?‘?r@]{o%%g is selected from

contacting said imbedded material with said reactive fluid thereby

removing at least a portion of said material.

111. The reactive fluid of Claim 110, wherein said densified fluid comprises at
least one member selected from carbon dioxide, ethane, ethylene, propane,

butane, sulfurhexafluoride, ammonia, modifiers, or combinations thereof.
112. The reactive fluid of Claim 111, wherein said modifiers are selected from
CO,-miscible organic solvents, CO»-miscible polar liquids, isopropyl alcohol, n-

alkanols, ethanol, methanol, water, and combinations thereof.

113. The reactive fluid of Claim 112, wherein said modifiers comprise a

concentration of up to about 80 percent by volume in said densified fluid.
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rate-control l ed, diffusion-controlled,
flowcontrolled, flowfield-controlled,
w@e@seiToBcal | y-control | ed, or conbi nati ons t heP€DiUS2002016779
The process of Caim 110, wherein contacting
conprises altering a surface whereby said reactive
fluid can contact_said material. %122. The, prqcess .of .
d t.nThe DrocaascrdIAI 118, whgraia sgisf iacent ferssleeian g minera
drilling, cutting, breaking, shearing, puncturi ntg, )
eagids,i fhuprinetehitaigingrewhpeundd, Ihydrafhgsiciasid aadglilution acids
conbi nations thereof. 123. The process of Caim 110,
wihersdfnoramicaatids galkanglahtess, peroxidesfoxygehaambaininglédmpounds,
m nutes. 124. A process for renoving deposition
B &hicR! colrBSion ifmBitGRTBhbSHEe a6RRL Afirhdsiadind e8Aibinations
one depbsition material wth a reactive fluid
c&ngrifsi ng a densified fluid and at | east one reagent
r o5t ve toward a deposition material thereby renoving
at least a portion of said material. 125. The reactive
fluid of daim124, wherein said densified fluid
conpri ses at |east one nmenber selected from carbon .
dl tixi Tbe psocesseofl Claiy|1dde whereip Said rangeah epmprises a concentration
sul fur hexaf |l uori de, anmonia, nodifiers, or
cohdp treaboms3a%dyedluhasé. The reactive fluid of Claim
125, wherein said nodifiers are selected from
CO2-m sci bl e organic solvents, Cq 2-m scible polar
l'iquids, isopropyl alcohol, nal kanols, ethanol,

a , i |- . f .
PEA e A o R Bid P colfpoconcentration
conprise a ¢C entration of up to about 80 percent by
v Fp ?hogﬁggﬁﬁﬁﬁgPWpéd fluid. 128. The process of
Claim 124, wherein said deposition material is
sel ected

117. The process of Claim 110, wherein said imbedded material is selected from
non-metals, semi-conductor materials, low-k dielectrics, organo-silane glasses,
polymers, organics, metals, metal nitrides, metal oxides, silicon oxides, silicon

carbide, and combinations thereof.

118. The process of Claim 110, wherein removing said material is essentially

complete.

119. The process of Claim 110, wherein removing said material is partial,

selective, controlled, and combinations thereof.
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fromoverburden materials, netals, non-netals,

sem -conductor materials, |lowk dielectrics,
woe@anornsd | ane gl asses, pol yners, organics, nmePEI/US2005/016779

nitrides, nmetal oxides, silicon oxides, silicon

car bi de, and conbi nations thereof. 129. The process of

d aj 24, wherejn said.at .| east one .reagent.is

WL TER HrPERRTHOIN HIof weR LS SFPBYinrlg selected from

conpounds and aci ds, organic_ acids, al kanol am nes,

craie-soadolled ditlysisn-contPied diow-cpaireliady diew-field-controlled,

oxygen-cont ai ni ng conpounds, grain-boundary adsor bers,

ageometrjcalipdontrotiédatr comsbinatiorsotherd®0. The process of

Cl aim 129, wherein said at | east one reagent conprises

a concentration of up to about 30% by volunme. 131

The process of Caim 129, wherein said at |east one

\r/ ‘Ff_‘@.e %egg&’ér LS EECRIMONTS WHe@éih%n@éctH%héd?nﬁﬁ’éég al?ﬁr@/ a surface

ol une. 1 e process of Claim129, erel n sal

chel at I ec, f £l uor tyl acet onat e,
SRR e BENE M coh SRLREE BRI RRERE Yol C o

and conbi nations thereof. 133. The process of Caim

129, wherein said corrosion inhibitors are sel ected

from benzotri azol es; benzotriazol e;

1122 3Thermrocesnebllaimcladile stherein alteringrigiselected from boring, drilling,
pyrocat echol, catechin, and conbi nati ons thereof. 134.

Thetting obrakingf, sbearing, R hctuvirey, @ixposiagdetohing) shechanically

i nhibitors conprise a concentration of up to about 5%

byenRrinEE and S8mblhdidisapBesofof O ai m 129, wherein said
per oxi dés are sel ected from organi c peroxides, t-butyl

al kyl peroxi des, hydrogen peroxide, and conbi nati ons
t her eof .

123. The process of Claim 110, wherein contacting comprises a time of up to

about 150 minutes.

124. A process for removing deposition material, the steps comprising:

contacting at least one deposition material with a reactive fluid comprising
a densified fluid and at least one reagent reactive toward a deposition material

thereby removing at least a portion of said material.

