METHODS AND SYSTEMS FOR PREVENTI NG FEATURE COLLAPSE DURI NG M CROELECTRONI C
TOPOGRAPHY FABRI CATION 1. Field [0001] The various enbodi nents relate to
met hods awo 281136378 f or processing a m croel ectroni c topogrspivg/osmnd) nore
specifically, to nmethods and systens for preventing feature coll apse
subsequent to etching a sacrificial |ayer encasing the features. 2.
Description of the Related Art [0002] The foll ow ng descriptions and
exanples are not admtted to be prior art by virtue of their inclusion
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i ncreasi ntgatprast i cul arly as wi dth di mensions of structures continue to

decrease and resultin e ratios increase with the ever pressing goal
to increaSe pr@@égréﬁ’tl?% éag%g%ﬁgﬁﬁden.si ty of integrated circuits. In
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may, in sonme enbodi ments, be decreased to an extent that surface tension of
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process. %Ie}tgrci)alljlsg tosf%(r:rg g éo%:pilgltiggeofhggvice 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
rinsing and drying processes may cause the conductive structures to collapse
(i.e., 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
memory density of integrated circuits. In particular, it appears that the width
dimensions of conductive structures may, in some embodiments, be decreased to
an extent that surface tension of water between the conductive structures causes
the conductive structures to collapse during a drying process.
[0004] In effort to inhibit such damage, rinse solutions having lower surface
tensions than deionized water have been used to rinse microelectronic
topographies subsequent to an etch process. Although such a technique has
been effective for some fabrication processes, the technique is susceptible to the



been effective for sone fabrication processes, the technique is susceptible
to thesane detrinents as rinsing with deionized water. In particul ar
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are susceptible to causing feature coll apse, particularly as width

di mensi ons of features continue to decrease. In addition, sone etch

sol utions and/or byproducts may not be as soluble in rinse solutions having
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t opogr aphy havi ng device structures encased wthin a sacrificial |ayer;
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rinsing and drying device structures, particularly subsequent to etching a
sacrificial layer encasing the structures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Other objects and advantages will become apparent upon reading the
following detailed description and upon reference to the accompanying drawings
in which:
[0007] Fig. 1 depicts a flowchart of an exemplary method for processing a
microelectronic topography;
[0008] Fig. 2 depicts a cross-sectional view of a partial and exemplary
microelectronic topography having device structures encased within a sacrificial
layer;
[0009] Fig. 3 depicts a cross-sectional view of the partial and exemplary
microelectronic topography depicted in Fig. 2 subsequent to the sacrificial layer
being removed,;
[0010] Fig. 4 depicts a cross-sectional view of the partial and exemplary

microelectronic topography depicted in Fig. 3 having remnants of an aqueous



water rinse process; [001 1] Fig. 5 depicts a cross-sectional view of the
partial and exenplary m croel ectronic topography depicted in Fig. 4 having
t he devi cwo=nrussarses of the topography subnerged w t hi RCA/USRIVIAGIGOUS
liquid chem cal formulation; [0012] Fig. 6 depicts a cross-sectional view
of the partial and exenplary m croel ectronic topography depicted in Fig. 5
subsequent to a venting process for reﬁ%ving t he non-aqueous |iquid

chem cal fornulation fromthe m croel ectronic topography; [0013] Fig. 7
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configured for processing a microelectronic topography; and
[0015] Fig. 9 depicts a pressure-temperature phase diagram of carbon dioxide.
[0016] While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof are shown by way of example in the
drawings and will herein be described in detail. It should be understood,
however, that the drawings and detailed description thereto are not intended to
limit the invention to the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and alternatives falling within

the spirit and scope of the present invention as defined by the appended claims.

NOTATION AND NOMENCLATURE
[0017] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
semiconductor companies may refer to a component by different names. This
document does not intend to distinguish between components that differ in name
but not function. In the following discussion and in the claims, the terms
“‘including” and “comprising” are used in an open-ended fashion, and thus should



"couples” is intended to nean either an indirect or direct connection.
Thus, if a first device couples to a second device, that connection nay be
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process chanber, shall mean displacing %ubstantlally all the volunme within
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[0020] “Critical pressure” shall be the pressure at or above which a fluid may
transition to the state of a supercritical fluid (if the fluid is likewise at or above a
critical temperature). However, raising the pressure of a fluid (or the pressure of
a process chamber in which the fluid resides) to the critical pressure shall not be
read to require that the fluid be in a supercritical fluid state — a fluid may be at or
above the critical pressure, yet not have sufficient temperature to be a
supercritical fluid.
[0021] “Critical temperature” shall be the temperature at or above which a fluid
may transition to the state of a supercritical fluid (if the fluid is likewise at or above
a critical pressure). However, raising the temperature of a fluid to the critical
temperature shall not be read to require that the fluid be in a supercritical fluid
state — a fluid may be at or above the critical temperature, yet not have sufficient
pressure to be a supercritical fluid.
[0022] “Aqueous liquid” shall mean a substance that contains water alone, or

water and one or more other solvents.



t opography as part of a rinse step (e.g., an aqueous liquid), or a

subst ance applied to a mcroel ectronic topography to dilute, enulsify or
renove a wobstoiznsewsapplied in a rinse step (e.g., to dilparaSerovneTwve an
aqueous |iquid). DETAILED DESCRI PTI ON [ 0024] Turning now to the draw ngs,
exenpl ary enbodi nents of nethods and systens for preventing feature

col l apse within mcroelectronic topografbhi es are illustrated and descri bed
in reference to Figs. 1-8. In particular, a flowhart of an exenplary
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reference numerals. Fig. 8 illustrates an exemplary process chamber for
performing one or more of the process steps of the methods described herein.
Specific details and various embodiments of the methods and the solutions and
systems used in reference to such methods are provided below in reference to
the figures.

[0025] It is noted that the methods described herein are not necessarily limited
to the 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, the methods
described herein may be applied to microelectronic topographies having
configurations different from those illustrated in Figs. 2-7. The term
“microelectronic topography”, as used herein, may generally 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



[ 0026] Furthernore, process chanbers used to performone or nore of the
process steps of the nmethods described herein are not restricted to Fig. 8.
For i nst amoepioe3ps7’ecess chanber may include additional ecTalSt@onatdye
conponents not shown in the figure. It is also noted that the conponents of
t he process chanber depicted in Fig. 8 are not necessarily drawn to scale
and the chanber and the conponents conﬂ?ising t he chanber may i ncl ude
different configurations. In addition, the topographies illustrated in

oo 2 By, PO RAT AN o PR B CoPRECHEULE gblBepgP © ©
exagger at add}as g asé zemehae ackeaintetdhangelblymerdinpogr aphi es. Furthernore,

the | ayers Qdﬂeﬁ?i cted in the figures may extend to other regions of the
seni condul@ tFABBGIARHs ROCERYi amRersyusade te Reriesm anerel Mg ef B t he

| ayers. , h : CLd ey re~nat
necessar |AP§/ %%S%%%e?gﬁehﬁgﬁeﬁggqﬁlésﬁe?ﬁg #r}egﬁtﬁ JE%IF%@Z% IE:Ig\'s%'s h'(:)% I n
bl ock 10 oistdficg, alprackes mhahids ey dndlicke additienal omgltemmativel eosglomentsvel y

etching a sacrificial |layer encasing a raljty of device ructure
Wi thin s AoeEhavRAn bR B e obialP NAtsh et dhe GRuRdnanis 0f ihe WP an

exempl ar Y cffbhBPUBGILIENincribOB A ARhdogsdlilF Brawt o Soaiel & IneccitirfibeirT ocess
e I ed in Fig. 2 an I

may be appl i Is 1lTustra a topography resulting fromthe
sel ect i veasdchhpr cxasporients | lcomprisired e Fichan®er Asnahowicluae Fidifferent

m croel ectroni c_topography .40 include .sacrificial. |ayer 46 arranged
Upon sem EONEHERTRNS. 3y Br addin e, dadiashigsi lustated dn Fi68” 247 9 B9

enmbodi MenhgcestaNyC AREME LB sta¥er I drouIE theSSBAIE 0B |5/dRStaml/6r such
as a nonocrystal lI'ine silicon, galliumarsenic, indium phosphide,

si | i con- géirugiHrasnin somec oh-to@-figwses anay beogreatlyi exagaaiaiespshiemphasist r at e.

