
METHODS AND SYSTEMS FOR PREVENTING FEATURE COLLAPSE DURING MICROELECTRONIC
TOPOGRAPHY FABRICATION 1. Field [0001] The various embodiments relate to
methods and systems for processing a microelectronic topography and, more
specifically, to methods and systems for preventing feature collapse
subsequent to etching a sacrificial layer encasing the features. 2.
Description of the Related Art [0002] The following descriptions and
examples are not admitted to be prior art by virtue of their inclusion
within this section. [0003] The fabrication of microelectronic topographies
comprises a plurality of processing steps including but not limited to
depositing, 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 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 thesame detriments as rinsing with deionized water. In particular,
although the rinse solutions have lower surface tensions than deionized
water, the solutions do possess some level of surface tension and, thus,
are susceptible to causing feature collapse, particularly as width
dimensions of features continue to decrease. In addition, some etch
solutions and/or byproducts may not be as soluble in rinse solutions having
lower surface tensions (i.e., as compared to deionized water) and, thus,
such rinse solutions may not be as effective for removing residual etching
matter. As such, an alternative technique often used for inhibiting feature
collapse is to dry a microelectronic topography rinsed with deionized water
in an environment of a supercritical fluid, since supercritical fluids are
free of surface tension. Although such a technique has shown to reduce the
occurrence of feature collapse, it has not proven to reliably eliminate it.
[0005] As such, it would be advantageous to develop methods and systems
which reliably prevent feature collapse within a microelectronic topography
while 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 aqueousliquid arranged upon the topography's surface due to
exposure to a deionized 



water rinse process; [001 1] Fig. 5 depicts a cross-sectional view of the
partial and exemplary microelectronic topography depicted in Fig. 4 having
the device structures of the topography submerged within a non-aqueous
liquid chemical formulation; [0012] Fig. 6 depicts a cross-sectional view
of the partial and exemplary microelectronic topography depicted in Fig. 5
subsequent to a venting process for removing the non-aqueous liquid
chemical formulation from the microelectronic topography; [0013] Fig. 7
depicts a cross-sectional view of the partial and exemplary microelectronic
topography depicted in Fig. 6 subsequent to a venting process used to
transform a supercritical fluid in the ambient of the microelectronic
topography into a gas state or flush the supercritical fluid from a process
chamber comprising the microelectronic topography in a flow-through
process; [0014] Fig. 8 depicts a cross-sectional view of an exemplary
process chamber 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 shouldbe interpreted to mean
"including, but not limited to... ." Also, the term "couple" or 



"couples" is intended to mean either an indirect or direct connection.
Thus, if a first device couples to a second device, that connection may be
through a direct connection or through an indirect connection via other
devices and connections. [0018] "Fill", "filling" and "filled", in
reference to providing a rinse liquid (e.g., non aqueous liquid) to a
process chamber, shall mean displacing substantially all the volume within
a process chamber with the rinse liquid such that there are no appreciable
liquid-gas interfaces. However, the presence of liquid-gas interfaces in
isolated regions {e.g., inlet ports for providing other liquids or gases,
locations of limited size on the upper surfaces of the chamber where rising
liquid traps gasses) shall not obviate the status of a process chamber as
having been filled. [0019] "Venting" shall mean the removal of fluids
(whether sub-critical or supercritical) from a process chamber. However,
venting shall not be read to require discharging removed fluids to
atmosphere, and thus whether the removed fluids are discharged into the
atmosphere, provided to a scrubbing system, or stored in container, removal
of the fluids shall still be considered venting. [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.[0023] "Rinse
liquid" shall mean a substance applied to a microelectronic 



topography as part of a rinse step (e.g., an aqueous liquid), or a
substance applied to a microelectronic topography to dilute, emulsify or
remove a substance applied in a rinse step (e.g., to dilute or remove an
aqueous liquid). DETAILED DESCRIPTION [0024] Turning now to the drawings,
exemplary embodiments of methods and systems for preventing feature
collapse within microelectronic topographies are illustrated and described
in reference to Figs. 1-8. In particular, a flowchart of an exemplary
method for preventing feature collapse within a microelectronic topography
is depicted in Fig. 1. Figs. 2-7 illustrate cross-sectional views of
partial and exemplary microelectronic topographies during intermediate
stages of the method outlined in Fig. 1 and, thus, are discussed in
conjunction with Fig. 1. It is noted in reference to Figs. 2-7 that
elements shown in more than one figure and that may be similarly configured
have been indicated using the same 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 microelectronictopography may
alternatively be referred to as a "semiconductor topography" and, as such,
the terms are used interchangeably herein. 



