TI TLE: METHODS FOR PREVENTI NG PRECI PI TATI ON OF ETCH BYPRODUCTS DURI NG AN
ETCH PROCESS ANDY OR A SUBSEQUENT RI NSE PROCESS BACKGROUND OF THE | NVENTI ON
1. Fieldwb2wtmodtsoenti on [0001] This invention general PgTrusk@nes00b®

nmet hods and sol utions for processing a mcroel ectroni c topography and, nore
specifically, to nmethods for preventin recipitation of etch byproducts
onto a TﬁHr%eW@%TH&P%FP&B]Q%%@VTWi GIPIATON QR BT/ or &
subseqURYPRONEE TSIERENG /N érmﬁ) SoANDHERR: SHBSEQUENTOREYSE The

f ol | o BRYOGESSr i pti ons and exanples are not adnmitted to be prior art by
virtue of their inclusion within this section. [0003] The fabrication of

m cr oel ectroni c topographies generally includes a plurality of processing
steps including but not BAOK@EEOUNDS eRosiE IVERETON ni ng, and etching
materials to forma conprTatron of device structures. In some enbodi nents,
conductive structures may be fornmed within a sacrificial |ayer of a

m cr oel ect rqni raphy and then portions or all of the sacrificial

| ayer rgay b%@@i@%ﬁgﬁ?—‘&ﬁremved, exposi ng the sidewalls of the conductive
struct yoger] Theneahi@fion gberfllFFPALLBIMANGdS dh@ROMI BN PR cfRthgd nsed with
dei oni zed water to renove the etching solution and/or byproducts and
subsequeistdelectipiiedopdgnapdiyraed casesspetifieallbt thinadhods fom pravgntingyettapitatiop afg
process may cause the.conducti.ve structyres to collapse (j.e., topple
Povar o et ERiERRiE i BrdehBl tf ot T BsSER Bty fnusan 6. The
occur r egeqéntirBaé ?fd@e@m | apse appears to be increasing, particularly as

wi dt h di nensions of structures continue to decrease and resulti ng aspect
ratios increase with the ever pressing goal to increase processing speed

and nmenpry nsi.ty of.inte t circuits. In particular, it appears that
the aspect ﬁgﬁiﬂ—%%—&—c%%gugh—v@sc oot b RERlcd structures may, in some enbodinents, be

i ncreage@02|0 amheXsIRHing Badcriptibdsae@ ck@mplcd Breafot hiiMHicdSo BEbMBELt b Qirtuc
conductive structures causes the conductive structures to coll apse. [0004]

One t ecHhayuiaclypioshvidas thhesastiehown to nitigate feature collapse is to etch
a sacrifhci.al r.in.an environnment of a supercritical flui nd
suboeqUlhENS v OB s tad e BRSO R R o R RSP ok Rl B g 0 on
t he t opREEaRRY steps MERMEIM RE not IBE&N@' Rbositing, patterning, and etching materials to

form a compilation of device structures. In some embodiments, conductive structures may be

formed within a sacrificial layer of a microelectronic topography and then portions or all of
the sacrificial layer may be subsequently removed, exposing the sidewalls of the conductive
structures. Thereafter, the microelectronic topography may be rinsed with deionized water to
remove the etching solution and/or byproducts and subsequently dried. In some cases, the
etching, rinsing, and/or drying processes may cause the conductive structures to collapse (i.c.,
topple towards each other) rendering the microelectronic topography unusable. The
occurrence of feature collapse appears to be increasing, particularly as width dimensions of
structures continue to decrease and resulting aspect ratios increase with the ever pressing goal
to increase processing speed and memory density of integrated circuits. In particular, it
appears that the aspect ratios of conductive structures may, in some embodiments, be
increased to an extent that surface tension of liquids between the conductive structures causes
the conductive structures to collapse.

[0004] One technique which has been shown to mitigate feature collapse is to etch a
sacrificial layer in an environment of a supercritical fluid and subsequently vent the etch
chamber such that the formation of a liquid on the topography is prevented. In general,

supercritical fluids are void of surface tension. As such, generally no fluids bearing surface



supercritical fluids are void of surface tension. As such, generally no
fluids bearing surfacetension are placed between device structures of a

t opogr aphwocduaroiaegrssuch a process. Consequently, featurePcolusapesmomay be
abat ed. A di sadvantage of etching in an environnent of a supercritical
fluid, however, hat etch byproducts generated during the etch process
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prone to produc ipitant naterial. Howeve in ord ve materi al
pr eci planelt mckonp@m‘tmpdtrmqamg daqnﬂm;entaélyvéfectﬂlnﬁmcmnalypoﬁm tnsumeettede. Ber not ed

above, yi p a m.croelectrqonic top hy havi ng
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of the &huidRe dEOROMudtbreyoul gucht herRbQrsy relﬁ?ovﬁ%"@r@&ﬁﬂeﬁﬁ Uhtdrful ARy 0P

nmet hods for preventing preC|p|ta ion of etch byproducts onto a topography
duri ng desgcdaflrseg @Elhtpl‘d)@SEth@h ngpipoe td poduaf predipitdnt poggraphHowavann

envi ronnent of a r ti.c d. SU RY OF THE | NVE 06] The
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preci pitation of et yproducts on a m croel ectroni c topography The

f ol | owistyctares rrmrleacbweﬁwmeﬁrqpllepwaﬂlerteﬂtesﬁudﬁcmnhomgf thorfluedspl oyi ng such

nodi fi 1. Qns eno be caonstrued,in m 1t the subject
ot or 18posTne e ks beatudinsem & bR Heb Rt hloikdihae |+ oadi ng_ 8
m croel #gd; 1%10%1 JrRRAT BRItk BhE PoPbResS SR RasublRdusttesthme pyrtRinghi ng a

sacrificial |ayer conprising an upper surface of the nlcroelecgronlc

t opogr ayfitlye tepogrgplaninencnveohmenton awhpattriticatfludes a fluid in a supercritica
state or a liquid state. Furthernore, the nethods include introducing a
rinse solution into the process chanber subsequent to the etch process,

where the rinse solution gpMNVIERYDOF THE INVENSI@Ercritical state or in a
liquid state. In sonme casé€S, a chemsiry which 1s chemcally configured to

modi fy [@0@ol vdlic etaﬂktm/@nbmbgvmambn i rgavpirestdressed byomedryingfetahhe

m croel egtronic to nt r oduced o _the proc S8 chanber at
Teast BT TSI ey DAL BEeRBPhy e exeh s pueo T HORR 3f Sebeses such
that t r@p%@%@'oﬁ%@?&%c‘ﬁ%ﬁfcqgﬂfér%@f Fhe following are mere exemplary

embodiments of methods for employing such modifications and are not to be construed in

any way to limit the subject matter of the claims.

[0007] Embodiments of the methods include loading a microelectronic topography into a
process chamber and selectively etching a sacrificial layer comprising an upper surface of the
microelectronic topography using an etch solution which includes a fluid in a supercritical
state or a liquid state. Furthermore, the methods include introducing a rinse solution into the
process chamber subsequent to the etch process, where the rinse solution includes a fluid in a
supercritical state or in a liquid state. In some cases, a chemistry which is chemically
configured to modify dissolved etch byproducts within an ambient environment of the
microelectronic topography may be introduced into the process chamber at least partially
during one or both of the etch and rinse processes such that the dissolved etch byproducts are

inhibited from precipitating onto the topography.



inhibited fromprecipitating onto the topography. BRIEF DESCRI PTI ON OF THE
DRAW NGS [ 0008] O her objects and advantages of the invention wll becone
appar ent wpaniwmemsong the foll ow ng detail ed descri pti orCan$2apoopef er ence
to the acconpanying drawings in which: [0009] Fig. 1 depicts a flowhart of
an exenplary nmethod for processing a ustraLe'I gnd IgglO] Fig. 2 depicts a
pressure -tenperat ur e3sHss DESCRIE LG 22 [ 0011] Wile the

i nventi HS S [ ' fd [ Ve, §:0rns,
Spec 111001 oo REERLI Rl Bt SRR TR ol M oL AP ARG 10
and wi lthe fdlosiimg deaittelsdeserijgmniand dpdmtdferchde tohloudadolnganyicedmivagg,in however ,
that the draw ngs and detail ed description thereto are not intended to
limit tH¥%nvention to the particular formdisclosed, but on the contrary,

the int jion ig§, t i.fi I [ : g ives
falli ng[ggvlégt]hi n%ﬁé%ﬁ@ﬁﬂg‘kﬂmﬁﬁg eg?%?ﬁ@s%lreglggrﬁ{%rﬁ%%? ?ggulgéstﬁag;é? I ned by
t he apdéondd clFai. AricpioksTedprictsiDrdeSER; AR Ohlaokdi dgrim BREMBRRED X ENBODI MENTS