In such ¢ ) tor | . 42 p | r = e o -type
and, in sgﬁéﬁc‘g@%g%;%ﬁﬁgg galpppg%o%%s.relg@ghnéiﬁgg%/ grﬂa ?%mgtq%bﬁ&ggglpoﬁ]sep may be
formed t h@igaies mayegcheano odsesegisagof thedsarhicbndi@ater topdgramhyi axchdidated

structures and layers fornmed upon a sem conductor substrate. The structures

and | ayer Q_Y 18§ Gurvadtpderab gaogs ©f e 1ayers+ s sbch.dinel Bethads m@,é‘,ygt?ms

T o conn LR R B A R A SR S B B,

any mat er [@027)sés shown in block 10 of Fig. 1, the methods described herein may
include selectively etching a sacrificial layer encasing a plurality of device
structures within a microelectronic topography. A partial cross-sectional view of
an exemplary microelectronic topography to which such a selective etch process
may be applied is illustrated in Fig. 2 and a topography resulting from the
selective etch process is illustrated in Fig. 3. As shown in Fig. 2, microelectronic
topography 40 may include sacrificial layer 46 arranged upon semiconductor
layer 42 and encasing device structures 44. In some embodiments,
semiconductor layer 42 may be a semiconductor substrate such as a
monocrystalline silicon, gallium-arsenic, indium phosphide, silicon-germanium,
silicon-on-insulator, or silicon-on-sapphire substrate. In such cases,
semiconductor layer 42 may be doped either n-type or p-type and, in some
embodiments, diffusion regions and/or isolation regions may be formed therein.
In other cases, semiconductor layer 22 may include structures and layers formed
upon a semiconductor substrate. The structures and layers may include, but are
not limited to, dielectric layers, metallization layers, gate structures, contact

structures, vias, or local interconnect wires.



the sem conductor industry for conductive device structures, including but
not limted to polysilicon, alumnum copper, titanium titaniumnitride,

t ungst en,wendiooBezmay al | oys thereof. Al though the nethoasTdssawiobrado her ei n
may be applied to topographi es having device structures of any di nension,
the nethods may be particularly applicable to topographi es having devices
structures with aspect ratios equal to or greater than approximtely 10:1
since device structures with such aspect ratios are generally nore
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damascene process. In particular, the material of the device structures may be
deposited within trenches of sacrificial layer 46 and the topography may be
subsequently polished to remove portions of the device structure material on the
upper surface of the sacrificial layer resulting in the topography illustrated in
Fig. 2.

[0029] In general, sacrificial layer 46 may include any material which may be
selectively removed relative to the material of device structures 44 for the process
outlined in block 10 of Fig. 1. Exemplary materials include but are not limited to
silicon dioxide (SiO.), tetraorthosilicate glass (TEOS), silicon nitride (SixNy),
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 refer
to a layer including oxygen atoms incorporated therein. In any case, sacrificial
layer 46 may be doped or updoped. As such, in some embodiments, sacrificial
layer 46 may include borophosphorus silicate glass (BPSG), phosphorus silicate
glass (PSG), or fluorine silicate glass (FSG).

[0030] The selective etch process may remove portions of sacrificial layer 46
adjacent to device structures 44 such that sidewall surfaces of the device



adj acent to device structures 44 such that sidewall surfaces of the

devi cestructures are exposed. As shown in Fig. 3, selective etch process 48
may, in swoeonase¥s be conducted such that device structaoras2ep4/081400 f r ee
standing. In any case, it is noted that device structures 44 conprise an
upper surface of mcroel ectronic topography 40. The selective etch process
may renove the entirety of sacrificial qayer 46 across mcroel ectronic

t opography 40 or may only renove a portion of sacrificial layer 46 in the
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as CF4 and/or CHF3. Alternatively, ap exenpl.ar t, etch process na
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bet ween apyperoglectioricytopogsphn iR 4.e50twi pdrtiand af aaciicidl lagare46 may irbtheused.
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at nospheric pressuré, but a dry etch process may involve various pressures
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serve as having a weight concentration of hydrogen fluoride between approximately 1.0%
and approximately 49.5% or, more specifically, between approximately 5.0% and
24.5% with a balance of water may be used. In some embodiments, a wet etch
solution may include a buffering agent, such as ammonium fluoride at a weight
concentration between approximately 0.5% and approximately 25%. A wet etch
process may be performed at or near atmospheric pressure, but a dry etch
process may involve various pressures depending on the technique used. The
duration of the selective etch process depends on the type of etch process and
etchant used, but an exemplary period may be between approximately 20
seconds and approximately 1 minute.
[0032] As shown in block 12 of Fig. 1 and rinse process 50 in Fig. 4, the
method may include rinsing the etched microelectronic topography with one or
more aqueous liquid formulations subsequent to the selective etch process.
Such a process is used to remove residual etch solution and/or etch byproducts
from the topography and, in some embodiments, may further serve as a
transitional rinse to lower the surface tension of the liquid. The duration of rinse
process 50 may vary, but in some cases is less than approximately 60 seconds.



transitional rinse to |ower the surface tension of the liquid. The duration
of rinse process 50 may vary, but in sone cases is |ess than approximately
60 secondsoOlnimBeETSCcases, rinse process 50 may enpl oy aP€Tnst@9InsTIse
formulation (i.e., a single aqueous liquid forrmulation wi thout having its
conposition altered during the rinse process). In alternative enbodi nents,
rinse process 50 may enploy nmultiple arnd different rinse fornul ations
successi vely added to m croel ectronic topography 40. In particular, rinse
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In particular, since etch solutions and byproducts may sometimes be more
soluble with water than other liquid rinse materials, having such a high
concentration of water may allow the solutions and byproducts to be more easily
removed from the microelectronic topography. As such, in cases in which rinse
process 50 includes multiple and different rinse formulations successively added
to microelectronic topography 40, it may in some embodiments be advantageous
for the first rinse formulation added to the topography to primarily include
deionized water and, in some cases, consist essentially of deionized water.
Alternatively, in cases in which the composition of a rinse solution is changed
during rinse process 50, the process may start with a rinse formulation which
primarily includes deionized water and, in some cases, consist essentially of
deionized water and then gradually add larger concentrations of another liquid
solvent thereto. Despite the aforementioned advantage, it is noted that a rinse
formulation having less than a primary concentration of deionized water may be

employed at the beginning of rinse process 50 (as well as other stages of rinse



formul ation having | ess than a primary concentrati on of deionized water may
be enpl oyed at the beginning of rinse process 50 (as well as other stages
of rinsepwocers3&dr in sone enbodi nents and nmay be advaRCagsee9/05T#90ts own
ri ght depending on the specifications of the fabrication process. [0034] In
any case, as noted above, rinse process 50 may in sone cases include adding
rinse fornul ati ons having varying concéftrations of deionized water to

m croel ectroni c topography 40 or nmay include gradually changing the
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f or nul at i eudts arcayfiperatipe of finsaptocess 50 may advantageously allow etch solutions
and byproducts to be easily removed from the microelectronic topography
through the use of a formulation having a primary concentration of deionized
water at the beginning stages of the rinse process, but then reduce the surface
tension of the rinse solution on the microelectronic topography thereafter.
Reducing the surface tension of the rinse solution on the microelectronic
topography may advantageously aid in preventing feature collapse of device
structures 44. Furthermore, it is believed that a step-wise or gradual decrease in
concentration of deionized water added to microelectronic topography 40 as rinse
process 50 progresses may advantageously allow the rinse solution on the
topography to be substantially homogeneous and, thus, distinct liquid-liquid
interfaces of deionized water and solvents may be avoided, which as described in
more detail below may aid in preventing feature collapse as well.
[0036] In some embodiments, the rinse formulation/s may be specifically
configured to have less than a primary concentration of deionized water at the
end of rinse process 50. For example, a formulation primarily including or
consisting essentially of deionized water may first be added to the microelectronic