[0026] Furthermore, process chambers used to perform one or more of the
process steps of the methods described herein are not restricted to Fig. 8.
For instance, a process chamber may include additional or alternative
components not shown in the figure. It is also noted that the components of
the process chamber 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, the topographies illustrated in
Figs. 2-7 are not necessarily drawn to scale. In particular, the scale of
some layers and/or structures in some of the figures may be greatly
exaggerated to emphasize characteristics of the topographies. Furthermore,
the layers depicted in the figures may extend to other regions of the
semiconductor topography as indicated by the curved lateral edges of the
layers. As such, the methods and systems described herein are not
necessarily limited to the depictions in the figures. [0027] As 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.[0028] The material of device structures 44 may include
any material used in 



the semiconductor industry for conductive device structures, including but
not limited to polysilicon, aluminum, copper, titanium, titanium nitride,
tungsten, and/or any alloys thereof. Although the methods described herein
may be applied to topographies having device structures of any dimension,
the methods may be particularly applicable to topographies having devices
structures with aspect ratios equal to or greater than approximately 10:1 ,
since device structures with such aspect ratios are generally more
susceptible to feature collapse. The term "aspect ratio," as used herein,
refers to a ratio of height to width of a feature. Exemplary widths for
device structures 44 may be between approximately 10 nm and approximately
100 nm and exemplary spacing between device structures 44 may be between
approximately 15 nm and approximately 35 nm. Widths and/or spacing of other
dimensions, however, may be considered, particularly as technology develops
to decrease device dimensions. Although not necessarily so limited, device
structures 44 may, in some embodiments, be formed by a 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 (SiO2) ,
tetraorthosilicate glass (TEOS), silicon nitride (SixNy), silicon
oxynitride (SiOxNy(Hz)), 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
devicestructures are exposed. As shown in Fig. 3, selective etch process 48
may, in some cases, be conducted such that device structures 44 are free
standing. In any case, it is noted that device structures 44 comprise an
upper surface of microelectronic topography 40. The selective etch process
may remove the entirety of sacrificial layer 46 across microelectronic
topography 40 or may only remove a portion of sacrificial layer 46 in the
vicinity of device structures 44. In the latter embodiment, portions of
sacrificial layer 46 slated to remain within microelectronic topography 40
(i.e., the portions of sacrificial layer 46 not in the vicinity of device
structures 44) may be masked for the selective etch process. [0031] In any
case, the selective etch process may include a wet or dry etch process and
may employ chemistries applicable for removing sacrificial layer 46 while
substantially retaining device structures 44. An exemplary dry etch process
may employ, for example, a chlorine or fluorine-based plasma etchant, such
as CF4 and/or CHF3. Alternatively, an exemplary wet etch process may
employ, for example, a solution of concentrated hydrogen fluoride. For
instance, a solution 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.In some cases, rinse process 50 may employ a single rinse
formulation (i.e., a single aqueous liquid formulation without having its
composition altered during the rinse process). In alternative embodiments,
rinse process 50 may employ multiple and different rinse formulations
successively added to microelectronic topography 40. In particular, rinse
process 50 may include sequentially adding aqueous liquid formulations
having varying concentrations of deionized water to microelectronic
topography 40. In yet other cases, rinse process 50 may include gradually
changing the composition of a rinse solution added to the microelectronic
topography (e.g., by changing the concentration of water in the solution).