[ 0012] Turning_no o.the draw ngs, exenplary enbodi nents of nethods for

pr event[pﬂ]gl]conéf@ﬂgati‘i: HHentien IoECpiiblaty vwiws f@d@aﬁm Yyl dternaging orgs,

m cr oel : i : r i n t rinse
pr ocessTarLe PPl RABIARTH AUSAh BLyR) BreBFAACRELE R Bhe S PIRRAGR. 1 o0

t hat t he destritedsn detsdr itisaduld ée enderatoed fatvenec dms drei drywingsanddetiited he
flowhart depicted in Fig. 1., In particular., the nmethods _described herein
Ry et tia dharrians nQfisadedp laHb yengpyto the ﬁ)&?wyﬁé forgptirdarcdottiof a
m cr oel i i ng/: i b ch udy rior
o 1 i hacy A e 100 e bl S Sk S AR EERLRE O,
as set Withihthe spimioand sdgieaiflthdpdesant isentgorods deliep by desppesndddpiatmed in Fig. 1
may be optional and, thus, may be omtted fromthe nethods described herein
in sone cases. In general, the term"mcroelectronic topography", as used
herein, my pRfEAILEDDESCRIPARIN G HIE PRIGIHR P EMIBYS[MENS OF
structures uSed to rtorma mcroerectron c device and/or circart. As such,
the ter[@0tdy rduering oow epdgrdaphings cuseplagt crabydistaigef diettiodg fdrgbevicoang on of

a mcroel ectronic devi.ce and/or circuit. A mcroelectronic topography may
al t er ndCP GG Pt T PEIOPOT SN ngogiﬁft_é BHMWO%I%@&P&BHWMME@ such,
the terf.@f folS84nd/bf £EGRANARARAY 168 Tﬁlm iﬁ&%&lg_aﬁa deied h{‘rle?érél&lé 10 Of

Fig. 1, the nethods described herein include | oading a mcroelectronic
t opogr dpyl.i hismaedthaectbs sethvalividescribAd hetesicare betthacessamlydindigtdatb thdoel ow, t he

flowchart depicted in Fig. 1. In particular, the methods described herein may include

=

additional steps not shown in Fig. 1 for the fabrication of a microelectronic device and/or a
circuit, including steps performed prior to, intermediate to, and/or after the steps shown in
Fig. 1. In addition, as set forth in more detail below, some of the processes depicted in Fig. 1
may be optional and, thus, may be omitted from the methods described herein in some cases.
In general, the term “microelectronic topography”, as used herein, may refer to a topography
having one or more layers and/or structures used to form a microelectronic device and/or
circuit. As such, the term may refer to topographies used at any stage during fabrication of a
microelectronic device and/or circuit. A microelectronic topography may alternatively be
referred to as a “semiconductor topography” and, as such, the terms are used interchangeably
herein.

[0013] As shown in block 10 of Fig. 1, the methods described herein include loading a
microelectronic topography into a process chamber. As described in more detail below, the
process chamber may be particularly configured for transposing a fluid introduced into the

chamber into a supercritical state such that the microelectronic topography may be processed



process chanber may be particularly configured for transposing a fluid
introduced into the chanber into a supercritical state such that the

m cr oel ecwoaniomwovmpogr aphy may be processedi n a nmanner WRarais2omoe@at es
feature collapse. In general, any process chanber configured to generate
and wi t hstand sugh pr.essur&s may ge used. Nblre speci fi %al Y, agy process
chanber @¥guUY ’d’htnb‘“g%tﬁ% AtuEe SHEPSS- tIREeasa » BREBDGFESNETPYE O Byred &
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approxi nately 1000 psig nmay be enpl oy Proc chanbers configured to

gener atmsigamaely be sthsblridr fravsppsipg esdor estaithogemey flurdayn bensukeedion[fo0thd] Aft er
the mcroel ectronic topography is | oaded jnto the process, chanber, the

pr ocesSnEhedAss Iy hﬁ&e}rb?%@ B & Brpess Cﬁ%@bﬁr §eRCTg zseﬂnfig_yr%t%ea?faf angln

gener aly it dpr&IHLS bAalg tRhOBERRiMRYly! 100b YHiS rhiyt 6OIHAbNGY. Prbidid in a gas
state into the proceSs chanber. In sone cases, the fluid used to pressurize

t he chabmbenvmynivgured fd gendratdvatd wishssanidd eqeepressyrassledvaver, sedydetusedl y et ch a

| ayer of e m.croelectronic topogra . rocess which i s described in
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Pr €SS Urrgd@citinffed By Detords8@szcis RbRakKn bR KBY il P@h‘l'.d?n boferAdyei ng the fluid
in a gas state into P,he process chanber until a chanber pressure equal to
or gr egtressutiniag peocsstroamaineblde apmduping sflmidinod gashsaté Ingd theqgrodehectmmiter.c al
pressure of the fluid.jis tained. At such a pojnt, the fluid is transposed
Pito s hsgae doesdbe N el lideattics o hefbe S Paboe RuidIGecn iR Falber ot ur o
of the REPRERRCHPAYREN d 1B &I ) mich1d@RDRId BFShrhfhy TR hiocd@twhibh Rel ow in
reference to block™ 14, the selective etch process of the topography is

per f or risdcribsid my mard detiidi belhivah réfsrenee foi tdedkd] 4 tlatsecloembodimpetscthet i cal st at e.
As such, pressurizin he .proce chanber with a .flyid,used to bsequent |y
etch' HECPBEIGH ARy TGARE PRRE famtar Ao Soige Bidhity Tt ERTHIF 3RO ne
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enbodi nents, however, the process chanber nmay be pressurized with a fluid

di f f er emessfurcarhthdiduiflion it/ witiggletessoresd]tbe flinvdas gttanah Atrech epott.aphfiuidFor
Bt e A MR S
I nt r odygbitgs ER@nIRE kg SAL WédcPBed B mbielcBMINREAM BNcfGEARES bMRKaUCHc Pr OCESS.

[0015] Continuing to block 14, a layer of the m croel ectronic topography is
sel ect isglscipve etch process of the topography is performed using a fluid which is in liquid state or

a supercritical state. As such, pressurizing the process chamber with a fluid used to
subsequently etch the topography may offer a manner in which to easily transition the
process chamber from the pressurizing process to the etch process. In other embodiments,
however, the process chamber may be pressurized with a fluid different from the fluid/s used
to selectively etch the topography. For instance, the process chamber may be pressurized
with nitrogen. In such cases, the nitrogen may be flushed from the process chamber upon
introducing the etching solution for the subsequent selective etch process.

[0015] Continuing to block 14, a layer of the microelectronic topography is selectively
etched by use of an etch solution comprising at least one fluid in a liquid state or a
supercritical state. The at least one fluid is a fluid which has (or has the ability to attain)
substantially low surface tension (e.g., less than approximately 30 dynes/cm) or no surface

tension and, thus, is referred to hereinafter as a “low/no surface tension fluid.” As noted



etched by use of an etch solution conprising at least one fluid in a liquid
state or a supercritical state. The at least one fluid is a fluid which has
(or has twe 2atwdodsy to attain) substantially | ow surfaceCransseion2qesg. ,

| ess than approximately 30 dynes/cm or no surface tension and, thus, is

referredto ere fter.a ow no surface tension fl ui As not edbel ow,
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col | apse. The t hods descri bed hereiﬂ,ﬁgfmever are .not necessarily
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etching a Fayer of a mcroelectroni c topography using a [ow no surf ace
t ensi orhofwewed atfemoh nkdegsaridly Bnate fo ¢tohisgaha mq:zeecs‘l,tlcabema‘nnmemf Ih |pa|1t1ucdbr may
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potential to cause t evi ce structures to coll apse e met hods descri bed
her ei n,caboweverantsay diqdids nely rdetmiupenttlxd m@hﬁ@@ttmnbytopogmﬂlyrﬁgnbhedlng the
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process chanber and/or timng for performng the nethods described herein,
it may dodapsdy At anptlonds dbmrlbbﬂ\éeﬂeuwhnwemnrdmsmbrdsirmmmah@ffdctefoyt he etch
solution to hav nam c.critical t which is relat.ively easy to
et ai n pogng MGy iasEPR YoeRaimS e Foad brotiiairen r Tubing flirga

pr essur@)iapeathichyd &itliNcdMilodkie4i3owrdis S dnelds@Hbel MY nHP&RAYBALWPT OCcessi ng
for r|n5|ng t he topography and/or venting the process chanber. As set forth

i n nor d08iEtai | [betdenio @%ﬂlp@pmpiemumlof shctprecmss tlangdst abd/pstmmchgdot hi n t he
process chanber, at t, dur.in ds de cr| herein prior to
Phe vererinBedeSnetRESaRRBRe fStEhar ald e doy S EReR o P VARG g Such,

i n embaghsigntigidio thtitahsdliteon tBWaROa BletrhedmahBOSitRA1 hbidi théﬁ@@reié?fvetyhe etch
process is the sanme as the rinsing and venting processes, a fluid having a

t her nodpsaie astaoy (i€i, bavinpeirelatively low critical temperature and critical pressure)
particularly when the fluid is used during subsequent processing for rinsing the topography
and/or venting the process chamber. As set forth in more detail below, a supercritical
ambient is established within the process chamber at some point during the methods
described herein prior to the venting process described in reference to block 30 of Fig. 1. As
such, in embodiments in which the low/no surface tension fluid used for the etch process is
the same as the rinsing and venting processes, a fluid having a thermodynamic critical point
which is relatively easy to attain may be desirable. Exemplary fluids include but are not
limited to carbon dioxide and sulfur hexafluoride.