configured to have less than a primary concentration of deionized water at
the end of rinse process 50. For exanple, a fornulation primarily including
or consi swonglesswnti al |y of deionized water may first peTasded/ o5 he

m croel ectroni ct opography. Then, a 1: 1 ratio of an ethanol:water sol ution
may be added followed by a solution having a 9:1 ratio of ethanol to water.
In alternative enbodi nents, increasi ng1ém)unts of ethanol may be added to
the fl ow of the deionized water fornulation as the rinse process
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t opography may ngf successively decrease as the rinse process progresses
and, thus?’/"afeﬁéo:%e)t’W@&%&descri bed herein should not be so limted. [0038] In
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upon sem ctor layer 42 surroundi ng devices structures 44 subsequent to
ri nse protessofsaddess tntiteethpapaphy akiwellag the wiativacamoentsi and oitaticst efr ,
remants 5&1 mag, an %E)rre enbodi ment SingCAYSE devi ce structure t44 t
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such as spidiibddédRibeanrIsiAhoURNHOObe BHREE itB Suth @xhApRY. apihdrtharé evat ed
tenperatures at or near atnospheric pressure. The nethods descri bed herein,
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formul ati on having |l ess than a primary concentration of deionized water at
the end ofles¢rihes hargineshoukhnelcogied imnitBdd above may additionally aid in

avoi ding fepsyIf 41 (RS sUsHIWh IMRigTet RathadRSss Idpefh AGICIUR liquid may
remain upon semiconductor layer 42 surrounding devices structures 44
subsequent to rinse process 50. As noted above, due to the surface tension of
water, remnants 52 may, in some embodiments, cause device structures 44 to
collapse if microelectronic topography 40 is exposed to a drying process, such as
spinning the topography and/or exposing the topography to elevated
temperatures at or near atmospheric pressure. The methods described herein,
however, avoid such detrimental effects by exposing microelectronic
topography 40 to an alternative sequence of process steps, which are outlined in
blocks 16-34 of Fig. 1 and described in more detail below. It is further noted that
rinsing microelectronic topography 40 with a rinse formulation having less than a
primary concentration of deionized water at the end of rinse process 50 as
described above may additionally aid in avoiding feature collapse using the
methods described herein.
[0039] Although not shown in Fig. 4, in some embodiments it may be
advantageous to submerge device structures 44 within an aqueous liquid to aid in
preventing feature collapse. In particular, submerging device structures 44 within
an aqueous liquid may ensure sufficient depth of the aqueous liquid on



[ 0039] Al though not shown in Fig. 4, in sone enbodinents it may be

advant ageous to subnerge device structures 44 within an aqueous liquid to
aid i n prwoentowags7teat ure coll apse. In particul ar, subnmecgiusgoodesisee
structures 44 within an aqueous |iquid my ensure sufficient depth of the
aqueous |iquid onm croel ectronic topography 40 to prevent the topography
fromdrying (e.g., by evaporation or noGenent of the aqueous liquid) prior
to perform ng the sequence of process steps outlined in blocks 16-34 of
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|1 quid [0040] In some cases, drying microelectronic topography 40 may not be the
primary factor contributing to feature collapse. In particular, it is postulated that,
as device widths of device structures and spacing therebetween continue to
decrease and their aspect ratios continue to increase (e.g., aspect ratios on the
order of approximately 20:1 or greater), interfacial tension may cause device
structures to collapse prior to a topography drying. More specifically, it is
hypothesized that, in some embodiments, the mere exposure of device
structures 44 to a liquid-gas interface between an aqueous liquid and ambient air
may increase the likelihood of feature collapse. As such, in some cases, it may
be advantageous to prevent device structures 44 from being exposed to ambient
air and, thus, keep the device structures submerged within the aqueous liquid
prior to performing the process sequence in blocks 16-34 of Fig. 1.

[0041] As noted above, in some embodiments, rinsing microelectronic
topography 40 with a solution of deionized water may be particularly
advantageous prior to adding a non-aqueous liquid chemical formulation to the

microelectronic topography (i.e., the process denoted in block 16 and described



prior to performng the process sequence in blocks 16-34 of Fig. 1. [0041]
As not ed above, in sone enbodi nents, rinsing mcroel ectronic topography 40
wi th a sowvotnow3ed7sdei oni zed water nay be particul arly a&dvast@g®s14o pri or
to addi ng a non-aqueous liquid chem cal fornmulation to the m croelectronic
t opography (i.e., the process denoted in block 16 and descri bedin nore
detail below). In particular, dei oni zed®water is generally a better solvent
for renoving residual etch solution and/or etch byproducts resulting from
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process and rinse process {her "anb m croel ectroni
blocks 20- 34 such a process chamber may be partlcularly suitable for exposing

the microelectronic topography to a fluid in a pressurized state such that liquid
may be removed from the surfaces of the topography without causing feature
collapse. An exemplary process chamber having such configurations is shown in
Fig. 8 and described in more detail below. As noted by the dotted line arrows
extending from block 14 in Fig. 1, the methods described herein are not limited to
the transfer process occurring directly after the rinse process outlined in block 12.
In particular, microelectronic topography 40 may alternatively be loaded into the
process chamber prior to the selective etch process outlined in block 10. In such
cases, the process chamber may be configured to perform the selective etch
process and rinse process. In yet other embodiments, microelectronic
topography 40 may be transferred to the process chamber after one or more non-
aqueous liquid chemical formulations are added to the topography, a process
which is outlined in block 16 of Fig. 1 and described in more detail below.

[0043] In some cases, however, it may be advantageous to transfer a
topography to the process chamber prior to the addition of the one or more non-
aqueous liquid chemical formulations. As set forth below, the one or more non-



t opography 40 may be transferred to the process chanber after one or nore
non aqueous |iquid chemcal fornulations are added to the topography, a
process wiochiomsesatl i ned in block 16 of Fig. 1 and desecrhsdooonsTme e
detail below [0043] In sonme cases, however, it may be advantageous to
transfer a topography to the process chanber prior to the addition of the
one or nore non aqueous liquid chem cal"*formul ations. As set forth bel ow,

t he one or nore nonaqueous liquid chem cal formulations are configured such
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[0044] In some embodiments, it may be advantageous to transfer
microelectronic topography 40 to the process chamber between intermediate
stages of aqueous rinse process 50 (between successive additions of different
aqueous liquid formulations), particularly if the process dilutes the water
concentration in the rinse solution in the later stages of the process. Lower
concentrations of water in an aqueous rinse solution may make the rinse solution
more volatile and, thus, device structures 44 may be more susceptible to feature
collapse during the later stages of the rinse process in such cases. In yet other
cases, it may be advantageous to transfer microelectronic topography 40 to the
process chamber prior to selective etch process 48. In this manner, concerns of
exposure of the topography during a transfer process may be obviated. In any
case, it is noted that the transfer process outlined in block 14 of Fig. 1 is not
depicted among the views of microelectronic topography 40 in Figs. 2-7, since

such figures are used to show direct processing of the topography.