In this manner, the rinse solution on the microelectronic topography and
its associated surface tension may be changed in a linear fashion as
opposed to a graduated manner. [0033] In any case, it may in some cases be
advantageous to employ an aqueous rinse formulation which primarily
includes deionized water and, in some cases, consists essentially of
deionized water at least some point during rinse process 50 and, in some
cases, specifically at the beginning of the rinse process. 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 rinseprocess 50) in some embodiments and may be advantageous in its own
right depending on the specifications of the fabrication process. [0034] In
any case, as noted above, rinse process 50 may in some cases include adding
rinse formulations having varying concentrations of deionized water to
microelectronic topography 40 or may include gradually changing the
composition of a rinse solution added to microelectronic topography 40 by
changing the concentration of water in the solution. In such embodiments,
the balance of the one or more aqueous liquid formulations (i.e.,
components other than deionized water) may include one or more liquid
materials having lower surface tensions than deionized water. Suitable
materials include polar or nonpolar solvents and solvent mixtures including
but not limited to hexane, pentane, heptane, methanol, ethanol, propanol,
isopropanol, and acetone. [0035] Further to such cases, the rinse
formulation/s may in some embodiments be configured to decrease the
concentration of deionized water added to microelectronic topography 40 as
rinse process 50 progresses. It is theorized such a configuration of rinse
process 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
microelectronictopography. Then, a 1: 1 ratio of an ethanol:water solution
may be added followed by a solution having a 9:1 ratio of ethanol to water.
In alternative embodiments, increasing amounts of ethanol may be added to
the flow of the deionized water formulation as the rinse process
progresses, in effect gradually lowering the concentration of water within
the rinse formulation (e.g., from 95% water to 5% water). [0037] 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 citation of
ethanol noted above are merely cited for exemplary purposes and, thus, the
methods described herein should not be limited to such examples.
Furthermore, it is noted that in some embodiments, the relative amounts of
deionized water in the rinse formulation/s added to the microelectronic
topography may not successively decrease as the rinse process progresses
and, thus, the methods described herein should not be so limited. [0038] In
any case, as shown in Fig. 4, remnants 52 of an aqueous 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 onmicroelectronic topography 40 to prevent the topography
from drying (e.g., by evaporation or movement of the aqueous liquid) prior
to performing the sequence of process steps outlined in blocks 16-34 of
Fig. 1. Such depth to the aqueous liquid may be particularly beneficial if
the topography is transferred to a process chamber directly subsequent to
rinse process 50. In particular, due to the time and exposure to drafty
conditions, remnants of an aqueous liquid on a microelectronic topography
may be apt to evaporate during a transfer process. It is noted, however,
that aqueous liquids generally have low volatility and, thus, concerns of a
microelectronic topography drying prior to performing the process sequence
in blocks 16-34 of Fig. 1 are not great. Furthermore, as noted below, the
methods described herein may in some cases not include transferring
microelectronic topography 40 subsequent to rinse process 50 (i.e., rinse
process 50 and selective etch process 48 may be performed in the process
chamber used to dry the topography). As such, submersion of device
structures 44 within an aqueous liquid is not necessarily required, but
rather is presented as an optional course of action for rinse process 50.
[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 describedin more
detail below). In particular, deionized water is generally a better solvent
for removing residual etch solution and/or etch byproducts resulting from
the selective etch process 48 than the non-aqueous liquid chemical
formulation used for the process outlined in block 16. It is contemplated,
however, that rinse process 50 may be omitted from the method described
herein. In particular, the method may instead continue directly to block 14
or 16 after etching microelectronic topography 40, depending on the
specifications of the fabrication process. In such embodiments, device
structures 44 may still be susceptible to collapsing if a conventional
drying process is subsequently employed and, as such, the use of the
process steps outlined in blocks 18-34 may be beneficial as an alternative.
[0042] As shown in block 14 of Fig. 1, the methods described herein include
transferring the microelectronic topography to a process chamber configured
to generate and withstand pressures greater than approximately 1000 psig.
As described in more detail below with respect to the processes outlined in
blocks 20-34, such a process chamber may be particularly 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 nonaqueous liquid chemical formulations are configured such
that the surface tension of the resulting liquid formulation on
microelectronic topography 40 is less than deionized water and, more
specifically, less than aqueous liquid remnants 52. In order to accomplish
such an objective, the one or more non-aqueous liquid chemical formulations
are configured to have low surface tension and, thus, have a relatively
high volatility. Due to the potential of the non-aqueous liquid chemical
formulations evaporating during a transfer process (due to the time and
exposure to air involved in the transfer process), device structures 44 may
be exposed and, in some cases, microelectronic topography 40 may be dried
if the topography is laced with a non-aqueous liquid chemical formulation.