125. The reactive fluid of Claim 124, wherein said densified fluid comprises at
least one member selected from carbon dioxide, ethane, ethylene, propane,

butane, sulfurhexafluoride, ammonia, modifiers, or combinations thereof.
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136. The process of C aim 124, wherein renoving
conprises chem cal reactions selected from oxidation,

w0 edaatiosh, exchange, associ ation, dissociati oOPCT/US2005/016779
di ssol ution, conplexation, binding, and conbi nations
thereof. 137. The process of Caim 124, wherein
renovi ng said deposition material is essentially
conpl ete. 138. The process of Caim 124, wherein
renovi ng said deposition material is partial,
si26:cThe esadtivetfiuid be6|aimntRs ovisiraiat saih saditiers sire setpcted from
The process of Caim 138, wherein selective renoving
COORMISEBIS Bigamicgpleatts| COatrhisgible pekeeligaidsi isopropyhatcohol, n-
with said reactive fluid. 140. The process of Caim
]eﬁﬁan eétﬁ'aﬂols,"Fﬂ\éﬂééhéﬂ?}g\fa?&%h@%oﬁf!ﬁ?ﬁ’étio’?‘%_sthéfé&.c_t' ng
selective or tfop-down flow of said reactive fluid
across the deposition material or a portion thereof by
di pping or imersing in said reactive fluid. 140. The

G eureptine MGt oAl dpelnotn el GpcliEhe Fofis3 a

flowcontrolled, flowfield-controlled, ) . ,
qeaneentratian of updatabeut 8 pessent biybiakime dn saidh@ensified fuid.
The process of C aim 140, wherein flowcontrolled or
flowfield-controlled renoving conprises flow fields
selected fromradial, tangential, turbulent, |amnar,

apYAMThE infocsssBREIBIG 128! Aierslh safty d@pdditiort hrtadlasl selected
and conbinations thereof. 142. The process of Claim

%‘ %%Zﬁ&ﬂd%n%ﬂ%ﬁr@!}s‘?%&ggﬁ h8hlR&taf. semi-conductor materials, low-k

_ dcontro_ renovi ng furt_er conpri ses
B oA s 08 HOAGHER Rl et A, meta

oxides, silicon oxides, silicon carbide, and combinations thereof.

129. The process of Claim 124, wherein said at least one reagent is selected
from mineral acids, fluorine-containing compounds and acids, organic acids,
alkanolamines, chelates, corrosion inhibitors, peroxides, oxygen-containing

compounds, grain-boundary adsorbers, ammonia, and combinations thereof.

130. The process of Claim 129, wherein said at least one reagent comprises a

concentration of up to about 30% by volume.

131. The process of Claim 129, wherein said at least one reagent comprises a

concentration of up to about 5% by volume.
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143. The process of C aim 140, wherein said
flowcontrolled renoving conprises dripping said

WO e@siimwes fluid on said material. 144. The pr oR€EESWN5/016779
Cl aim 124, wherein contacting conprises directing said
reactive fluid to a focal point on said deposition

b5 adPPrROH ST OLGRT gD, WSETh eI plS e aptg dom
to said materi al sel ected from SQ@SI ng, contouri

r epeafiuioneaceiviaceionpia &0 bhssadiem TA 1,10 phenanthr%lme oxalic

acid, and combinations thereof.

133. The process of Claim 129, wherein said corrosion inhibitors are selected
from benzotriazoles; benzotriazole; 1,2,3-benzotriazole; catechols; éatechol;

pyrocatechol, catechin, and combinations thereof.

134. The process of Claim 133, wherein said corrosion inhibitors comprise a

concentration of up to about 5% by volume.

135. The process of Claim 129, wherein said peroxides are selected from
organic peroxides, t-butyl alkyl peroxides, hydrogen peroxide, and combinations
thereof.

136. The process of Claim 124, wherein removing comprises chemical reactions
selected from oxidation, reduction, exchange, association, dissociation,

dissolution, complexation, binding, and combinations thereof.

137. The process of Claim 124, wherein removing said deposition material is

essentially complete.

138. The process of Claim 124, wherein removing said deposition material is

partial, selective, controlled, and combinations thereof.
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139. The process of Claim 138, wherein selective removing comprises spinning

and rotating a material in contact with said reactive fluid.

140. The process of Claim 138, wherein selective removing comprises effecting
selective or top-down flow of said reactive fluid across the deposition material or

a portion thereof by dipping or immersing in said reactive fluid.

140. The process of Claim 138, wherein controlled removing is selected from
rate-controlled, diffusion-controlled, flow-controlled, flow-field-controlled,

geometrically-controlled, or combinations thereof.

141. The process of Claim 140, wherein flow-controlled or flow-field-controlled
removing comprises flow fields selected from radial, tangential, turbulent,
laminar, asymmetric, symmetric, gradient, dynamic, channeled, and

combinations thereof.

142. The process of Claim 140, wherein said flow-controlled or flow-field-
controlled removing further comprises mechanical rotation or spin actuation of a

surface thereby effecting removal of said material.

143. The process of Claim 140, wherein said flow-controlled removing

comprises dripping said reactive fluid on said material.

144. The process of Claim 124, wherein contacting comprises directing said

reactive fluid to a focal point on said deposition material.
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145. The process of Claim 124, wherein contacting with said reactive fluid
effects a change to said material selected from shaping, contouring, repairing,

and combinations thereof.
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