cases, it may be advantageous to transfer mcroel ectronic topography 40 to
the process chanber prior to selective etch process 48. In this manner,
concer ns WO 2ep3675€ of the topography during a transferCprusc@s®sTmy be
obviated. In any case, it is noted that the transfer process outlined in
bl ock 14 of Fig. 1 is not depicted anong the views of mcroelectronic

t opography 40 in Figs. 2-7, since such1gi gures are used to show direct
processi ng of the topography.[0045] Continuing to Fig. 5 and bl ock 16 of
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approxi mately 30 dynes/cm In_particular, it.was discovered, during the
devel oprelll RSt MOIET RERFESEnEY o51 BETTOMAC Aol Bed FELLPNG: I ROEFS range
of surfacghi®pet.oln lsemd 8548, ind@-ddudaud lfcRidrehainican f&énuiEtors pReastsqal |y
reduce the likelihood of feature collapse prior to and/or during the
subsequenmMayrije agniigused dise-ouial thaapnmppsiiasckisthedogaulaton esdfar shgatian ebr e

a sur f ace ToRERRC) SR el na YRR o aBn oo BRERETRNS Yol YE el one”
greater thatroslpironicmedidragity dmes/ equando | esdedhanah happroximatelyt e30si on of
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st ruct ur eiquid fameulatibm&cgedyi subseslibtly mgdudeqtiedlikelihood of feature collapse
prior to and/or during the subsequent drying process outlined in blocks 20-34 as
described in more detail below. Such results, however, are not necessarily
exclusive to such a surface tension range for all topographies and, thus, surface
tensions greater than approximately 30 dynes/cm and less than the surface
tension of water may be considered.
[0046] Another aspect of non-aqueous liquid chemical formulation process 54
which was discovered to be beneficial for inhibiting feature collapse during the
development of the methods and solutions described herein is to configure the
process such that device structures 44 are submerged in resulting liquid
formulation 56, as shown in Fig. 5. The amount of resulting liquid formulation 56
above the upper surfaces of device structures 44 may generally vary among
applications. In some embodiments, however, it may be particularly
advantageous for the upper surfaces of device structures 44 to be below the
liquid-gas interface created by resulting liquid formulation 56 (i.e., the upper
surface of resulting liquid formulation 56) by at least approximately 3 mm and, in

some cases, between approximately 3 mm and approximately 25 mm and, more



fornmul ation 56, as shown in Fig. 5. The anount of resulting liquid

formul ati on 56 above the upper surfaces of device structures 44 may
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particul arly advant ageous for the upper surfaces of device structures 44 to
be below the liquid-gas interface created by resulting liquid fornulation
56 (i.e., the upper surface of resultiﬁ@ liquid formul ati on 56) by at | east
approximately 3 mmand, in sonme cases, between approximately 3 nm and
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suf fi ci entiquid fbmtpiatl@n-vi56¢ 4t isutbeorizsd Hat such premature drying action may, in
some instances, cause device structures 44 to collapse and, thus, providing a
buffer of liquid formulation 56 at least 3 mm above upper surfaces of devices
structures 44 may be advantageous.
[0048] In some cases, such a submersion range may not only be sufficient to
prevent microelectronic topography from being dried during the processes of
blocks 20 and 24, but the submersion range may be sufficient to prevent device
structures from being exposed during such subsequent processing. Alternatively
stated, the submersion range may be sufficient to keep device structures 44
submerged within liquid formulation 56 during the processes of blocks 20 and 24,
depending on the parameters of such processes. It is theorized that, in some
embodiments, the mere exposure of device structures 44 to an interfacial tension
between liquid formulation 56 and the ambient of the process chamber and/or
another liquid may cause device structures 44 to collapse. Thus, adding the non-
aqueous liquid chemical formulation to microelectronic topography 40 in a
sufficient amount such that device structures 44 are submerged during
subsequent process may be advantageous. In addition or alternatively, the



subnerged within liquid fornmulation 56 during the processes of bl ocks 20
and 24, depending on the paraneters of such processes. It is theorized
that, in wormloashirdi nents, the nmere exposure of device PCTS2AMAST44el t 0 an
interfacial tension between liquid fornulation 56 and the anbi ent of the
process chanber and/or another liquid nmay cause device structures 44 to
col I apse. Thus, adding the non aqueous17iquid chem cal fornmulation to

m croel ectroni c topography 40 in a sufficient amount such that device
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optional taatnreecalfapaetdidmdtaccpr acef casds in which device structures were not
submerged in liquid formulation 56, but appeared to be more prevalent for smaller
widths and/or larger aspect ratios. A particular range of widths and/or aspect
ratios requiring device structure submersion was not investigated, but it is noted
that such an endeavor would not require undue experimentation of one skilled in
the art based on the teachings provided herein. As such, submersion of device
structures 44 within liquid formulation 56 is not necessarily required, but rather is
presented as an optional course of action for process 54.
[0050] The one or more non-aqueous liquid chemical formulations added to
microelectronic topography 40 during process 54 include a drying agent and a
solvent. The term “drying agent”, as used herein, refers to a chemical substance
that has an affinity for water such that water may be dissolved or emulsified in
solution. In some embodiments, the drying agent and the solvent of a non-
aqueous liquid chemical formulation may be the same agent. Alternatively stated,
a non-aqueous liquid chemical formulation may include a solvent having the
functionality of a drying agent. In embodiments in which such a non-agueous

liquid chemical formulation is the only non-agqueous liquid chemical formulation



[ 0050] The one or nore non-aqueous |liquid chem cal fornulations added to
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surface tagsntomagfbda e alcohol or other type of drying agent. The solvent of a non-
aqueous liquid chemical formulation may include a polar or non-polar organic
solvent or solvent mixture with a molecular weight less than approximately 150
atomic mass units (amu). Exemplary non-polar solvents include hexane,
pentane, and heptane. Exemplary polar solvents include methanol, ethanol,
propanol, isopropanol, and acetone.
[0052] The drying agent serves to effectively reduce the surface tension of the
aqueous liquid on the wafer. The dry agent is soluble in the solvent, but may or
may not be soluble in the fluid used to subsequently pressurize the process
chamber (i.e., the fluid used in the process outlined in block 20 of Fig. 1 and
described in more detail below). In cases where the drying agent is not soluble in
the fluid used to subsequently pressurize the process chamber and is part of a
non-aqueous liquid formulation used at the end of process 54, the method may
include adding a pure flow of the solvent to the microelectronic topography prior
to pressurizing the process chamber as denoted in block 18 of Fig. 1. Such a
process may serve to substantially remove the drying agent from the
microelectronic topography and the chamber before introducing the fluid for



aqueous liquid on the wafer. The dry agent is soluble in the solvent, but
may or may not be soluble in the fluid used to subsequently pressurize the
process oWeartbmro3¢i7’se., the fluid used in the process outCirmsdoownstbeock 20
of Fig. 1 and described in nore detail below). In cases where the drying
agent is not soluble in the fluid used to subsequently pressurize the
process chanber and is part of a non-adﬂeous liquid formul ati on used at the
end of process 54, the nethod may include adding a pure flow of the solvent
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t hat the solvent in the solution). In this manner, the solution on the microelectronic
topography may be changed in a linear fashion as opposed to a graduated
manner. For example, a solution having 100% ethanol may be first added to the
microelectronic topography and then increasing amounts of hexane may be
added to the flow of ethanol as the process progresses, in effect gradually
lowering the concentration of ethanol within the formulation. It is noted that the
number of solvents and the number of formulations thereof added to the
topography as well as the relative amounts and the citation of ethanol and
hexane noted above are merely cited for exemplary purposes and, thus, the
methods described herein should not be limited to such examples.
[0054] As noted above in reference to block 14 in Fig. 1, microelectronic
topography 40 may in some embodiments be transferred to a process chamber
between intermediate stages of aqueous rinse process 50 or prior to selective
etch process 48. In such cases, process 54 may in some embodiments begin by
adding a formulation having a solvent which was formulated in an aqueous rinse
formulation and used in a latter stage of rinse process 50. For example, in an
embodiment in which rinse process 50 ends with an addition of an aqueous