As a result, the likelihood of feature collapse may be high. It is believed
that transferring a topography laced with an aqueous liquid, such as
described in reference to remnants 52 in Fig. 4, may be less susceptible to
feature collapse due to the relatively low volatility of water even if
device structures 44 are not completely submerged. Thus, it may be
advantageous to transfer microelectronic topography 40 to the process
chamber prior to the addition of the one or more non-aqueous liquid
chemical formulations. [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.[0045] Continuing to Fig. 5 and block 16 of
Fig. 1, one or more non-aqueous liquid chemical formulations are added to
microelectronic topography 40. Such a process 54 is used to remove,
emulsify, and/or dissolve aqueous remnants 52 such that the surface tension
of resulting liquid formulation 56 on microelectronic topography 40 is less
than deionized water and, more specifically, less than aqueous liquid
remnants 52. The addition of the one or more non-aqueous liquid chemical
formulations may be performed at or near atmospheric pressure or at an
ambient pressure of the environment in which the process chamber resides.
In other words, process 54 is performed prior to pressurizing the process
chamber. In some cases, non-aqueous liquid chemical formulation process 54
may be configured (i.e., via the composition of the formulation and/or
duration of the process) such that the surface tension of resulting liquid
formulation 56 on microelectronic topography 40 is equal to or less than
approximately 30 dynes/cm. In particular, it was discovered during the
development of the methods and solutions described herein that such a range
of surface tension for resulting liquid formulation 56 may substantially
reduce the likelihood 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, morespecifically, between approximately 5 mm and
approximately 12 mm. In particular, it was discovered during the
development of the methods and solutions described herein that such ranges
may be particularly beneficial for preventing feature collapse prior to
and/or during the subsequent drying process. In some cases, however,
smaller submerging buffers may be considered. [0047] Without being bound to
theory, it is hypothesized that such a submersion range may be sufficient
to prevent microelectronic topography 40 from drying prior to venting the
process chamber to flush the liquid from the chamber, the process of which
is described in more detail below in reference to blocks 26 and 28 of Fig.
1. In particular, it is believed that the subsequent processes of
pressurizing the process chamber (i.e., the process outlined in block 20 of
Fig. 1) and introducing a second flow of the fluid into the process chamber
subsequent to attaining saturated vapor pressure or critical pressure
within the process chamber (i.e., the process outlined in block 24 of Fig.
1) may inadvertently cause liquid formulation 56 to be removed (e.g., by
evaporation and/or movement of liquid formulation 56). It is theorized that
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, themethod may include configurations for
maintaining a liquid buffer above upper surfaces of devices structures 44
during subsequent processing as described below in reference to block 22 of
Fig. 1. [0049] It is noted that submerging device structures 44 in liquid
formulation 56 is not necessarily required for the methods described
herein. In particular, the methods may alternatively include adding one or
more non-aqueous liquid chemical formulations to microelectronic topography
40 such that liquid formulation 56 is at a level below the upper surfaces
of device structures 44 for process 54. More specifically, it is theorized
that the likelihood that microelectronic topography 40 may be dried or
device structures 44 may be exposed prior to the venting process described
in reference to blocks 26 and 28 of Fig. 1 and, thus, the likelihood that
device structures 44 may be susceptible to feature collapse, may be
dependent on the widths and/or aspect ratios of device structures 44 and/or
the widths and/or aspect ratios of spacing therebetween. In particular, in
the development of the methods and solutions described herein, feature
collapse did not occur in all cases 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-aqueous liquid chemical formulation is the only
non-aqueous liquid chemical formulationused in process 54, water is
preferably miscible with the drying agent/solvent and the drying
agent/solvent is preferably 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
alternative cases, the drying agent and the solvent making up a non-aqueous
liquid chemical formulation may be different (i.e., may be separate
components). In any case, the one or more non-aqueous liquid chemical
formulations may be absent of the fluid used to subsequently pressurize the
process chamber. [0051] In some embodiments, the drying agent may be an
ionic or non-ionic surfactant provided that the surfactant is amphiphilic
toward a water/solvent mixture (i.e., the surfactant is soluble in the
solvent of the non-aqueous liquid chemical formulation and is capable of
emulsifying the water on the microelectronic topography). As such, in some
cases, a non-aqueous liquid chemical formulation and, in some embodiments,
resulting liquid formulation 56 may be referred to as surfactant-solvent
mixtures. In other cases, the drying agent may be an 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 forpressurizing the process chamber. It is
noted that block 18 in Fig. 1 is outlined by a dotted line, indicating such
a process is dependent on the parameters of the fabrication process. [0053]
Similar to rinse process 50, process 54 may in some embodiments employ a
single non-aqueous liquid chemical formulation (i.e., a single non aqueous
liquid chemical formulation without having its composition altered during
process 54). In alternative embodiments, process 54 may employ multiple and
different non-aqueous liquid chemical formulations successively added to
microelectronic topography 40. In particular, process 54 may include
sequentially adding non-aqueous liquid formulations having varying
concentrations of one or more chemicals to microelectronic topography 40.