[0018] Due to carbon dioxide’s relatively low critical temperature of 31°C, it may be
particularly beneficial to use carbon dioxide as a low/no surface tension fluid to etch the
microelectronic topography in reference to block 14 and, in some cases, also to pressurize the

process chamber in reference to block 12 and/or rinse the topography in reference to block



which is relatively easy to attain nmay be desirable. Exenplary fluids
include but are not limted to carbon dioxide and sul fur hexafl uori de.

[ 0018] Duwwot2oiocmntson di oxide's relatively low critical treruseaboe@df 310C,
it may be particularly beneficial to use carbon dioxide as a | ow no surface
tension fluid to etch the m. croelectronic topography in ference to bl ock
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parti cul ar, sirabl’e to mnirmze the tenperature required for

pr ocesssthagbe) chnyteahinheatd. nGunthecinary, sarborf diogide ihsditivekcihexygpesisc or heat ers
internal to the progess chanbe y be m.nimzed. Fyrthernore, carbon
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for that reason alone It may be desirable to enploy carbon dioxide as a
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supercritical state, which is generally dependent on the pressure and
t enper gbprgramly higebpmoclepsd sthwmrersuparteti¢ab statcAwhiohs's gereral bngepeadent en phase

di agram for carbop di oxide i.s depicted in Fig. 2 to illustrate such a
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solution to etch the mcroel ectroni c topography may be between
appr oxiaxamelayy 8@Qc pEpgssandtoaplprlo dicmaoalsy cldd@r pwiyde pressswred vérdbadiboent s,

th f.th hanmb be b i mately 800
bsi g arbOHD DL BSA0 Herh IBHOL R BORPaDERaE e LERer A Mt o h
sol ut i at YepeSntaBpRhGat-ReR 00 RIORIBHHFRith &t 2RBO RN sbilc 6RBEGmRMACh t he

tenperature of carbon di'oxide Wi thin the process chanber is above its
criti calresserepenget afitee prodssstchasberanayuipebatwedn approxsimatelty 8@ peig eridned, an

exenpl ary range ressure tg whj.ch the ocess .chanber b ressuri zed
may be BUIHUEAC 0B e et oy bR R Pt Berast Ravar A and
nore spRkkdel&abhit to RSN IRBRCOK WRICE ke t2RBOraRTt 8f &FFoAMBL Y TRt 2900
psig. [0020] In general, heating mechanisnms for a process chanmber which is

conf i gureekss chagehve Fseabeva el cuieath smapedhtpreewd uthes agupercetical kate iapfiriosd. mat el y
1900 0% b B RERASHs ASHELEHRSHOo) S SIS A pr oceos
chanberpciRdend@pRIxahhtélyl NOLPIZUANGMPHd|IhAtEl 140004 5iB ah8TRSabsiBcally,
between approximately 1500 psig and approximately 2900 psig.
[0020] In general, heating mechanisms for a process chamber which is configured to
generate and withstand pressures greater than approximately 1000 psig may be complex,
particularly for requirements of high temperatures. Furthermore, the amount of energy
needed to heat a process chamber may generally increase exponentially with temperature
requirements. As such, it may be advantageous, in some embodiments, to minimize the
temperature at which to heat the process chamber to attain a particular state of the low/no
surface tension fluid. For example, when carbon dioxide is used in an etch solution to etch
the topography, it may be advantageous to limit heating the process chamber to a temperature
less than approximately 60°C and, in some embodiments, less than approximately 40°C.
Higher temperatures, however, may be employed. In cases in which carbon dioxide is be

used in a liquid state in an etch solution to etch a layer of a microelectronic topography, it



requi renents. As such, it may be advantageous, in sone enbodi nents, to
mnimze the tenperature at which to heat the process chanber to attain a
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process chamber.
[0022] In general, the microelectronic topographies which may be considered for the
methods described herein may include a semiconductor substrate such as a monocrystalline
silicon, gallium-arsenic, indium phosphide, silicon-germanium, silicon-on-insulator, or
silicon-on-sapphire substrate. The semiconductor substrate may be doped either n-type or p-
type and, in some embodiments, diffusion regions and/or isolation regions may be formed
therein. In some cases, the microelectronic topography may include structures and layers
formed upon and above the semiconductor substrate and below the device structures and
sacrificial layer described below. The structures and layers formed upon and above the
semiconductor substrate may include, but are not limited to, dielectric layers, metallization
layers, gate structures, contact structures, vias, or local interconnect wires.

[0023] As set forth below, the methods described herein may be particularly applicable to

microelectronic topographies having device structures encased within a sacrificial layer. In
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As noted above, a mcroelectronic topography considered for the methods
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the device structures may be between approximately 10 nm and
structures may be between approximately 10 nm and approximately 250 nm and exemplary
spacings between the device structures may be between approximately 10 nm and
approximately 100 nm. Widths and/or spacings of other dimensions, however, may be
considered, particularly as technology develops to decrease device dimensions. Although not
necessarily so limited, the device structures may, in some embodiments, be formed by a
damascene process. In particular, the material of the device structures may be deposited
within trenches of a sacrificial layer and the topography may be subsequently polished to
remove portions of the device structure material on the upper surface of the sacrificial layer.
[0025] In general, the sacrificial layer may include any material which may be selectively
removed relative to the material of the device structures. Exemplary materials for the
sacrificial layer include but are not limited to silicon dioxide (Si0,), tetraorthosilicate glass
(TEOS), silicon oxynitride (SiOxNy(H,)), silicon dioxide/silicon nitride/silicon dioxide

(ONO) or, in general, any oxide layer. The term “oxide layer,” as used herein, may generally
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m cr oeltgggél%@ ctc@RREsaphy (i.e., the portions of the sacrificial layer not
inthe vicinity of the device structures) may be masked for the selective
etch prl88%Hs. Asnoted in block 16, the methods described herein may, in some embodiments,
include venting the process chamber at approximately the same rate as the etch solution is
introduced into the chamber. Such simultancous processes may be dually referred to as a
“flow-through process” and includes introducing a fresh composition of the etch solution into
the process chamber while simultaneously venting the chamber. The phrase “fresh
composition” may generally refer to an etch solution which has not been previously
processed through the process chamber and, thus, excludes recycled etch solutions. A flow-
through process introducing a fresh composition of an etch solution advantageously allows
byproducts resulting from the etch process to be efficiently removed from the process
chamber. Since the byproducts will not linger within the process chamber, they will be less
likely to precipitate onto the microelectronic topography. It is noted by the dotted line
connecting blocks 14 and 16 as well as the dotted line bordering block 16, the venting

process is optional and, thus, in some cases, may be omitted from the methods described
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surface tension fluid used in the etch solution. In other cases,
between the etch solution and rinse solution may facilitate a smooth transition from the etch
process to the rinse process, particularly in embodiments in which the etch process includes a
flow-through process as discussed above in reference to block 16 of Fig. 1. More
specifically, the etch process may terminate by ceasing the introduction of any additional etch
chemistries to the process chamber (i.e., chemistries introduced in addition to the low/no
surface tension fluid) and, thus, the rinse process may start with the continued introduction of
the low/no surface tension fluid into the process chamber. Alternatively, the start of the rinse
process may be delayed from the termination of the etch process.
[0030] In any case, in order to ease the complexities of the process chamber and/or
timing for performing the methods described herein, it may be advantageous in some
embodiments for the low/no surface tension fluid of the rinse solution to have a

thermodynamic critical point which is relatively easy to attain (i.e., having a relatively low

critical temperature and critical pressure). In particular, as set forth in more detail below, a
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altered during the rinse process). In alternative cases, the Tinse process

may enpheyging i gorwositian of # fissessutidniseodusedintathegrgcess chamber (c.g., by

gradually changing the concentration of a low/no surface tension fluid in the solution). In
this manner, the surface tension of fluids in the environment of the microelectronic
topography may be changed in a linear fashion as opposed to a graduated manner. In
particular, a gradual change in concentration of the low/no surface tension fluid introduced
into the process chamber as the rinse process progresses may advantageously allow the rinse
solution within the process chamber to be substantially homogeneous and, thus, distinct
interfaces of different rinse formulations may be avoided, which as described in more detail
below may aid in preventing feature collapse particularly when the low/no surface tension of
the rinse solution is in a liquid state.