nunber of solvents and the nunmber of fornulations thereof added to the
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to bl ock 8RambeFintay hcludeeany fluid having a thermodynamic critical point which is
relatively easy to attain (i.e., having a relatively low critical temperature and
critical pressure). Exemplary fluids may include but are not limited to carbon
dioxide and sulfur hexafluoride.
[0056] As set forth in more detail below in reference to block 32 of Fig. 1, the
method includes providing a heated environment within the process chamber at
some point in the sequence of process steps such that the fluid used to
pressurize the chamber is at or above its critical temperature for at least the
venting process outlined in block 34 of Fig. 1. Due to carbon dioxide’s relatively
low critical temperature of 31° C, it may be beneficial to use carbon dioxide to
pressurize the process chamber. In particular, it may be desirable to reduce the
temperature for processing such that heating mechanisms (i.e., heat exchangers
or heaters internal to the process chamber) may be reduced. Such
considerations may be particularly advantageous for process chambers requiring
the complexities to generate and withstand pressures greater than approximately
1000 psig, as discussed for the process chamber used for the methods described
herein. Furthermore, carbon dioxide is relatively inexpensive compared to other
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may respegtive assune a liguid state or a supercritical state. Such a
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process cBadipmig may deprpkiesselyi 2800 psig. In cases in which the temperature of
carbon dioxide within the process chamber is above its critical temperature and,
thus, a supercritical state is attained upon pressurizing the chamber, an
exemplary range of pressure to which the process chamber may be pressurized
with carbon dioxide may be between approximately 1100 psig and
approximately 4000 psig and, more specifically, between approximately 1500
psig and approximately 2900 psig.
[0058] As shown in block 22 of Fig. 1, the pressurizing process outlined in
block 20 may include an accompanying step of keeping device structures 44
submerged to ensure microelectronic topography 40 is not dried and/or device
structures 44 are not exposed prior the process chamber being pressurized with
the fluid referenced in block 20. As further noted in block 22, such a process may
include keeping device structures 44 submerged in a liquid which includes at
least one component of the one or more non-aqueous liquid chemical
formulations referred to in block 16. In some embodiments, such a process step
may include keeping device structures 44 submerged in liquid formulation 56

created by the addition of the one or more non-aqueous liquid chemical
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approxi mately 4000 psig and, nore specifically, between approximately 1500
psi g and wppomxisegEsel y 2900 psig. [0058] As shown in bl echk/iR2o00f05Hpg. 1,

t he pressurizing process outlined in block 20 may include an acconpanyi ng
step of keeping device structures 44 submerged to ensure mcroel ectronic

t opography 40 is not dried and/or devi @8 structures 44 are not exposed
prior the process chanber being pressurized with the fluid referenced in
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block 16 is not sufficient to prevent mcroel ectronic topography 40 from
bei ng dri ddecrandier device stisiciuies defomy beingnexrosesl e dte duiesswizinge
pressurizbﬂ%eggocess. [ 0059] For reasons simlar to those described in

ref erence™t 0 bBrock 16, it nmay be advantageous, in some enbodi nents, to keep
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formul ation 56 and the pressurizing gas in the process chanber by at | east
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gas in the process chamber by at ieast 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. In some cases,
however, smaller submersion buffers may be considered. In yet other
embodiments, similar to the discussions for the process described in reference to
block 16, keeping device structures 44 submerged during the pressurizing
process is not necessarily required for the methods described herein. In
particular, the methods may alternatively keep liquid upon microelectronic
topography at a level below the upper surfaces of device structures 44 for the
pressurizing process.

[0060] As noted above and in block 20 of Fig. 1, the fluid is introduced in the
process chamber in a gas state. In this manner, a distinguishing liquid-liquid
interface between the fluid and liquid formulation 56 may be avoided. In
particular, it is the objective to incorporate the fluid into liquid formulation 56
during the processes outlined in blocks 20, 24, and 26 such that liquid
formulation 56 may be gradually diluted. Such an incorporation of the fluid may
be attainable by introducing the fluid in a gas state into the process chamber.



however, smaller subnersion buffers may be considered. In yet other

enbodi nents, simlar to the discussions for the process described in
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process cbhealobethe Gitichl Eenpperass ,of hloswvier added thereto) and, thus, the fluid in a
liquid state may be generated in the process chamber. Such a process, however,
does not necessarily create a distinguishable liquid-liquid interface between the
fluid and liquid formulation 56. As noted above, the introduction of the fluid in a
gas state serves to incorporate the fluid into liquid formulation 56 while
pressurizing the process chamber. Upon attaining saturated vapor pressure, the
fluid transforms into a liquid state and, thus, the introduction of the fluid in the
process chamber in effect facilitates mixing the fluid in a liquid state with the
resulting liquid formulation upon attaining saturated vapor pressure. Although the
process of pressurizing the process chamber (i.e., introducing the fluid into the
process chamber in a gas state and eventually transforming the fluid into a liquid
state) may be sufficient to prevent the formation of a liquid-liquid interface, in
some cases liquid formulation 56 may be specifically configured to further
minimize or prevent the formation a liquid-liquid interface. In particular, liquid
formulation 56 may, in some embodiments, include a material which increases

the dispersion forces of the two fluids, such as a surfactant.



does not necessarily create a distinguishable liquid-liquid interface
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exanpl e, \éﬁgr%bgﬁi [[ob%[[][ain a supercritical state of the fluid. For example, when carbon
dioxide is used to pressurize the process chamber, it may be advantageous to
limit heating the process chamber to a temperature between approximately 31°C
and approximately 60° C and, in some embodiments, between approximately
31°C and approximately 40° C. Higher temperatures, however, may be
employed. In some cases, it may be advantageous to heat the process chamber
to a temperature range one or more degrees above the critical temperature of the
fluid to ensure a supercritical state of the fluid may be maintained for the venting
process described in reference to block 34. For example, when carbon dioxide is
used to pressurize the process chamber, it may be advantageous to heat the
process chamber within a temperature range between approximately 35° C and
approximately 40° C. Other temperature ranges may be considered.
[0064] In some embodiments, the process of providing the heated environment
(i.e., block 32) may be conducted subsequent to pressurizing the process
chamber. In other words, the process of pressurizing the process chamber may
be conducted within a temperature range below the critical temperature of the
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enpl oyed. In sone cases, it may be advantageous to heat the process chanber
to a tenperature range one or nore deg?ées above the critical tenperature
of the fluid to ensure a supercritical state of the fluid nay be maintained
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flow of t hrbroblbunng thetsecbhe flomookethe ftlidirterthé iprecessseregmsb&(j.e., steps 20,
24, and 26). In other embodiments, the process of providing the heated
environment may be additionally conducted prior to or while adding one or more
of the non-aqueous liquid chemical formulations to the microelectronic
topography (i.e., block 16) and/or prior to or while transferring the microelectronic
topography to the process chamber (i.e., block 14). In yet still further cases, the
non-aqueous liquid and/or fluid used to pressurize the process chamber may be
heated prior to entering the process chamber. In any case, the critical
temperature may be maintained thereafter until at least the venting process
described below in reference to block 34 is conducted. In this manner, the fluid
transforms and remains in a supercritical state when the critical pressure of the
fluid within the process chamber is attained.
[0066] An advantage of providing a heated environment such that the fluid is at
or above its critical temperature prior to, during, and subsequent to pressurizing
the process chamber is that it may be more time efficient to do so versus
providing the heated environment after pressurizing the process chamber. As will
be set forth in more detail below in reference to the process chamber illustrated in
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still further cases, the non-aqueous I?Guid and/or fluid used to pressurize
t he process chanber may be heated prior to entering the process chanber. In
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pure fl| ownoh-agokuentiquidichesrica dommulbtioskelsenesdiindslockut6.ng t he addi tion of
one or m)EOGOGOIt] tF?e(afgardless of when the fluid within the process chamber is heated to its
critical temperature, the method may, in some embodiments, continue to block 24
subsequent to attaining a chamber pressure at or greater than a saturated vapor
pressure or the critical pressure of the fluid. In particular, a second flow of the
fluid may be introduced into the process chamber. In some embodiments, the
second flow of the fluid may be a pure flow of the fluid (i.e., without
supplementary solvents or surfactants added to the process chamber as
described for various embodiments of block 20). In this manner, the process
chamber may be flushed of any supplementary chemicals added during the
pressurizing process. In embodiments in which no supplementary chemicals
were added during the pressurizing process, the process outlined in block 24 may
in some cases be omitted and the introduction of the first flow of the fluid used to
pressurize the process chamber may continue. In embodiments in which the
second flow of the fluid is not a pure fluid, a third flow of pure fluid may be used

prior to the venting process to ensure all processing adjuncts are removed.



