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SOLUTION FOR RINSING A DEVELOPED PHOTORESIST LAYER CROSS-REFERENCE TO
RELATED APPLICATIONS This application claims the benefit of U.S.
Provisional Application No. 60/275,852 filed March 14, 200 I . TECHNICAL
FIELD The present specification relates generally to fabrication processes
for integrated circuits (IC). More specifically, the present specification
relates to an improved system for and method of developing a photoresist
layer on a semiconductor substrate. BACKGROUND ART 9 OCT 2003 The
semiconductor industries continue to manufacture semiconductor integrated
circuits with higher and higher densities on a smaller chip area. The
desire for large scale integration has led to a continued shrinking of the
circuit dimensions and features of the devices so as to reduce
manufacturing costs and to improve circuit functionality. The ability to
reduce the size of structures such as gate lengths in field-effect
transistors is driven by lithographic technology which is, in turn,
dependent upon the wavelength of light used to expose the photoresist. In
current IC fabrication processes, optical devices expose the photoresist to
light having a wavelength of 248 nm (nanometers). Research and development
laboratories are experimenting with light having a wavelength of 193 nm.
Further, the next generation lithographic technologies will in all
likelihood ' progress toward a radiation having a wavelength of 157 nm and
even shorter wavelengths, such as those used in Extreme Ultra-Violet (EUV)
lithography (e.g., 13 nm). In a conventional lithographic process, after a
semiconductor wafer is coated with photoresist and exposed to light with a
circuit pattern) developer is applied to the photoresist to remove portions
of the photoresist. The developer is removed with a water rinse and dried
by a spinning process before subsequent etching. One obstacle to the
further reduction in printed feature size is the pattern collapse between
photoresist lines or other photoresist features caused by the water rinse
and drying step. FIGS. L and 2 illustrate the problems caused by this
conventional technique. In FIG. 1, a wafer 10 is shown having photoresist
lines 12. Rinse water 14 is illustrated after the rinsing step and just
prior to drying. The inherent cohesive and adhesive forces of water create
surface tension between photoresist lines 12 as the water evaporates.
During the drying step, as shown in FIG. 2, fine photoresist lines 12 are
pulled laterally by the surface tension, causing pattern collapse and
ruining the resulting etch. Currently, pattern collapse is avoided by
limiting the printed feature size. One proposed solution is to freeze-dry a
rinse liquid (i.e., tert-butanol). However) this method is time consuming,
resulting in decreased throughput. Although the method could he done in
batch processing, this adds complexity to the process. Another proposed
solution is to use perfluorohexane as a rinser. However, perfluorohexane is
difficult to dispose of. If pattern collapse can be reduced or eliminated,
narrower features can be printed, thereby enabling higher microprocessor
speeds and higher device density on the substrate. 1  



9 OCT 2003 WO 02/073677 PCT/US02/077~7 Accordingly, there is a need for an
improved system for and method of developing a photoresist layer. Further,
there is a need for a system for and method of developing a photoresist
layer to reduce or eliminate pattern collapse. Further still, there is a
need for a system for and method of reducing surface tension caused by the
water rinse during photoresist development. The teachings hereinbelow
extend to those embodiments which fall within the scope of the appended
claims, regardless of whether they accomplish one or more of the above
mentioned needs. DISCLOSURE OF THE INVENTION According to an exemplary
embodiment, a method of developing a photoresist layer on a semiconductor
wafer in a developing chamber includes applying a developer to the
photoresist layer, applying an evaporating solution to the photoresist
layer, and drying the photoresist layer. According to another exemplary
embodiment, a method of patterning a photoresist layer on a semiconductor
wafer includes exposing the photoresist layer to light, developing portions
of the photoresist layer with a photoresist developer, whereby photoresist
lines remain on the wafer, rinsing the developed portions of the
photoresist layer with an alcohol rinse, and drying the wafer. According to
yet another exemplary embodiment, an integrated circuit on a semiconductor
substrate includes devices fabricated by a photolithographic process
including the steps of: applying a photoresist layer to the semiconductor
substrate; exposing the photoresist layer to light; developing portions of
the photoresist layer with a photoresist developer, whereby photoresist
lines remain on the wafer, rinsing the developed portions of the
photoresist layer with an alcohol rinse, and drying the wafer. BRIEF
DESCRIPTION OF THE DRAWINGS The invention will become more fully understood
from the following detailed description, taken in conjunction with the
accompanying drawings, wherein like reference numerals refer to like parts,
in which: FIG. 1 is a schematic cross-sectional view of a semiconductor
wafer having a water rinse according to a prior art method; FIG. 2 is a
schematic cross-sectional view of the semiconductor wafer of FIG. 1 having
pattern collapse according to the prior art method; FIG. 3 is a schematic
drawing of a developing chamber according to an exemplary embodiment; FIG.