[0032] In either case, the rinse formulation/s may, in some embodiments, be configured
to increase the concentration of the low/no surface tension fluid introduced into the process

as the rinse process progresses. In particular, a step-wise or gradual increase in concentration
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conposiditdhlogynoysyrfage gengion dhuid itroduceg dBiodhe ProcesschaMPer s ARSI ARYRESS (e. g. |
by gra j I  F At f : ace: i | ui d
T The TeapceE Ay Hafalelf ABNEEMAG IR0 e DS WIARF I 908 B0l
envi r orfirent araf tht hecossarfestablithingmi purt apbgmaphy lovayo befokanged inda 41 near

fashion as q sed to.a graduated nner. | articular, a gradual change
in coné@ﬁ?rfgﬁgﬁﬁtaéﬁowt%@ﬁ183&?% B ded vidhonu isueed ot sHCEE | nt o ¢ he
proc esﬁ)r{%&%&bﬁ"is foted Eh%th{hb Iﬁﬁﬁlbglr SohRE f&hﬁﬂér;bﬁ% SRrdMRYeAHNARE 29&9 l'y allow

the rinse solution wthin the process chanber to be substantially
honogembhembeanaly ge¢rdrwdly dbipsid orctheidasien spardscatbndofithe fabntatrannsecdsormd)| at i ons
may be avoi ded, which as described in nore detail below may aid in

prevepﬁ anF@é@EW@nﬁﬁiﬂﬁﬁﬁguﬁﬁryicuIarly when the | ow no surface tension of
the ringg3fHo! UtdsORtddSabble, dhd hﬁ’dé'dsghﬁifoﬁfrﬁay bi[lglgégldditri‘o&:ljtsﬁ&ﬁi_st‘fi%gze.,t he rinse

formul ation/s nmay, 1 n some enbodi nents, "be configured to 1 ncrease the
concentaoatpooentpdthehihah dw/ lnw/muutfacetensns flonl) f Tusang case dudhedditivnel t he

process . as.the rinse.process progresses. In particular, a.step-w se or
Or adual FRETRSEE HA LB RBEF Pl AR F1r8 bopbdie e Besriangs offo i o
| nt 1 0dYaRbl M BnichEpdATSS Fof IRTREE (RSridl8ofiBA tud) RHEBAAIPROGEESIES: MY

facilitate an easy transition between the rinse process outlined in block
18 of Rngre pblaandsdatynoed sathahe &st/ab birsdvicignseonpiiri aandticé mt blotk 32.1 bw/ no

S b, A S O BT L
number ofarth AR LOLIURLIBE ot HAMIFEILRbABRPIAS 6% LRARBRY WRL

generally depend on the design specifications of the fabricatioh process
and, t hnesdensaynd aroyslakregr Gippl flugher redecing GOB3plupdityot edombelve, t he rinse

solution may i nclude additional ,chem stries (i.e,,, comohents other than
She | oBobnite et PeRern P rS P aaT AR drapfiod SRR BERGRER gl Tover

chem sty gfénemy g PreiPRYIBO KhRG hbRQuve tnabitdiesO Vit QIKGHRy bl Qh _
precipitating onto the mcroel ectronic topography. For instance, the rinse

sol ut i opcereymapbdé trwadabgd, and thetdorgne teodenvyrte sgbtendensesdsicreesadsthraugb theni t h t he
tension fluid

by pr oaueh LefanerEPeRSF B etir R e aBegoRE 7 Ta uhB Whistih il e

?gkg;n?g@?gﬁggﬁfﬁgﬁgg%%g&ﬁQYﬁkdn@@ﬁ@hQf&&ﬂh%ﬁﬁe%bﬁﬁc&%ﬂkﬁﬁuﬁw§ﬂﬁﬂNwﬂﬁve a
surface tension fluid increases the polarity of the fluid such that it is a better solvent for
dissolved etch byproducts. The concentration of the one or more polar cosolvents within the
rinse solution may vary among applications, but an exemplary concentration range may be
between approximately 5% and approximately 40%, by weight. Larger or smaller
concentrations, however, may be considered. The one or more polar cosolvents may include
acids, polar alcohols, and/or water as noted in block 22.
[0034] In cases in which the polar cosolvents include an acid, an acid having a pKa lower
than a pKa of the etch solution used in the etch process described in reference to block 14
may be advantageous. In particular, an acid having such a pKa value may offer sufficient
polarity to the low/no surface tension fluid to inhibit initial condensation of dissolved etch
precursors. Exemplary pKa ranges from which to select an acid may depend on the

application, but acids having pKa’s less than approximately 6.4 and, in some cases, less than

approximately 3.5 may be of particular consideration relative to the etch solutions described
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and crosslink over time, further reducing their solubility in a non-polar
envi ronnent. For instance, dissolved oxide precursors generated from

et chi ng amoaxiodmoisayer are generally pol ar protic speci esTwseal/ogoobs bi t
such tendencies. The solubility of such species may be increased, and

therefore, a tendency to self condense, decreased thrqugh the addition of
one or A8 %?HCE&BHOQ]@AESE??WPIH’Q’ e Wyl may Hgcppsideipd B densi on 1 ui d

used i nyipfgrohédiRG R, ﬁ&fﬁﬁ21ci|d(k),\r,\}iiﬂﬁ&roiaﬁ1${h%esuﬁﬂﬁicia@f&ll Tﬁg;ﬂﬁﬁsﬂfon&rﬂ%id%[ ror e

pol ar cosolvents wt no surface tension f i ncreases the

pol ar i thenodic tbids, flitvicacslualifurtvaicid, tnd Bydrodidotiescid.olnvatditidnaor attesmolaled et ch

byproducts. The concentration of the one or more polar cosolvents. wthin

the ri n%aéer_slam?? By, e O R AP fgdor s &@Ppﬂaﬁﬁmon

concents 3L A} 4Nt TBYol Pt REAUERE, BRPHOKIHIRIR! dorath-aRth BPREREBLELY 40%
t. Large s, h

by weig or smaller concentrati owever, may be consi dered.
The oneéyonalmmg thipddhydratios procest lsssthgrmadghardealhy fayerabpollantlalr cohol s, and/ or

wat er as .noted in block 22. 034] .In cases .in ich the pol ar,cosol vents
i ncl udeTHPIHRTHS: t%%oraecqrdﬂq{sv% C%JO,!)‘;@&@ i rue%?émﬁﬂléwﬁ Roias A 8 sol ut i on
used | rhlt*eﬂﬁti%l? ri‘nd%cfécaﬁﬁcﬂardﬁ&ﬁ{ol,%% %Srbﬁ{t aberBNEL o AethhiRf KetldholBYd be

advant ageous. In particular, an aci avi ng such a pKa value may offer
suf fi cilsopropobhrity to the |l ow no surface tension fluid to inhibit initial

conden {an of dissal yed ch _precursor.s. enpl ary pKa ranges from which
to sel APl advofin skt BT Rethppliv et PR Jeas RAUTHpRa: <
l'ess t hﬁl’ﬁbﬁ@lﬁ’éﬁ%&i?ﬁé@dn%f@i& Bpfoducl c2@Mhe GReRRIcchESS tdfdRMpRP RIS haREE!I Y 3.5
may be of particular consideration relative to the etch solutions

descri hbdabwig configeingrteneteh saubdroaid/drthe BExenypleron taoiadisfywhisolyedeichbe
considered jncluyde trifluproacetic.acid, acetic acids,