non- aqueous liquid chemcal formulations referenced in block 16. [0067]
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saturated vapor pressure or the critical pressure of the fluid. In
particular, a second flow of the quidzﬁay be introduced into the process
chanber. I n sone enbodi nents, the second flow of the fluid may be a pure
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i ntroduction of the second flow of the fluid is ceased as shown in bl ock 30
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temperature at block 30, the venting process may continue and be part of the
venting process outlined in block 34.
[0069] The venting process outlined in block 34 and depicted as process 59 in
Fig. 7 differs from the venting process 58 in that venting process 59 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, venting
process 59 is conducted in a manner sufficient to prevent formation of a liquid in
the process chamber. For example, in the first scenario, venting process 59 may
be performed by venting the process chamber at a rate that allows direct
transition of the fluid from the supercritical state to the gas state without formation
of a liquid phase. In particular, the vent rate may be controlled to avoid
expansion cooling leading to formation of liquid droplets in contact with
microelectronic topography 40. In some cases, however, the transition process
may be time consuming, such as when carbon dioxide is the supercritical fluid. In

particular, supercritical carbon dioxide has a high Joule-Thompson coefficient of



the fluid to assune a supercritical state for the subsequent vent process
outlined in block 34. In alternative enbodinents in which the fluid is at
its critiwal2otoaspiysat ure at bl ock 30, the venting proce®sTnmgomontdpmnue and
be part of the venting process outlined in block 34. [0069] The venting
process outlined in block 34 and depicted as process 59 in Fig. 7 differs
fromthe venting process 58 in that veﬁ?ing process 59 is used to either
transformthe supercritical fluid into a gas state or flush the
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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.
[0071] 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.
[0072] As noted above, Fig. 8 illustrates an exemplary process chamber for
performing one or more of the process steps of the methods described herein.
As shown in Fig. 8, process chamber 60 includes substrate holder 62 configured
to support a microelectronic topography and further includes vessel 66 configured
to contain substrate holder 62. In addition, process chamber 60 includes one or

more fluidic line/s 68 for supplying wet chemistry to the vessel. The wet



t he process chanber. As a consequence, pressure with the process chanber
can be reduced at a nuch faster rate w thout damage to features on the

m cr oel ecwoaniow3szypogr aphy. I n addition, such a techni gereTdse®onot4ocause a
liquid to be formed within the process chanber and, thus, concerns of
feature coll apse are abated. Exenplary supercritical fluids which may be
used for an accel erated venting procesggi nclude but are not limted to

hel ium argon, nitrogen, oxygen, and m xtures thereof. [0071] In any case,
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[0073] As further shown in Fig. 8, process chamber 60 includes sealable
region 70 surrounding substrate holder 62 and vessel 66. Region 70 may be
sealed by gate 74 at which microelectronic topographies may be loaded and
unloaded from the process chamber. In some embodiments, shaft 64 of
substrate holder 62 may be moveable as denoted by the doubled arrow in Fig. 8
to aid in load and unload procedures. Process chamber 60 further includes one
or more fluidic line/s or port/s 76 for supplying one or more gases to sealable
region 70. The gases may include any of the fluids discussed in reference to the
processes outlined in blocks 10-34 of Fig. 1, including gases for etching a
sacrificial layer encasing device structures of a microelectronic topography as
well as pressurizing the process chamber and venting the process chamber. The
process chamber is configured to generate and withstand pressures greater than
approximately 1000 psig within sealable region 70. In this manner, the process
chamber is configured to transpose gaseous fluids, such as carbon dioxide or

sulfur hexafluoride, into a supercritical state within sealable region 70.



relative to substrate holder 62 and having sidewalls sufficient to provide
a bath of anple depth to enconpass substrate hol der 62 and a

m cr oel ecwoaniow3szrpogr aphy resi di ng thereon. [0073] As famtusesossbrasm in
Fig. 8, process chanber 60 includes seal able region 70 surrounding
substrate hol der 62 and vessel 66. Region 70 may be seal ed by gate 74 at
whi ch m croel ectroni c topographies nay3Be | oaded and unl oaded fromthe
process chanber. I n sone enbodi nents, shaft 64 of substrate hol der 62 may
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further inol hrdmed)tmheatmg)a:cal 78 arranged along the mterlor of S|dewalls 72 as shown

in Fig. 8. In some embodiments, heat may be additionally or alternatively
provided to process chamber 60 via the fluids introduced through fluidic lines 68
and 76. In particular, fluid storages supplying such fluids and/or the fluidic lines
may be equipped with heating mechanisms.

[0075] As noted above, the components of process chamber 60 depicted in
Fig. 8 are not necessarily drawn to scale and the chamber and the components
comprising the chamber may include different configurations. In addition, process
chamber 60 may include components which are not shown in Fig. 8. Such
auxiliary components are not shown in the figure merely so the components
shown and described may be emphasized.

[0076] The various embodiments discussed to this point have assumed the
microelectronic topography 40 has an aqueous liquid remaining thereon as a
byproduct of a rinse process after an etch process. However, in other
embodiments the microelectronic topography 40 may be rinsed as described, but
the rinse process may include a step of removal of aqueous liquids from the
microelectronic topography, but leaving other rinse liquids (i.e., the rinse liquids



heati ng mechani sns for heating seal able region 70. The one or nore heating
mechani sns may be of any form known to those skilled in the art including
but not IWwoizbm3tzrsheating coil 78 arranged al ong the i rC&niSee09os7490 dewal | s
72 as shown in Fig. 8. In sonme enbodi ments, heat may be additionally or
alternatively provided to process chamber 60 via the fluids introduced
through fluidic lines 68 and 76. In papﬂicular, fluid storages supplying
such fluids and/or the fluidic Iines may be equi pped with heating
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may be actRinpyedspeddigd’Hnm mesangr syotaeisraeinst feaiungacaliapae pausady, t he

m cr oel ect,r onl | . . ter is renoved
fromthe mecmsgq ILC@FCE%I’H?@ %o%%lﬁggﬁgé&?%g\(/jﬁ%g,aolmq@& Qﬁé'{% drous rinse fluid
{e.g., iSOy Thal eadmls, nmetindsediecgsseebhbows h@%;mb%goaddihg Morcag@d® et r oni ¢
t opogr aph Thoug{(\?kall t he aqueous liquid used for rinsing subsequent to

t he sel ecﬁ‘ﬁ@)@s dp é‘%p?lﬁﬁfuﬂﬁ{?.@ tﬁ@eﬁhqfé%ﬂléﬂodﬁ%@oraﬂsé'uﬁh'agi @ej pae f

Teraome SEESTEYARSLHEL Fochna TAAIRE 4 Blocte Pl 0 ey 541 e

| i qui d- | i maydoe nsed taoanove the rinse liquids from the microelectronic topography 40.
Stated otherwise, in cases where the aqueous liquid remnants are completely
removed as part of the rinse process, and only anhydrous rinse liquids remain on
the microelectronic topography, the non-aqueous liquid chemical formulations are
used to remove, emulsify, and/or dissolve the rinse liquids. Thus, remaining rinse
liquid will be miscible in the non-aqueous liquid chemical formulations, or the
remaining rinse liquid may be the same as the non-aqueous liquid chemical
formulations.
[0078] Referring again to Fig. 8. The various embodiments discussed to this
point have assumed that the wet chemistry applied to the microelectronic
topography has been limited to the vessel 66. For example, when the non-
aqueous liquid is supplied to submerge the microelectronic topography and to
dissolve and/or emulsify the aqueous liquids, that submersion is by supplying the
non-aqueous liquid to the vessel 66. However, in other embodiments supplying
the wet chemistry is not limited to supplying only to the vessel 66. In particular, in
other embodiments adding the non-aqueous liquid chemical formulations involves
providing the non-aqueous liquid chemical formation to the process chamber until



[0077] The various nethods di scussed above regardi ng addi ng non-agueous

|l iquids (block 14), pressurizing the chanber (bl ocks 20-24), flushing the
non aqueowe® 2biogsszys (bl ocks 26-30), and venting the proeesasehanbapo 34

(bl ock 34) may be used to renove the rinse liquids fromthe m croel ectronic
t opography 40. Stated otherw se, in cases where the aqueous liquid remants
are conpletely renoved as part of the PEnse process, and only anhydrous
rinse liquids remain on the mcroel ectronic topography, the non-agueous
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be the sane as the non-aqueous |iquid chem cal formulations. [0078]
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aqueous liquid chemlcal formulation and the pressurizing fluid is higher at higher

concentrations of the non-aqueous liquid chemical formulation, and lower at the
lower concentrations of the non-aqueous liquid. Inasmuch as the overall goal is
to remove the aqueous liquid (or other rinsing fluid) with fluid having low surface
and/or low interfacial tension, the tendency is to use as little non-aqueous liquid
chemical formulation as possible, and as much pressurizing fluid as possible. In
other words, when the mixture of the non-aqueous liquid chemical formulation
and the pressurizing fluid is created in the process chamber, the tendency is to
use very little non-aqueous liquid chemical formulation such that the mixture has
low surface and/or interfacial tension.