For example, a 3:1 ratio of hexane and ethanol (or, alternatively, a 3:1
ratio of ethanol to hexane) may be added followed by 100% hexane. In yet
other cases, process 54 may include gradually changing the composition of a
non-aqueous liquid chemical formulation added to the microelectronic
topography (e.g., by changing the concentration of a 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 aqueoussolution comprising ethanol (e.g., having approximately 5%
water and approximately 95% ethanol), process 54 may begin by adding a
non-aqueous formulation comprising ethanol (e.g., a solution of 100%
ethanol). It is believed such a transition of the two processes may
advantageously allow the solution on microelectronic topography 40 to be
substantially homogeneous and, thus, distinct liquid-liquid interfaces of
liquids may be avoided, which as described in more detail below may aid in
preventing feature collapse. [0055] The method proceeds to block 20 at
which a fluid is introduced in a gas state into the process chamber. The
process includes pressurizing the chamber with the fluid until a chamber
pressure equal to or greater than a saturated vapor pressure of the fluid
or the critical pressure of the fluid is attained. The fluid may include
any fluid having (or having the ability to attain) substantially low
surface tension (e.g., less than approximately 30 dynes/cm) or no surface
tension. Supercritical fluids and fluids near supercritical state have low
viscosities and, thus, little or no surface tension. As such, the fluid
used to pressurize the process chamber may include any 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 otherfluids having a
thermodynamic critical point which is relatively easy to attain and, thus,
for that reason alone it may be desirable to employ carbon dioxide to
pressurize the process chamber in some embodiments. [0057] As noted above,
the fluid is introduced into the process chamber until at least the fluid
within the chamber reaches saturated vapor pressure or critical pressure.
As such, depending on whether the fluid within the process chamber is below
or above its critical temperature during the pressurizing step, the fluid
may respectively assume a liquid state or a supercritical state. Such a
phenomenon for carbon dioxide is depicted in the pressure-temperature phase
diagram of Fig. 9. Although pressure within the process chamber may be
dependent on the temperature of carbon dioxide within the process chamber,
an exemplary range of pressure to which the process chamber may be
pressurized with carbon dioxide, for example, may be between approximately
800 psig and approximately 4000 psig. In some embodiments, the pressure
range the process chamber may be pressurized with carbon dioxide may be
between approximately 800 psig and approximately 2900 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
chemicalformulations referred to in block 16 of Fig. 1 and shown in Fig. 5.
In particular, the depth of liquid formulation 56 created by process 54 may
be sufficient to keep device structures 44 submerged during the
pressurizing process. In yet other embodiments, the process referred to in
block 22 may include adding one or more components of the one or more
non-aqueous liquid chemical formulations to microelectronic topography 40,
such as but not limited to a solvent used in a latter stage of process 54
at a flow rate of less than 25% of the flow rate of the fluid used to
pressurize the process chamber. The latter scenario may be particularly
applicable if the depth of liquid formulation 56 created in reference to
block 16 is not sufficient to prevent microelectronic topography 40 from
being dried and/or device structures 44 from being exposed during the
pressurizing process. [0059] For reasons similar to those described in
reference to block 16, it may be advantageous, in some embodiments, to keep
device structures 44 submerged below a liquid-gas interface between liquid
formulation 56 and the pressurizing gas in the process chamber 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. 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.Conversely, adding the fluid in a liquid state may form a
distinguishing liquid-liquid interface between the fluid and liquid
formulation 56, preventing the incorporation of the fluid into liquid
formulation 56 and, thus, inhibiting the dilution of liquid formulation 56.