CoTE] o B et CRGBRES Wk i nDianRE R Ioafy s8Svnbumatectsel e, nitric
aci d, sildf Mob&s %iyq)e_aﬁﬁgd %Mgalfspﬁaﬁjti%}i &m?rfg' &hd in%oﬁ%a%éis?ﬂ'uﬂﬁ{g A dgrdativel y,

water may be mxed with the | ow no surface tension uid for the rinse

sol ut i alwration d@dt pi- bethtod theeateh prgcess and thelranse pawessy suvh, thatdbesolwulityalfso hel p
prevent, condensat,i gn. af etch byproducis ki.ng this.dehydration.process
Fecs t Haf ROBSHRRFLS i norSbor anieh S frbenest ERobaTreniaic RECBRY Sior o
pol ar aRselcN and/er Hﬁsetﬂ?gcefsédﬂ%s&é{i%l%rp MhtB@YtiGAH the SRRLYYro@lictahi@rimgt i vel y
include a polar alcohol, such as but not limted to nethanol, ethanol, and
i sopr opaedificatjon@bshisty widtdedrease thtiotdadedyi tn cFidpnsd andaprecigiite poteathe or

ner._in whic

o DL TS o okl O P BRI ST RERRO L

et ch sahudldr ois @ RIns ol Vary 8RoS@hplic@odsObiRd ick¥mpliaBs @in¢ektrod Range
may include up to approximately 10%, by weight. Larger concentrations, however, may be
considered. The interaction between the chemistry and the etch byproducts may be covalent
or non-covalent.
[0036] For example, in cases in which an oxide layer of a microelectronic topography is
etched using the methods described herein, dissolved oxide etch byproducts, such as
dissolved hydroxy silane complexes (Si(OH)4) may reside within an ambient of the
microelectronic topography during the etch process and, in some cases, the rinse process. As
noted below, dissolved hydroxy silane complexes (Si(OH)4) may result from a fluorine-based
etch process used to etch an oxide layer. However, modification chemistries may be added to
the ambient of the microelectronic topography during the etch process and/or rinse process to
modify the dissolved hydroxy silane complexes, specifically to inhibit their condensation and
precipitation. Exemplary modification chemistries may include, but are not limited to,

silazanes, chlorosilanes, hydroxysilanes, alkoxysilanes, thionyl chlorides, acid anhydrides,
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byproducts. In particular, chemstry that is configured to nodify known
byproducts of the etch process nmay be added at |east partially during and,
in sone caeeasio/™orsbng an entire duration of one or bot hprofi/ush@o@r@bs pr ocess
and the rinse process, such that the solubility of the etch byproducts is

i ncreased within an anbient of the m ¢roel ectyonic topography during the
etch arfaﬂwx f ACES: posraekesamings patRenyp palty, ﬁ{cgﬁ%ﬁﬂeﬁss i %é_ctéfﬂéh In
bypr odugt s Widsha&idd, 82008t {drfRls 'cﬁeglygn&gfgaa@fer A dWd td fagﬁl@e{t@al%%{]d;l%h rmﬁhendency to

condense and precipitate onto t ectroni c topograp The
concenthydtaxyrsilefic. t Ineddvdn fto detmedificdtem chtmystrw Haking atrb&ctet phrtamdisor ri nse

sol utiops y vary anpng.applications,. but an exenpl ary concentration range
may i nciedE 696%%95 afﬁgf?@%l%ﬁ&rew 1OSBNHY) oG RICUVE RPHION Ry fORBITS & WN s,

howevery, i REABNRY AeTRJow/MGuHRALELAGH ﬁﬂid%&&"?cﬁg%% éét?h ]ﬁ_ltb%gé's%hﬁbér and the

etch byproducts may be coval ent or non-coval ent. | or exanple, in
cases immsweipiachssarExexripitey hay-ecacofc pomioos melude hydnocabowyp dgompinpons aed ched

using the methods described herei.n, dissolved oxide etch byproducts, such
e 0P scufeoBe HyapBiy e Breovarh skedtiparuuy Sedrl Fuky s Rhenbsip an

ambi enty, Ofent REiGL £ 00k 868dRBItlont OPOgraphy during the etch process and, in
sone cases, the rinse process. As noted bel ow, dissolved hydroxy sil ane

conpl eX@837]Si ( GHhonre crmys, ntasay be paroenlarly hdiantagesusds edtimizehthgpr ocess used to
etch an, oxi de | ayer. wever, nodification chem stries be added .to the
bl enthGoKRER e b BSOS ROBUUPARG 0 ot e L HoBH BB il or
rinse pfyReRREts! T PRALEN:, bBEmiSS Al VRIMBY M LKYs Sid 1BR&IE QTR|E8¥SSion may
specifically to inhibit their condensation and precipitation. Exenplary
nmodi f i cenerty olsmige theedfferhyenencdfitie modificaporechmotisty twi inkidhittbyprasiuttazanes,

chl orosi | anes, hydr.oxysil anes, al koxysil.anes, thionyl chlorides, acid
o P Eop Do B T it ISRt eptoR e s ek S o .
et her s gy SUcliACh AR ctbiNbRATRUCEARES be AR Tor BRRAS: QlaxEd A catal yst s

may be added to facilitate the reaction wth hydroxy silane. In addition to
t he nodibfdresitanenmein berthetmydymamicadly davasalde fargcqoing ivoth laslrakesslenbed above,

the chem str al s ont ain non-reactive.portion that nt ai Nns groups
o 1 aci PIFLE cop Gt ey aneies AL hedbibrsfet - SbuReiohsfG e REe@s T or ¢ he
etch praegseryans & bdneNSil. FRGRIshce BX AR & Whithr I RAGhIcK®xRRIbh@fSod AC! ude
hydr ocar bons, fl'uorocarbons, and silicones. In sone cases, the non-reactive

por t i ord0Reymbeafetieciched ina biitek praseure wesshle thetredlpr gameedrationypfidosgived | ane
S MR N A S A
nodi f i GAbdiflatfoAQKESEsiy vilttn efeCdich solution and/or rinse solution may be greater than
approximately 0.1 M in order to provide sufficient kinetic interaction between the chemistry
and etch byproducts such that the etch byproducts do not precipitate. In addition, employing
a flow-through process for the etch process and/or rinse process (such as described above for
the etch process in reference to block 16) may also be kinetically favorable by sweeping
away etch byproducts from the substrate surface as it is formed and decreasing its localized
and absolute concentration in the ambient of the microelectronic topography.
[0038] In addition to using modification chemistry that is highly reactive with the etch
byproducts, it is further beneficial that the modification chemistry not be reactive with itself.
If, however, self-reactive chemistry is used, it is preferred that monfunctional modification
chemistry is used so that only dimers are formed. For example, modification chemistry that
contains alkoxy silane functionality would likely be suitably reactive with hydroxy silane
groups, but will also self-condense. Dialkoxy and trialkoxy silanes that contain more than

one self-condensable functionality per molecule will likely lead to oligomer formation and/or
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byproducts. In particular, optimzing the thernodynam cs and ki netics of
the reaction may generally maxim ze the effectiveness of the nodification
chem st rywoaoioied1sot byproduct precipitation. To inprovecrhs2aleeewslynan cs
of the interaction, functional groups that are highly reactive with the
etch byproducts may he For instance, silazanes. and ch or05|lanes may
be ther%aw%ﬁﬁ élé%qewaé gBﬂ%C%‘Fe P %Jemt%lan?ﬁ%ﬁWb% %"i’ Pa A RSnpl exes.

To faV%nsﬁ&l?ﬂ&ki”%bx%?or@fwﬂ&g;sir@teaﬁ%@% %{%’or%lrﬁﬂla%blff'r%ﬁtve FOARRAGON

modi fi cation chem stry nma For 1 nstance, 1 n cases in which a
1 nmm t hohekisooyiid éhecarett saiglcnrmaheﬁﬂsermﬂuﬁ@hgmon&lbd@bﬂ@es wikh bd ptaftresd pressure
oxi de shoul d.be approxi mately

vessel,. the r cqoncentrati n of |ssolve
0.01 MYCF#PSg %fa]aﬂe gk fhat are g ﬂffqogfi?%ﬁﬂm repH{ionhghidistllt i on
chem sty f iylﬁblﬁ@qn %eclhw%m stﬁ&faeélteagﬁ% Auid. ! ﬂﬁ&laﬁf@am@m@ry%; t@r eater

than approximately 0 Min order to provide sufficient” kihe I nteraction
betmeenmkhembhenwdmdmymmmﬂgmﬁhmhy@aﬁdmcmé‘&USmmnMaMOuhémﬁmshwgymroducts do
not precipitate. In addition, enploying a fl owthrough process for the etch
proces"aRUFGr rinse process (such as described above for the etch process