4 is a schematic cross-sectional view of a semiconductor wafer having an
alcohol rinse according to another exemplary embodiment; FIG. 5 is a
schematic cross-sectional view of a semiconductor wafer after drying; and
FIG. 6 is a schematic cross-sectional view of an integrated circuit
fabricated on a semiconductor wafer acccording to an exemplary embodiment.



9 OCT 2003 WO 02/073677 PCT/US02/07747 MODES FOR CARRYING OUT THE INVENTION
Referring first to FIG. 3, a system and method for developing a photoresist
layer having reduced pattern collapse will now be described. Conventional
photolithographic techniques are first used to pattern a photoresist layer
on a semiconductor wafer 22 by first applying a layer of photoresist to
semiconductor wafer 22 (i.e.) on wafer 22 or on a layer above wafer 22) and
then exposing the photoresist layer to light through a mask. Wafer 22 may
comprise silicon, germanium, etc, and may further be insulative,
semiconductive, etc. The light source may be an excimer laser having a
wavelength of 248 nm, I93 nm, I57 nm or less (e.g., EUV wavelengths). Other
wavelengths are contemplated. The excimer laser may be a KrF laser, an ArF
laser, or an F2 laser. Advantageously, the system and method described
herein may allow for the use of an excimer laser having a wavelength of 193
nm or less to produce printed features having lengths of 130 nm or less.
After the photoresist layer is exposed to the light, semiconductor wafer 22
is placed in a developing chamber 20. At the developing step, portions of
the photoresist layer are removed from semiconductor wafer 22. The
photoresist layer may be either a positive or a negative photoresist layer.
The developing step may be carried out by immersion developing, spray
developing in a batch or a single-wafer mode, puddle developing, or other
developing techniques. A puddle developing technique is illustrated in FIG.
3. A fixed amount of developer is first dispensed onto semiconductor wafer
22 from a developer dispenser 24. A computer 26 controls the amount, rate,
and time of developer dispenser 24. Any of a variety of developers known in
the art or hereinafter developed may be utilized, such as alkaline
solutions diluted with water, organic solvents, etc. After the developer
has developed the photoresist layer for a predetermined time, the
developing action is stopped and portions of the photoresist layer are
removed during a rinsing step. A rinse dispenser 28 applies a stream of
rinse to semiconductor wafer 22 and to the photoresist layer thereon under
control from computer 26. Advantageously, an evaporating solution (e.g., an
alcohol rinse) is provided to the photoresist layer on semiconductor wafer
22. Other evaporating solutions may be used. Preferably, the evaporating
solution has a low surface tension (e.g., lower than the surface tension of
water) and does not substantially dissolve the photoresist. An alcohol
rinse is any composition of rinse containing an alcohol. The alcohol rinse
may be 100!o alcohol, or may include both water (e.g., deionized water,
distilled water, etc.) and alcohol. Various types of alcohol may be used,
such as, isopropanol, n-butyl alcohol, t-butyl alcohol) pentanol, hexanol,
etc. Preferably, the alcohol rinse includes a sufficient concentration of
alcohol to reduce surface tension between the photoresist lines remaining
after the developer has removed portions of the photoresist layer.
Referring now to FIG. 4, a cross-sectional view of semiconductor wafer 22
is illustrated. Portions of the photoresist layer which remain after the
developing step are indicated as photoresist lines 30. Alcohol rinse 32 is
illustrated prior to drying. Notably, alcohol rinse 32 includes a
sufficient concentration of alcohol to reduce surface tension between
photoresist lines 30 in this exemplary embodiment. Depending on the type of
alcohol, this is between 10% and 703'o alcohol by weight. For example, a
mixture of alcohol and water may be used. Further, alcohol rinse 32
preferably includes a sufficient concentration of water (e.g., between 30'o
and 90% water by weight) to prevent alcohol rinse 32 from dissolving
photoresist lines 30. Advantageously, sufficient concentrations of alcohol
and water are present in alcohol rinse 32 to prevent alcohol rinse 32 from
affecting the shape and/or size of the photoresist, while minimizing
surface tension. Further, alcohols are easier to dispose of than
perfluorohexane.   9 OCT Z003 WO 02/073677 PCT/US02/07747 According to one
alternative embodiment, a pure water rinse may be applied first to the
semiconductor wafer 22, followed by an alcohol rinse as described above.
The alcohol rinse may include sufficient alcohol to replace most of the
water rinse applied. In an embodiment where a pure water rinse is used
prior to an alcohol rinse, the alcohol rinse contains sufficient alcohol to
replace most of the water which is on the surface of wafer 22 and between
adjacent photoresist lines 30 or other features. With the alcohol in place
of the pure wafer rinse, the surface tension is reduced or eliminated. The
surface tension may be reduced slightly by an alcohol rinse having a low
alcohol concentration, or may be reduced greatly by an alcohol rinse having
a large alcohol concentration. Preferably, the alcohol concentration of
alcohol rinse 32 is such that the photoresist material is dissolved or
deformed very little or not at all. Preferably, a concentration of alcohol
to water is selected which both minimizes surface tension without affecting
the shape or size of the photoresist (e.g., between approximately 10% and
70% alcohol to water by weight), Referring now to FIG. 5, a subsequent
drying step occurs under control from computer 26 via motor 34. Computer 26
drives motor 34 to spin semiconductor wafer 22 to remove developer,
developed photoresist material, and alcohol rinse 32 either by evaporation,
by physical removal, or some combination thereof. One or more wafer and/or
alcohol rinses of varying concentrations and compositions may be applied to
semiconductor wafer 22 before, during, or after spin drying with motor 34.