It is theorized that device structures 44 may be more susceptible to
collapse if a distinguishing liquid-liquid interface exists between the
fluid and liquid formulation 56, since the structures are likely to be
exposed to the liquidliquid interface when flushing liquid formulation 56
from the topography. Moreover, a liquid-liquid interface may be relatively
transient and, therefore, device structures 44 may be susceptible to
exposure to the liquid-liquid interface even before flushing. It is
believed that the interfacial tension of a liquid-liquid interface may be
as high as a liquid-gas interface and, thus, may be as likely to cause
feature collapse. [0061] As noted above, the methods described herein in
some embodiments include pressurizing the process chamber to a pressure
equal to a saturated vapor pressure of a fluid (i.e., when the temperature
of the process chamber is below the critical temperature of the fluid 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.[0062] As noted above and in block 32
of Fig. 1, the method includes providing a heated environment within the
process chamber at some point in the sequence of process outlined in blocks
14-30 of Fig. 1 such that the fluid used to pressurize the chamber is at or
above its critical temperature for the venting process outlined in block 34
of Fig. 1. In this manner, the fluid used to pressurize 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 used pressurize the process
chamber or, alternatively, to a temperature greater than or 45.5 C when
sulfur hexafluoride is used pressurize the process chamber. [0063] As noted
above, heating mechanisms for a process chamber which are 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
increases exponentially with temperature requirements. As such, it may be
advantageous, in some embodiments, to reduce the temperature at which to
heat the process chamber to attain 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
3 10C 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 thefluid. In such embodiments, the fluid will
transform into a liquid state when a saturated vapor pressure within the
process chamber is attained in relation to the process of block 20. An
exemplary temperature range for pressurizing a process chamber in such a
manner with carbon dioxide may 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. 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 the fluid. At the point of
attaining critical temperature, the 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 fluid,
is preferably maintained until at least the venting process described below
in reference to block 34 is conducted. [0065] In alternative cases, the
process of providing the heated environment (i.e., block 32) may be
conducted while pressurizing the process chamber and introducing the second
flow of the fluid into the process chamber (i.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 inFig. 8,
due to the process chamber having to generate and withstand relatively high
pressures, the process chamber may have substantially thick walls.
Increasing the temperature within such a process chamber may take a
substantial amount of time (e.g., on the order of 30 to 60 minutes), which
may substantially delay the fabrication process and, thus, be undesirable
for production yield. A disadvantage, however, of having the fluid at or
above its critical temperature during the pressurizing process is a fluid
is less dense in its supercritical state than in its liquid state and,
thus, may be less susceptible to mixing with liquid formulation 56. In
order to mitigate such an issue, a drying agent may be added to the process
chamber to reduce the interfacial tension of liquid formulation 56,
allowing the supercritical fluid to be mixed with the liquid formulation.
The drying agent may include a surfactant, an alcohol, or any other type of
drying agent. In addition, the drying agent may be added during the
pressurizing process referenced in block 20, during the addition of the
pure flow of solvent referenced in block 18, and/or during the addition of
one or more of the 



non-aqueous liquid chemical formulations referenced in block 16. [0067]
Regardless 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.[0068] Continuing to block 26, the process chamber is vented at
approximately the same rate as introducing the second flow of the fluid
such that pressure within the process chamber is maintained at or above
saturated vapor pressure or critical pressure of the fluid. The process may
be readily referred to as a "flowthrough process" and includes flushing
liquid formulation 56 from the process chamber as noted in block 28. In
particular, venting process 58 shown in Fig. 6 invokes replacement of
liquid formulation 56 with fluid 57, which is the fluid used to pressurize
the process chamber in either a liquid state or a supercritical state
depending on the temperature within the process chamber. After a period of
time sufficient to substantially remove liquid formulation 56, the
introduction of the second flow of the fluid is ceased as shown in block 30
of Fig. 1. In some embodiments, the venting process may cease as well.