In refgpgsue tahaekad@) of By 6‘%189etléﬁ i‘ddﬁ@is'o%'ﬂ%nh@‘ﬁ%e@@t&l ﬂ}b{ce%g"ﬁﬁp' ng

away etch byproduX?s fromthe substrate surface as 1t 1s fornmed and
decr easaongenttosall ooissing dreqndnatbsmhdﬂme endpentpitateiono @ midrheegtnpiient of t he
ddltlon to usin nDdlflc i on

nlcroelectro icto h 03
Chers ctpiedamy s ePRAEE PIOY . AIRTEN fiertaiine biiiors giehaad FBSV ib SRtk | ner

benef'Qb%kmk@@@aﬁ&@?HB?%E%ﬁﬁ&kBEtﬁ@%ﬂkﬁﬁﬁgaﬂﬁ%nﬁﬁoﬁ§ﬁfﬁk¥$nﬂﬁ&fbﬂ&ﬁﬁ%f If,
however, self-reactive chemstry IS used preferred that

monf unoatcvlobmnlrodmch, fticastedthacthemebaods descrﬂ:sédie@m arhapt mwlluyltcti ners are

formed. For exanple, nodific on, ch nlst t hat cont S il ane
funct| AU GOGFEETH] BB LEMeARTGE RS T BISACC 1D PTG e or oups,
but  wi |\Lelﬁi§&oeﬂﬁeié alkRBARR %ﬁnb@h?Ieﬂéﬁéyfpl%ﬂgcttﬂréc%l%)i n$dyl b"érh%%h&hﬁ‘)tpr@%rt ain
nore than one sel f-condensabl e Tunctionality per nolecule wll Iikely |ead

to oli gmﬂceplta‘t@nrdtetcmpr@chmxsmf@nmssmpomﬂ(@d dspdndmegson thatchavktibn tusddeandhance of
fluid. Therefare, when

mai ntai pin ubility i rface, tensi

Tai o e BSu2R] Shapdsionidh i fvudtredien F5RnbERR Ak pofSidie e ¢ ho
et ch sqbiehdrRR tPblotie1 6, DOSMISD! dit h&hecERNIF kauM) &NBS WMIh balkieulRf gher r ed
because the silane dinmers that are formed from their seif-condensation

react i onetbbdrdedergieidiheramnimay amplayoinytsiohibination of iech| fyogasses supfinees efensh on
ECAE TR IRCE TN SRR A R R SRR
expl angpoqu) of IAY 004k BScLEEN pRICERUSIFS iPfendratddURTdnB @ BRSRth Bf-FlddREQCESS i N
regardless of the fluoride-based etch chemistry used. SiF4 reacts quickly with water to form a
hydroxy silane complex (Si(OH)4) as outlined in Formula 1:
SiF, + 4H,0 — Si(OH)s + 4 HF (1)
[0041] Due to its limited solubility in a non-polar environment, a hydroxy silane complex
will begin to condense with other hydroxy silanes to form a silane oligomer (i.e., (HO)3Si-O-
Si(OH);) as denoted in Formula 2:
Si(OH); + Si(OH); — (HO);Si-O-Si(OH); (2)
[0042] The silane oligomers have the potential to continue to condense to reform oxide
(i.e., (Si-O),) and precipitate out of solution as denoted in Formula 3:
(HO);S1-O-Si(OH); + n(HO);Si-O-Si(OH); = (Si-0), + nH,0 3)
[0043] The process and/or solution modifications discussed in reference to blocks 16, 20

and 22, however, have shown to inhibit condensation and precipitation of oxide etch
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conventional processing are prone to condense and precipitate onto a

m cr oel ectroni c topography is outlined below Although the solution

vari ati orwodnmoesmed above in reference to bl ocks 20 anaCZarsowy/obmo3
applicable to preventing condensation and precipitation of oxide etch
byprodyct s is noted that the nethods described herein are not so
linite yprwuﬁfémr&lﬁr%f ctrppis topagEaPhes dyHag atli sypeqygat ﬁo&é‘ﬁl‘ﬁﬁ deiged in
refere (% bl ocks 20 and 22 (as well as block 16 above) for inhibiting
et ch byproduct precipitation nmay be applied to prevent precipitation of
et ch pr[ot4d]t s @fs nayd abonpaks ttcloprocdapadt iy e pheecet by, Swbarhe casesided and
the material conposition of the |ayer being etched. Furthernmpre, the

pr oces s@adufitecyasRuidh i phavid sRE- 118 Spetbearss, 1BMna ofgag oy Mogy dapgs may

necess %fnlabﬁ Lﬁ;aw?é InYer§A&dthbaie vtegoérgprgﬁ%ﬁﬂoﬁﬂalag detib& &%E&?&Sdu%g Ghiiged herein

may enploy a nbi nat 1 on of cesses or any one of processes,
dependi snlgserqnenth@ thtees¢ hgamdapemist poatisonsAohotethebdabductatthosurfaco tans®n off 0040]

In an qxid Iayer etch process, SiFE is generated as one of the etch
by- pr 03 hegSnpEE D in sR@e £ B?W&F@t%a%aa}&%lcéﬁmtgﬁs e@éa@se Si F

reacts ﬂié'rﬁé‘thbfds%e%&%th%felﬁ Qm(w%"vé? de?é( Qﬁ&f%tr%h&rﬁgleeff’e%m(y%&p&& @ 4) as
outlined in Formula 1: SI(OH)4 + H- (1) [0041] Due to

its li nn;cmztle;:urbmbnd)pctgyaphyy taarsequepod cafrpremss stopsrwhich ishibiy fhratuey cslild,pame conpl ex
e Y A A A S R
(HO) 3SipbXsyi ( Or) 3ddidn {oocﬁélgéquyi& o?t‘s{eﬁﬁ‘ %uﬂPﬂnch 9{1@6& @@3@ 611'%%291%1‘9&%@%'[ 0

contlnue to condense to reform oxide (i , (SI-0n) d precipitate out of
sol ut i dn paweoeivatuededllapseas hukep3he d€vHE) ﬂﬁnm@sﬁubﬂei)g’ed +v1ﬁ1@ﬂ-l®)113$s p@»iSpb( OH) 3

r Si - + nH20 043 rocess an r ti.on nodifications
1 L ossbsiipt Simstitticn A BB TB 1o cssd combago U AR S i onn Lo
i nhi bit r@é&ﬂﬁ@ﬁ‘ﬁﬁ b%eﬁﬂﬂe ik RLAAiE %oglfapﬁff e &E&Q&Y&& GﬂHﬁé andPbr

m cr oel ect roni ¢ topographi es during and subsequent to an oOxi de etching
p r oc es re{ado Mlceﬂsrunmr@obfatbeamec;ro¢lh®r0@mccﬂwppgr@plgs&omr’tﬁingrexph®drto nyefgnacess

R S LN RN TR T WY T
t opogr gkt S0k QW awlewstﬁﬁwr@@@on%hﬁyﬂlﬁer%&secterg RGRNEHIBS 0B HRSHAMYTt to the
etch and/or rinse processes. As noted above, due to the surface tension of
| i qui dsypptdxematelyiint er gragter)i micstwrl enbodinmyrasse Gaisestrittereddy calkapse r uct ur es
to col lparpo% % a topography drying. More specifically, it is hypothesized that, in some

embodiments, the mere exposure of the device structures to a liquid-gas interface or a liquid-

liquid interface may increase the likelihood of feature collapse. As such, allowing a

microelectronic topography to prematurely dry out may not be the only factor contributing to

feature collapse.

[0046] The amount of liquid needed to submerge device structures of a microelectronic

topography may generally vary among applications. In some embodiments, however, it may

be particularly advantageous for the upper surfaces of the device structures to be below a

liquid-gas interface by at least approximately 3 mm and, in some cases, between

approximately 3 mm and approximately 25 mm and, more specifically, between

approximately 5 mm and approximately 12 mm. Without being bound to theory, it is

hypothesized that such a submersion range may be sufficient to prevent the microelectronic

topography from drying and/or devices structures thereon from being exposed prior to

establishing a supercritical ambient within the process chamber. In some cases, however,

smaller submerging buffers may be considered. In some embodiments, the etch and/or rinse
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The net hods descri bed herein, however, avoid such detrinental effects by
exposi ng the mcroel ectronic topography to a sequence of process steps

whi ch i nhwbi2b10ietsar e col | apse, which is outlined in bl echas2¢io®®003 Fig. 1
and described in nnre detail below [0045] In addition to the sequence of
steps outlined in 4- 30, one nn in which to prevent feature

col | apsséhit@n% 61%(@86 H@nél@wr@@e@@lﬂ wehiegrget equet ﬂm*@twin i gquts%r. or to

est abl nfcglw&t&fa%y RESAE u&%e@hn?cmb@@ﬁa &ﬁ&@él%ﬁoﬁ& te?&g“ﬁ@@f o Rlar! the

particu such a precaution nay prevent the mc I c topography
f r om pregehedndralrinse sglutionsanal/, on sqmesebddiients cieclstle b atateras whichtihaeases the

m croel gctronic top phy. f.rom bei ng exposed to i terfaCIaI tensi on of
di f er SHPCRERR rcqsto?ﬁgetwesﬂ%%wgl %Sﬁeﬂlrfx an daygias %f&é%hor#gge%ﬁkeq e to
decr easg 3pde RREGEs e&?nﬁéﬁ‘{h G IﬁEsre'dEé of a?ﬁuﬁqﬂta's{}ﬁk%ﬁﬁ%a! ngfease (e.