[0080] However, the inventors of the present specification have found that by
using relatively high concentrations of the non-aqueous liquid chemical
formulation, and relatively low concentrations of pressurizing fluid in the
pressurizing (blocks 20 and 24), the amount of time needed for the non-aqueous
liquid chemical formulation (and absorbed aqueous liquid) and pressurizing fluid
to form a homogenous mixture is substantially reduced. For example, in the
illustrative case of ethanol as the non-aqueous liquid chemical formulation filling



are instructive. Firstly, it is noted that providing the non-aqueous |iquid
chem cal fornulation to the process chanber until at |east 90% of the

vol une cowproedsei’ae non- aqueous |iquid chem cal fornul &Cirars2o00057408 | i ng

t he processing chanmber, is a counterintuitive step. In particular, the
surface tension of a mxture of a non ggueous liquid chem cal fornulation
and the pressurizing fluid is higher at® hi gher concentrations of the

non- aqueous liquid chem cal fornulation, and |lower at the | ower
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as a very lo solu%ilil’?yefnor%%ny supercritical
fluids like dense carbon dioxide, polar cosolvents like ethanol can be used to
greatly enhance the solubility of water in dense carbon dioxide mixtures. Higher
aqueous solubility maintained in homogeneous phase behavior reduces or
eliminates interfacial tension forces present in multiple phase fluid systems.
Evaluation of the ternary phase diagram for water, ethanol and carbon dioxide
indicates that increases in the amount of water relative to the carbon dioxide
imply larger amounts of ethanol to avoid a heterogeneous multiphase system.

[0082] The ability to remove greater volumes aqueous liquid translates into at
least two possible processing cycle time reductions. The first cycle time reduction
is that less processing may be needed to reduce the amount of water prior to
implementing the method of Figure 1. For example, in some embodiments the
amount of water on a microelectronic topography may be lowered by rinsing in
successively (in some cases linearly) changing concentrations of deionized water
and solvent (which solvent is soluble in the pressuring fluid), starting with higher

concentration of deionized water, and ending with lower concentrations of



further processing reduces the possibility of the mcroelectronic
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fluid), spaviehfisg Mddiuft adhflaps®NGRRIT ahicedelettrslat ObpRilapmesr . Eodh&ndi ng
with | ower concentrations ofdeionized water. Wth the vol ume of non-aqueous

l'i quid chmﬂoha‘matlom And altearatiye winmigpdimestst &f vaneualsispeety of thalpyentiomile

vt o al ofe, abpralft Bunkre SRR ITIRE KER Vb MRl T cedpffees <
wat er. Rehmit@slymahhof aid exdrvipkes ore@tmty@l herein aigeleatdnl diokidd aseafsd e

illustrative nmethod above nmay be applied as a batch process to a pI urality
of ni cr oePERSSHBANE atW@G@ﬁ%ﬁhﬁ@@ebﬁngaﬁé@'@wﬁ\ﬁéPBT%'F'%'ﬁt’[?’[e@ih%@W % and

o et SRS B Pl PRl n S RRRRE, ARSI R SRRl GR 4 1, L1
to provi deo betcbostsuehds ﬂl;astramma cbrdy and is for the purpose of teaching those skilled
in the art the general manner of carrying out the invention. It is to be understood
that the forms of the invention shown and described herein are to be taken as the
presently preferred embodiments. Elements and materials may be substituted for
those illustrated and described herein, parts and processes may be reversed, and
certain features of the invention may be utilized independently, all as would be
apparent to one skilled in the art after having the benefit of this description of the
invention. Changes may be made in the elements described herein without
departing from the spirit and scope of the invention as described in the following

claims.



preventing feature collapse within mcroel ectronic topographies. Further
nodi fi cations and alternative enbodi nents of various aspects of the

i nvent i orwei2bio/dses7apparent to those skilled in the art POTMISeN9OE740Hi S
description. For exanple, although many of the exanples described herein
cite carbon dioxide as a fluid for pressurizing a process chanber and
assum ng a supercritical state, the nmettRods and systens described herein
are not so limted. Accordingly, this description is to be construed as
illustrative only and is for the pur({a)@ﬁﬁgf teaching those skilled in the
art the general manner of carrying o t invention. It is to be
under st ooilyd Blatimt he forns of the invention shown and descri bed herein are
to be taken as the presently preferred enbodi nents. Elenments and naterials
may be subst it GteathogicanIdng:| | ust rat ed and described herein, parts and

processes nay EE\ST Ver $Re ?I@Bfﬁorﬁgrtﬁgbgrafpﬂ LHEBE 8T prbBEsd @ﬁﬁl’?ﬁoiepnin be
utilized i ndepénde y, a as wou € apparent t'o one skilled In e art
after having the bepefoessahantbes ttiesmicrgelectrorod topegraphe tiasoan firsEhénsges may

be made in the el enpnts described herein w thout departing fromthe spirit
and scope of the | nRHBIOOR SYTRREBFTERATANGRe 1ol | ow ng of ai Mo, CLAI VB Ve
claim 1. A mﬂ%F&ﬁbiﬁ%”Hr S8ty rﬁ)ﬁs%c'll?%{')cﬁ ! Qlﬁé’ﬁt)ﬁf&b‘sf’nbﬁahﬁép%rﬁ@hbhé nsi de
a process chanper, 1h the process chanber the croel ectroni ¢ topography

has a first rinse | imicrodlestronicdapdgraphy fseswmhergeddandhérenpr ovi di ng a second

rinse liquid to the.progcess chanber until the nicroelectronic, tapography is
subnor ged:  andPIaSSHIAPEEE Progets GHASTLG e aY G amp@sshing ul diferdnt™™Y
pressurizing fluid, thinf fier esdorioh@isd GuiaegrNerdskgand ivii Bressbfe within

pressurizing until pressure within the process chanber exceeds a
predet ermi ned pr essthee PEICESs cehanker @0Eedssa redeigrmined R@ssuigggraséeipr ocess

orocess chanber .t nEEeR e Ll ancousi y pr ovi ding the pressri zi ng
fluid continui pgntifyf i thea process chamber while simultaneously providing the
pressurizing fluid to the process chamber, the venting and
simultaneously providing the pressurizing fluid continuing until a
concentration of the pressurizing fluid in the process chamber is
greater than a predetermined threshold, and the venting and
simultaneously providing the fluid to the process chamber such that
the pressure in the processor chamber stays above the
predetermined pressure greater than 1000 psig; and then
venting the process chamber in a manner which prevents formation of

liquid in the process chamber.

2. The method of claim 1 wherein the first rinse liquid on the surface of the

microelectronic topography further comprises an aqueous liquid.

3. The method of claim 1 wherein providing the second rinse liquid further

comprises providing a non-aqueous liquid chemical formulation.