Ceasing the venting process of block 26 may be particularly applicable but
not limited to instances when the fluid within the process chamber is not
at its critical temperature. In this manner, the process chamber may be
given time to increase the temperature of 



the fluid to assume a supercritical state for the subsequent vent process
outlined in block 34. In alternative embodiments in which the fluid is at
its critical 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 ofexpansion, which means that large amounts of heat are
consumed as the fluid expands in the gas phase. This may be problematic if
a fast venting process (e.g., less than approximately 1 minute) is desired
since the cooling associated with expansion leads to liquid carbon dioxide
formation that either boils to a gas or transitions back to supercritical
phase depending on the pressure in the process chamber. In either case, the
phase transition may lead to damage on delicate features of the
microelectronic topography. [0070] One method to achieve an accelerated
venting process for block 34 is to use a different supercritical fluid to
displace the supercritical fluid within the process chamber. Detailed
descriptions of such a process are provided in U.S. Patent No. 6,602,351 to
DeYoung et al. and U.S. Patent No. 6,905,555 to DeYoung et al., which are
incorporated by reference as if fully set forth herein. 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. [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
wetchemistry may include any of the liquid chemistries discussed in
reference to the processes outlined in blocks 10-20 of Fig. 1, including
but not limited to wet etch chemistry for selectively etching a sacrificial
layer encasing device structures of a microelectronic topography, deionized
water for rinsing an etched topography, one or more aqueous liquid
formulations and one or more non-aqueous liquid chemical formulations for
adding to a topography prior to being exposed to a pressurized environment,
and/or supplementary chemistries, such as solvents or surfactants, added to
a topography during any of the processes referenced in blocks 16-20. As
shown in Fig. 8, process chamber 60 is configured such that a
microelectronic topography arranged upon substrate holder 62 may be
submerged within wet chemistry supplied to vessel 66. In this manner,
device structures comprising an upper surface of a microelectronic
topography may be submerged. Such configurations may include vessel 66
specifically positioned 



relative to substrate holder 62 and having sidewalls sufficient to provide
a bath of ample depth to encompass substrate holder 62 and a
microelectronic topography residing thereon. [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.[0074] Sidewalls 72 are made
up of materials able to withstand such pressures, such as metal. In order
to ensure the interior surfaces of sidewalls 72 are not degraded by the
potentially corrosive nature of some of the wet chemistry that may be
supplied to vessel 66, process chamber 60 is in some cases configured to
sequester wet chemistry supplied to the vessel from sidewall surfaces of
the sealable region. Such configurations may include vessel 66 having
sufficient depth to contain the wet chemistry about substrate holder 62 and
a microelectronic topography residing thereon. In addition, fluid line/s 68
may be configured to extend into the confines of vessel 66. Moreover,
vessel 66 may, in some embodiments, may be configured with a detachable
lid. In such cases, the detachable lid may be placed upon the vessel for
wet processing a microelectronic topography and removed for exposure to
fluids within sealable region 70. In any case, process chamber 60 may
further include one or more 



heating mechanisms for heating sealable region 70. The one or more heating
mechanisms may be of any form known to those skilled in the art including
but not limited to heating coil 78 arranged along the interior of sidewalls
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 liquidsused to remove the aqueous liquids). Rinsing using aqueous
liquids subsequent to the selective etch process, and thereafter removal of
the aqueous liquid, may be performed prior to the microelectronic
topography being placed in the process chamber, or the rinsing that
completely removes the aqueous liquid from the microelectronic topography
may be accomplished within the process chamber. In a particular case, the
microelectronic topography may be rinsed such that all water is removed
from the microelectronic topography, leaving only an anhydrous rinse fluid
{e.g., isopropyl alcohol, ethylene glycol, ethanol) on the microelectronic
topography. Though all the aqueous liquid used for rinsing subsequent to
the selective etch step may have been removed, the rinse liquid itself
needs to be removed or "dried" in a manner that protects against feature
collapse cause by the rinse liquid, such as capillary effects and
liquid-liquid interfaces. 