bho
aspect ratios on the o% ? approximately 20:1 or greate |nterfa0|al
t ensi orf0043] caMsendednmﬁssmnmghgnbswbenu@hknpmhqmdummﬁmﬁmﬂynﬂpogwap&y

dryin |f|c Ly, it is h t hesi z t hat, .in some.enbodi ments,
t he rrgrfBP/&? dafcrﬁﬁﬁé’ﬁ Y@&fﬁs@eﬁwdémﬁyqﬁe@a S0V R addingo, ' o
li qui dlthaeﬂcﬁi soI0ti6H 51?(9&1‘1‘1?%sbfﬁl%ﬁ?&@letnlﬁ@ro'elek%ﬁl@gﬁﬂ%g%ph&“s‘é‘éﬂ%‘h@t1 lla apse. As

such, allowm ng a mcroel ectronic topograph dry out may not
be the formylafiarstaos ateolRvelibelow thg upperfsedhursef tul dapsestruftd®i6Mahe anount of

| i quid nee to.s e devi ures of m croel ectroni c topography
- gernBraly v i tamarie ighs B oRd el B SpRio b AR R aU s Tty
be par tdrféﬁlo@ﬁbﬁﬁc@gﬁ%r@gﬁgy Pe Egﬁos&ﬂﬁrlb'tpt@%"staﬁlﬂghfl@g:%arﬁlgleﬁm adsﬁﬁét‘éﬁtlcal
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necessarily required, but rather is presented as an optional course of action for the etch
process and/or rinse process described herein.
[0048] As noted above and in block 26 of Fig. 1, the method includes providing a heated
environment within the process chamber at some point in the sequence of processes outlined
in blocks 10-30 of Fig. 1 such that the low/no surface tension fluid within the process
chamber at block 30 is at or above its critical temperature for the venting process described
relative thereto. In this manner, the low/no surface tension fluid in the process chamber may
assume a supercritical state for the venting process. For instance, the process chamber may
be heated to a temperature greater than or equal to approximately 31°C when carbon dioxide
is in the process chamber or, alternatively, to a temperature greater than or 45.5°C when
sulfur hexafluoride is in the process chamber.

[0049] As noted above, heating mechanisms for a process chamber which is configured

to generate and withstand the pressures described herein may be complex, particularly for
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[0047] It is noted that subnerging device structures in liquid is not
necessarily required for the nmethods described herein. In particular, the
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enbodi nents, to mnimze the tenperature at which to
exemplary temperature range for pressurizing a process chamber in such a manner with
carbon dioxide may generally include introducing the carbon dioxide into the process
chamber at a temperature less than approximately 30°C and, more specifically, between
approximately 0°C and approximately 20°C. Sometime subsequent to attaining saturated
vapor pressure within the process chamber, the temperature of the process chamber may be
increased to a temperature equal to or above the critical temperature of a low/no surface
tension fluid. At the point of attaining critical temperature, the low/no surface tension fluid
will transform into a supercritical state. The supercritical state and, thus temperatures and
pressures equal to or above the thermodynamic critical point of the low/no surface tension
fluid, is preferably maintained until at least the venting process described below in reference
to block 30 is conducted.

[0051] In other embodiments, the process chamber may be preheated to a critical

temperature of a given fluid (i.e., prior to pressurizing the process chamber with a low/no
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heat the process chanber to attain a supercritical state of a | ow no
surface tension fluid. For exanple, when carbon dioxide is used within the
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manner, the process chamber may be flushed of any supplementary chemicals added during
the etch and rinse processes. In addition, block 24 may establish an environment in the
process chamber for a low/no surface tension fluid to be in a supercritical state if such
conditions were not already established in the preceding rinse process described in reference
to block 18.
[0053] In some embodiments, the low/no surface tension fluid used to establish the
ambient referenced in block 24 may be the same low/no surface tension fluid used in the
rinse solution. In such cases, the supply of the low/no surface tension fluid used for the rinse
process may continue sans the supply of the rinse adjuncts. In yet other embodiments, the
low/no surface tension fluid used to establish the ambient referenced in block 24 may be
different than the low/no surface tension fluid used in the rinse solution. In particular, the
process referenced in block 24 may include exposing the microelectronic topography to a

fluid different than the rinse solution for a predetermined period of time to displace the rinse
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process chanber). An advantage of such enbodinents is it may be nore tine
efficient to do so versus providing the heated environnent after
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supercritical state if such conditions were not already establ |shed in the
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surface tension fluid into the process chamber in a gas state while simultancously venting the
process chamber. Depending on the temperature of the process chamber, the low/no surface
tension fluid may assume a liquid state or a supercritical state. In cases in which the process
chamber is not at its critical temperature, the process chamber may be given time to increase
the temperature of the low/no surface tension fluid to assume a supercritical state for the
subsequent vent process outlined in block 30. After a period of time sufficient to
substantially remove any supplementary chemicals and a time to establish a supercritical
state, the introduction of the low/no surface tension fluid may cease and the venting process
may continue and be part of the venting process outlined in block 30.
[0056] The venting process outlined in block 30 is used to either transform the
supercritical fluid into a gas state or flush the supercritical fluid from the process chamber in
a flow-through process. In either case, the venting process for block 30 is conducted in a
manner sufficient to prevent formation of a liquid in the process chamber. For example, in

the first scenario, the venting process for block 30 may be performed by venting the process
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process referenced in block 24 may include exposing the mcroel ectronic
topography to a fluid different than the rinse solution for a predeterm ned
peri od ofwoi2om/wo7sdi spl ace the rinsesolution fromthe pPoTassoiohacober. | n
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fromthe process of block 24 may not be needed. [0055] In general, the
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supercritical state. In cases in which the process chanber is not at its
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t enper eof t he surfa luid, t sune .a su ritical
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displaced. The different supercrltlcal fluid is generally immiscible with the fluid within the
chamber. In addition, the different supercritical fluid preferably has a lower density, critical
temperature, and Joule-Thompson coefficient of expansion than the fluid within the process
chamber. As a consequence, pressure with the process chamber can be reduced at a much
faster rate without damage to features on the microelectronic topography. In addition, such a
technique does not cause a liquid to be formed within the process chamber and, thus,
concerns of feature collapse are abated. Exemplary supercritical fluids which may be used
for an accelerated venting process include but are not limited to helium, argon, nitrogen,
oxygen, and mixtures thereof.
[0058] In any case, after pressure within the process chamber has been reduced to
atmospheric pressure or the ambient pressure of the environment in which the process
chamber resides, the microelectronic topography may be dry and undamaged. Further
processing of the microelectronic topography may ensue in the process chamber or in a

different process chamber.
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supercritical fluid into a gas state or flush the supercritical fluid from
the process chanber in a flowthrough process. In either case, the venting
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pressure with the process chanber can be reduced at a nuch faster rate

wi t hout damage to features on the mcroel ectroni c topography. In addition,
such a techni que does not cause a liquid to be formed within the process
chanber and, thus, concerns of feature collapse are abated. Exenplary
supercritical fluids which may be used for an accel erated venting process
include but are not Iimted to helium argon, nitrogen,
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oxygen, and m xtures thereof. [0058] In any case, after pressure within the
process chanber has been reduced to atnospheric pressure or the anbient
pressur e WO 20tw9ersvi ronnent in which the process chanbercCrastades2oovhe
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herein are not so ted. Acc rdin i s descript is to be onstrued
as illustrative atﬂlh)f"]éeﬁa nivgthin e %5%91’& S MRS ﬁ.fhgtp ProwecRfiFfled i n
the art the geneial. sBANGIquRfst&@7 rying out the invention. It is to be
understood that the forns of t he' i nvention shown and described herein are

t o be t aken sabsctihentlyriesedicing gorefeesohutidn emtb dlch preotss phaEhlmmwh@emrtUe maseeri al s
may be substltuted@yor t hose illustrated and. d scrib r g pa%as and
processes may be®? g?ggﬂp“§ﬁ8“3‘W'é?ﬁSW%%?HF@ ﬁﬂFofHea S ANmy be
utilized i ndeReRAeRtd dhenftly @& t‘t‘l@ﬁtdieﬁechﬁﬁlB@rr eﬁ@éas% ParfAE Sltidg 2 Jrihd he art
after having the benefit of this description of the |nvent|on Changes may
be made in the emepenfsmué@mng6ewumephumnwndmmUKmdmgahdmm@Sbhmmmthe spirit

and scope of the inven as descri be VWHAT | S
CLANED TS 1. Ao erBp Ty Sas g ThrEEgiss de RgHD diseBGhF Ghny.