4. The method of claim 3 wherein providing the non-aqueous liquid chemical

formulation further comprises providing at least one selected from the group



concentration of the pressurizing fluid in the process chanber is greater
than a predeterm ned threshold, and the venting and sinul taneously

provi di ngwvohe1odses7d t o t he process chanber such that thecprissegns’4svm t he
processor chanber stays above the predeterm ned pressure greater than 1000
psig; and then venting the process chanber in a manner which prevents
formation of liquid in the process chafBer. 2. The nethod of claim1
wherein the first rinse liquid on the surface of the m croel ectronic

wner i n prRlEIRE o ceahah oA RGeandhSoprpoallt  FEGRE, Srlindy s
non- aqueogsntianguand bbgtaineal formulation. 4. The nethod of claim 3 wherein

provi di ng the non-aqueous liquid chem cal fornmulation further conprises
provi ding at | east one selected fromthe groupconsisting of: ethanol;

met hanol ; gprop%pg!mesgaawf%m% i:vh%?éj{w%ﬁiﬂiﬁﬁ’iﬁ@%nmﬂﬁlig%‘%ﬁﬁﬂﬂcﬁpe- S

The nmethod of claim 3 wherein provi e~non- aq urd em cal
f or nul at i formfulatiome furtbenoonsEisegr qiidiablly obhagigignthet bempositiosi dfi e nbnt he non

aqueous |iquid chem cal forpulation while providing. 6. The nmethod of claim
1 wher ei n@BYSR/ A Pﬁ%‘“?@iaﬁﬁ‘uﬁqmé‘é”%kcﬂfpg'dmﬂ*t her conprises providing a
sol vent conprising 25% or |ess water by weight. 7. The nethod of claim®6
wherein providing the solvent further conprises providing at | east one

sel ect ed 6rom The metdwp efociginstli whetin peovidingl thensadoadoiinsepligqparfoither

i sopropangl ; acetone: .hexane; pentane: hept ane., 8. The nethod of claim
" oher o nopBOre RvdiaS & 20Fieat FPRENSiporite 4° Rsttiaser e MBos or ovi di ng
second rinsing fluid to the process chanber until at |east 90% of the

vol ume of the process chanber conprises the second rinsing fluid. 9. The
met hod of 7cl ai the mgathosi of pleini @iwhpreineprorisingl the sebvent durithert eampiges

conprises _filli rac Iy MM - Ny | o 10. The
et hod o P B ke B SRl R i O S FERRL Syt b
conpr i Sestﬁam@r;gédwomeé@tm;mgnej seritapegiriaptaneh that the upper
surface of the mcroel ectronic topography is below a |liquid-gas interface
by at
8. The method of claim 1 wherein providing the second rinsing fluid further
comprises providing second rinsing fluid to the process chamber until at least

90% of the volume of the process chamber comprises the second rinsing fluid.

9. The method of claim 8 wherein providing the second rinse liquid further
compirises filling the process chamber with the second rinse liquid.

10.  The method of claim 1 wherein providing the second rinse liquid further
comprises submerging the microelectronic topography such that the upper
surface of the microelectronic topography is below a liquid-gas interface by at

least 3 millimeters.

11.  The method of claim 1 wherein pressurizing the process chamber further
comprises pressuring the process chamber by way of the pressurizing fluid until
the process chamber reaches a pressure equal to or greater than a critical
pressure of the pressurizing fluid.



least 3 mllinmeters. 11. The nmethod of claim 1 wherein pressurizing the
process chanber further conprises pressuring the process chanber by way of
t he presswoizaionged7sui d until the process chanber reache®Ca/yse@v®sT400 equal
to or greater than a critical pressure of the pressurizing fluid.12. The
met hod of claim 1 wherein pressurizing _further conprises pressurizing with
the pressurizing fluid being at | east 3he sel ected fromthe group

consi sting of: carbon dioxide; and sul fur hexaflouride. 13. A system

conprising, a t | : I i figured
o i t hst R py LodrDet 3 BBFh Mk T Bt S Rurd T oo eRar RSy O

t he procegghahemressremy flsidrginy aeledst ionersyledtealftona tiselgedupatendistirder

di sposed within the process chanber, the substrate hol der configured to
support aPf:icagan ¢axidsiard pulfw haxaflowdifri ses a microel ectroni c t opogr aphy;
a first fluid inlet port coupled to the process chanber and a source of non
aqueous liquid chemcal fornulation mscible in carbon di oxide, the system
confi gured3t o Arsystate comprigimg: aqueous |iquid chem cal formulation through
first fluid port to the seal able r&?fi on until the mcroel ectrh)nic

t opogr aphy is SuBfRS§RLham CH}?& riliicd Anpedlablgy Ee%%;ﬂ@d_CPB 94€dpi%cess
chamber and a Sourcﬁ/itﬁgtaﬁar?@%sﬁe%xb t%rf) ﬂ?aéfgi)lbggb%lg ggﬁ\h' 10 %Qalgﬁle

pressurize the seal abl e region wth™car [ above a predet erm ned
pressure greater thegidodbe psiagsswhambehcompricigsa oiedatiematersala pressure of

above 1000 psig the . systemis configured to sinmultaneously vent flujid from
the seal abl o r Sgr i aIE R SSkaD iR bk Bisaess CEraSer b7 Supaksn wni o
mai ntai ni ng the prepgkee chhfidlirad tdSuBBEIE aBlRash G SlibstRAY hdttenipredster m ned
pressure; and when the carbon di oxi de concentration in the internal volune

is 95%or greater tAECTOBIOCHANICIOR@EIAPYYred to vent the seal abl e region such
that liquid Caé%& fluid inlet port coupled to the process chamber and a source of non-

aqueous liquid chemical formulation miscible in carbon dioxide, the
system configured to provide the non-aqueous liquid chemical
formulation through first fluid port to the sealable region until the
microelectronic topography is submerged;

a second fluid inlet port coupled to the process chamber and a source of
carbon dioxide, the system is configured to pressurize the sealable
region with carbon dioxide to above a predetermined pressure
greater than 1000 psig; when the process chamber has a pressure
of above 1000 psig

the system is configured to simultaneously vent fluid from the sealable
region and provide carbon dioxide to the sealable region while
maintaining the pressure within the process chamber above the
predetermined pressure; and when the carbon dioxide
concentration in the internal volume is 95% or greater

the system is configured to vent the sealable region such that liquid carbon
dioxide is not formed.

14.  The system of claim 13 wherein the system is configured to provide the

non-aqueous liquid chemical formulation to the sealable region until at least 90%



dioxide is not formed. 14. The system of claim 13 wherein the systemis
configured to provide the non-aqueous |liquid chemcal formulation to the
seal abl e wognowv3esTsi | at | east 90%f the vol une of the eealtsbiog/nsmgs on
conprises the non-aqueous liquid chem cal fornulation. 15. The system of
claim 13 further conprising a vessel within the seal able region, the system
configured to provide the non-aqueous I3?qui d chem cal fornulation to the
vessel until the mcroel ectronic topography is subnerged. 16. The system of

P L e e e

syst em of farhmildatioh3 wherein the predeterm ned pressure is the critical
pressure of carbon dioxide. 18. The system of claim 13 wherein the system
is configured to provide the non-aqueous |iquid chem cal fornmulation

through t H‘?i fi "rﬁ&a{;)sﬂ-:'lrﬂ RO SN ipSr Rogtaig ‘é’;\ggs@l Wtﬂirfﬂ?é @%I%\%aegi on

is substantially nospheric pressure. emof clarm erein
t he subst regien,h el esystem convifiguuec diot prdvidiel thephonaquepusf ligliidt chernical

substrates, each substrate co isin m cr oel ectroni.c topogr aphy.
?ormu at%n to tﬁe vessel un’glpthe mlcPoe?ectronlc topograp%y is sublj%ePgeoP y

16. The system of claim 13 wherein the process chamber is configured to

transpose carbon dioxide into a supercritical state within the sealable region.

17.  The system of claim 13 wherein the predetermined pressure is the critical

pressure of carbon dioxide.

18.  The system of claim 13 wherein the system is configured to provide the
non-aqueous liquid chemical formulation through the first fluid port when the

pressure within the sealable region is substantially atmospheric pressure.

19.  The system of claim 13 wherein the substrate holder is configured to hold
a plurality of distinct substrates, each substrate comprising a microelectronic

topography.