[0077] The various methods discussed above regarding adding non-aqueous
liquids (block 14), pressurizing the chamber (blocks 20-24), flushing the
non aqueous liquids (blocks 26-30), and venting the process chamber 34
(block 34) may be used to remove 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 untilat least 90% of the volume
of the process chamber comprises non-aqueous liquid chemical formulation
and the microelectronic topography is submerged. In some cases at least 95%
of the volume of the process chamber comprises the non aqueous liquid,
while in other cases the process chamber is filled with the non aqueous
liquid. Moreover, in a particular embodiment the non-aqueous liquid is
provided to the process chamber while the pressure within the process
chamber is substantially atmospheric pressure, but other higher and lower
pressures may be equivalents used. In some cases, the non-aqueous liquid is
heated prior to entry into the process chamber. [0079] A few points
regarding the amount of non-aqueous liquid chemical formulation used in the
alternative embodiments (90% of the volume and above) 



are instructive. Firstly, it is noted that providing the non-aqueous liquid
chemical formulation to the process chamber until at least 90% of the
volume comprises the non-aqueous liquid chemical formulation, or filling
the processing chamber, is a counterintuitive step. In particular, the
surface tension of a mixture of a non aqueous liquid chemical 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
fillingthe process chamber and carbon dioxide as the pressurizing fluid,
the amount of time needed for the ethanol and carbon dioxide to form a
homogenous mixture after the critical pressure is reached during
pressurizing is 30 seconds or less. In some cases, the carbon dioxide and
ethanol form a homogenous mixture substantially simultaneously with the
carbon dioxide entering the process chamber, such that the flushing of
block 28 may begin with little or no ceasing or dwell time. By contrast,
methods and systems that utilize a relatively small amount of ethanol
{e.g., 25% of the volume of the process chamber) may require two to three
minutes, or more, for the carbon dioxide and ethanol to form a homogenous
mixture. Allowing the mixture to become homogenous before 



further processing reduces the possibility of the microelectronic
topography from being exposed to interfacial tensions. [0081] Secondly, by
using greater volume non-aqueous liquid chemical formulation, greater
volumes of aqueous liquid may be removed from the microelectronic
topography. In particular, and in the illustrative case of the non aqueous
liquid chemical formulation being ethanol and the pressurizing fluid being
carbon dioxide, since water has a very low solubility in many 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 ofdeionized water. With the volume of non-aqueous
liquid chemical formulation giving rise to the ability to absorb more
water, the rinsing of the microelectronic topography may be with deionized
water alone, or at least ending with higher concentration of deionized
water. Relatedly, the ability to remove more aqueous liquid means the
illustrative method above may be applied as a batch process to a plurality
of microelectronic topographies on a respective plurality of separate and
distinct substrates. [0083] It will be appreciated to those skilled in the
art having the benefit of this disclosure that this invention is believed
to provide methods and systems for 



preventing feature collapse within microelectronic topographies. Further
modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this
description. For example, although many of the examples described herein
cite carbon dioxide as a fluid for pressurizing a process chamber and
assuming a supercritical state, the methods and systems described herein
are not so limited. Accordingly, this description is to be construed as
illustrative only 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.CLAIMS We
claim: 1. A method comprising: placing a microelectronic topography inside
a process chamber, in the process chamber the microelectronic topography
has a first rinse liquid on a surface thereof; and then providing a second
rinse liquid to the process chamber until the microelectronic topography is
submerged; and then pressurizing the process chamber by way of a
pressurizing fluid, different than the second rinse liquid, the
pressurizing until pressure within the process chamber exceeds a
predetermined pressure greater than 1000 psig; and then venting the 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 groupconsisting of: ethanol;
methanol; propanol; isopropanol; acetone; hexane; pentane; and heptane. 5.
The method of claim 3 wherein providing the non-aqueous liquid chemical
formulation further comprises gradually changing the composition of the non
aqueous liquid chemical formulation while providing. 6. The method of claim
1 wherein providing the second rinse liquid further comprises providing a
solvent comprising 25% or less water by weight. 7. The method of claim 6
wherein providing the solvent further comprises providing at least one
selected from the group consisting of: ethanol; methanol; propanol;
isopropanol; acetone; hexane; pentane; and heptane. 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
comprises 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.12. The
method of claim 1 wherein pressurizing further comprises pressurizing with
the pressurizing fluid being at least one selected from the group
consisting of: carbon dioxide; and sulfur hexaflouride. 13. A system
comprising: a process chamber that defines a sealable region and configured
to withstand pressures greater than 1000 psig within the sealable region,
the process chamber comprising a metallic material; a substrate holder
disposed within the process chamber, the substrate holder configured to
support at least one substrate that comprises a microelectronic topography;
a first 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%of the volume of the sealable region
comprises the non-aqueous liquid chemical formulation. 15. The system of
claim 13 further comprising a vessel within the sealable region, the system
configured to provide the non-aqueous liquid chemical formulation to the
vessel until the microelectronic topography is submerged. 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. 