conpri sing: | oadipRgroduéts &ifa] AC4HBIBACnl RPRGERRITYh Iﬂfc%e%d@troﬁfce@]?ogi

i ntroducing an etch solution into the process chanber to selectively etch a

| ayer conpri si ngsach thpipbe dewlffectmbbyprhéuqts acoaiibiced e erecoptagng phip,

wherein the etch _sol uti on mtt inth rocess chanber conprises a fluid in a
supercritical st§%€ﬂ5wxi ]QHF;aﬂﬁﬁa ate; subsequently introducing a rinse
solution into the process chanber, wherein the rinse solution conprises the
fluid in a supercritical state or in a liquid state; and introducing a
cheni stZ.y i nths m¢thoppbdaiss 1 .chlarbivthasten ebistrodening the Ictzerdutry miejo dhrreprogess he

chamber comprises introducing the chemistry into the process chamber at least partially

during both of the steps of introducing the etch solution and introducing the rinse solution.

3. The method of claim 1, wherein the step of introducing the chemistry into the process
chamber comprises introducing the chemistry into the process chamber for an entire duration

of at least one of the steps of introducing the etch solution and introducing the rinse solution.

4. The method of claim 1, wherein the etch byproducts comprise oxide etch byproducts.
5. The method of claim 4, wherein the etch byproducts comprise hydroxyl silane groups.
6. The method of claim 1, wherein the chemistry is a silazane, a chlorosilane, or an

alkoxy silane.
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steps of introducing the etch solution and introducing the rinse solution,
wherein the chemstry is chemcally configured to nodify dissolved etch
bypr oductwowntanionrsan anbi ent environnent of the m croel ecrruseéio/oe@pogr aphy
such that the dissolved etch byproducts are inhibited from precipitating
onto the mc¢roel ectropic topography. 2. The nethod of claiml, wherein the
step of/int r%}&?tﬁ@d 9ﬂ@alehw%qrﬁ=lp tﬁ%%ﬂ%lﬁ@/ isPpleeied fiORLHBIOHD COMHING

| nt rodyglyngykinecC R FI d¥orfddt Qictd U RAQESS Ro GRATRE fan laninfitimRAL 1 al | y
duringqﬁgﬁﬁyJ' fﬁe stzps %# %hfroﬁh?ﬁng fﬁgggtc ’sgﬁutlon éﬂﬁ fhtroducing
the rinse solution. 3. The method of claim1l, wherein the step of

i ntroduci ng the chem stry into, the process chanber c ri ses introducing
the chehi st rYAaTREtEod | ﬂgd?}f“bL&tg’éth%rw&%élrslngd’iﬁr%ﬂwé}gﬁ qaéa?%ﬂl&t) (RPBFCsat | east
one of &Qﬁbéﬁeﬁﬁé&s a%r{ri]%lgf%{]g‘*%tﬂgst'é?@fﬁft&ﬁuﬁﬂé Hicl ABmMARY i ﬂattwg@%gag the rinse

solution. 4. The alm wherel n"the etch byproducts conpri se
oxi de ethembbytprfadli@tesa rebetiohheitimdtcheoch fpraduaism 4, wherein the etch
byproducts conprise hydroxyl silane groups. 6. The nethod of claim1,
wherein the chem stry is a silazane, a chlorosilane, or an al koxy sil ane. 7.
The netqiod ofpGhahda df gl%?l,%ﬁbr&iﬁ@h&&{%ﬁli%}f é’on'q?ris%@!l ﬁ&lttr%ﬁ wWHi&Msa group

consi sting of hydroxysilanes, thionyl chlorides, acid anhydri des,

i socyanmnesctiandithriwbbyprmodsetbt s. 8. The method of claim 1, further
conprising introducing a catalyst into the process chanber at | east
partially during the step of introducing the chem stry into the process
chamberof O T héthéd 6f AainPRGHAREN thd Portife cGhfikeRYDARBEBLS:, fiBorotiBon®t hod of
claim1l1, wherein the chemstry conprises a portioh which is nonreactive

wi th etarbillsppesoducts. 10. The nethod of claim 9, wherein the portion
conprises hydrocarbons, fluorocarbons, or silicones. 11. The nethod of
claim9, wherein the portion is sterically bulky. 12. The nethod of claim
1, whergin tfiR HOEHA 8t EIXinfONPEdrSiBShdfortion ARRERXIIPBLRYLY 10% by wei ght of the
etch solution or the rinse solution.” 13. The nethod of claim1, wherein the
step of introducing the etch solution conprises introducing a fresh

it f t t ; t intq th hanb whi o
Gi ol ebreoustty DR RETeRE! oy BBe AR et SR i Rettroat B 1y,
wher ei B JFHRISS S RSHEhS ARsdRAARKKOYS! | anes or

13.  The method of claim 1, wherein the step of introducing the etch solution comprises
introducing a fresh composition of the etch solution into the process chamber while

simultaneously venting the process chamber.

14. The method of claim 1, wherein the chemistry comprises monoalkoysilanes or
monochlorosilanes.
15.  The method of claim 1, wherein the rinse solution further comprises one or more

polar cosolvents mixed with the fluid.

16.  The method of claim 15, wherein the one or more polar cosolvents comprises an acid

having a pKa lower than a pKa of the etch solution.

17.  The method of claim 15, wherein the one or more polar cosolvents comprise water

and a polar alcohol.
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nmonochl orosi | anes. 15. The nethod of claim 1, wherein the rinse solution
further conprises one or nore polar cosolvents mxed with the fluid. 16.
The net howloahioadsaism 15, wherein the one or nore pol ar cesOIUSRMAH2MONPr i Ses
an acid having a pKa | ower than a pKa of the etch solution. 17. The net hod

of claim 15, wherein e one or nore polar cosolvents conpri ter and a
pol ar allgpohoThefB?tﬁ%%% ﬂ_@lﬁhb&uﬁgeraoa}pﬁasmg_eﬁ@lgkl & L DY ol dedid hing a
pure a@guﬁeﬁcﬁaaahlts&%e {ol df&spgadgﬁlé iﬁéé%[&{ohtft]&ﬁ{he%ééc?@% %19% cfPlace the rinse

solution fromthe proce er. 19. The netho alm1, further
conprising introducing a different fluid into the process chanber at a
pressure greater than.the pressure of. the ripse sol.ution_in.the process
chanberl%subg@’t?l}% od g gIpin ’tféﬁﬁﬁfcomlrs’@&d’&tir Cinger 41?*%@@ RROSH | nt o the
I 0CeS S0, GORT BRI bMEL Hle Bt et 16h N prllsbtiehfithe HATH Sfitohen Wi foddie rinse
sol uti rI; and V\/neer el nﬁlltei%é1 s?rgpeof I nt rpgdusci ng t%em}:ffer ent felﬂa? |§nto t he
pr oc es shetmbotmbsajus ta tlesst¢rhef inirodieirgpthe tinensohitidni intat the pprcosehsmbbranber .

20. The method of clajm 1, .wherein the step of .subs ent.ly introducing the
rinse YIS ﬁ%ﬁfﬁfﬁnf etdgs He@gsg%&wﬁgébe AR es T eRie fhegep Hnee

sol uti QPRI Bt BEdaR fuldinth At pfodeNRRRALHERPIAOY tRe RE&SIURnWiBAS B t han
approxi mately 90% of thernodynamc critical points of the fluid into the

pr ocesradrastbiemmbe?l. The net hod of claim 1, wherein the step of selectively

etching the | ayer conprises selectively etching a sacrificial |ayer
encasing a plurality of device structures within the m croelectronic

topogr aphy. A mdihed BEGRGHA1 AIhGEiR IR dtep YRS FIcAdLintlolhdng SeGRiOON di oxi de.

solution into the process chamber comprises introducing a rinse solution comprising the fluid
at a temperature and a pressure greater than approximately 90% of thermodynamic critical

points of the fluid into the process chamber.
21. The method of claim 1, wherein the step of selectively etching the layer comprises
selectively etching a sacrificial layer encasing a plurality of device structures within the

microelectronic topography.

22. The method of claim 1, wherein the fluid is carbon dioxide.
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