Other drying methods are contemplated, which may include applying heat or a
vacuum within chamber 20. According to one exemplary embodiment, wafer 22
is spin-dried for approximately 20 seconds at 4000 rotations per minute.
Advantageously, photoresist lines 30 will now no longer collapse. In prior
art systems, drying semiconductor wafer 22 with a water rinse present
between photoresist lines 30 caused pattern collapse. Advantageously, this
surface tension is reduced or eliminated by using an alcohol rinse
according to the exemplary embodiment described herein. According to a
further advantageous embodiment) computer 26 may control the environment
within chamber 20 before or during the drying step. Computer 26 may control
the humidity and the concentration of alcohol vapor in developing chamber
20 via an environmental dispenser 36. The humidity and the concentration of
alcohol vapor in the developing chamber 20 may be optimized to reduce the
surface tension of the alcohol rinse on semiconductor wafer 22. Referring
again to FIG. 5, the improved developing system and method disclosed herein
allows the formation of photoresist lines 30 having a high aspect ratio
(preferably greater than 3), thereby enabling the etching of narrower
features in semiconductor wafer 22 than was previously possible. For
example, features having a printed feature size or a critical dimension
(CD) of 130 nm or less (preferably 60 nm or less) is possible without
pattern collapse. Photoresist lines 30 are illustrated in FIG. 5 on a
semiconductor wafer 22, but may alternatively be applied over various
layers or levels of insulators, conductors, vias, semiconductors, or other
layers fabricated on semiconductor wafer 22. According to yet another
advantageous aspect, very narrow (preferably less than 60 nanometer), high
aspect ratio resist lines may be printed without pattern collapse. 



Referring now to FIG. 6, an integrated circuit 40 on a semiconductor
substrate 44 includes devices 42 fabricated using the photolithographic
process disclosed hereinabove. One feature 46 of devices 42 has a length of
130 nm or less in this exemplary embodiment. This feature length is enabled
by the high aspect ratio of photoresist lines 30. Devices 42 may be
conductive elements, such as gales for metal-oxide-semiconductor field   9
OCT 2003 WO 02/073fi77 PCT/LJS02/07747 effect transistors (MOSFETs) or
other devices. An excimer laser having a wavelength of I93 nanometers or
less may be used in this exemplary embodiment. While the exemplary
embodiments illustrated in the FIGS, and described above are presently
preferred, it should be understood that these embodiments arc offered by
way of example only. For example, various alcohols may be used in alcohol
rinse 32 to achieve the desired results. Further, the alcohol rinse may be
used at various times during development and/or rinse and/or drying steps.
Accordingly, the present invention is not limited to a particular
embodiment, but extends to various modifications that nevertheless fall
within the scope of the appended claims.   9 OCT 2003 Amended Page CLAIMS
1. A method of developing a photoresist layer (30) on a semiconductor wafer
(22) in a developing chamber (20), comprising: 5 applying a developer and
light to a photoresist layer (30); drying the photoresist layer (30);
rinsing the developed photoresist layer with a first alcohol rinse, whereby
portions of the photoresist layer are removed; and rinsing the photoresist
layer with a second alcohol rinse. 10 2. The method of claim 1, wherein the
second alcohol rinse (32) includes alcohol and water. 3. The method of
claim 2, wherein the alcohol rinse includes alcohol selected 



15 from the group consisting of isopropanol, n-butyl alcohol, t-butyl
alcohol, pentanol, and hexanol. 4. The method claim 3, further comprising
providing an alcohol vapor in the developing chamber (20), wherein the
alcohol vapor has a composition sufficient to 20 reduce surface tension
between photoresist lines (30). 5. The method of claim 3, wherein the first
alcohol rinse includes a sufficient concentration of alcohol to reduce
surface tension between photoresist lines (30). 25 6. The method of claim
4, wherein the first alcohol rinse includes a sufficient concentration of
water to prevent the evaporating solution (32) from dissolving the
photoresist layer (30). 7. The method of claim 7, further comprising
applying a water rinse to the 30 photoresist layer (30) before applying the
first alcohol rinse. 6   9 OCT 20D3 Amended Page The method of claim 1,
wherein the first alcohol rinse (32) includes between 10% and 70% alcohol
by weight. 9. The method of claim 11, wherein the first alcohol rinse (32)
includes between 30% and 90% water by weight 7 .A3.A3h.AY%.AF.AYh_0.AL.A&Yg
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