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forces of water create surface tension between photoresist lines 12 as the water evaporates. During the drying
step, as shown in FIG. 2, fine photorcsist lincs 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., rert-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 perfluorchexane as a rinser. However, perfluorohexane is difficult to
dispose of. If patiern collapse can be reduced or eliminated, narrower featurcs can be printed, thereby enabling

higher microprocessor speeds and higher device density on the substrate.
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pattern cotﬁﬁpgi%%eé%ta%égr é?'ﬁé"to the arlgtor art nmethod; FIG 3 is a schematic

draw ng of ing to an exerrpl ary enbodi nent; FIG
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4 is a sch Cross-sec view of a sem conductor wafer having an
al cohol rinse asgRedibng betoma ROk B un@KOHHoR KLY foBe¥@ détiBrikscripfdnGakeBin i s @
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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
10 another exemplary embodiment;

FIG. 5 is a schematic cross-scctional vicw of a semiconductor wafer after drying; and

FIG. 6 is a schematic cross-sectional view of an integrated circuit fabricated on a semiconductor wafer

accerding to an exemplary embodiment.
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alternative enbodi nent, a pure water rinse nay be applied first to the

sem conductor wafer 22, followed by an al cohol rinse as described above.
The al cohol rinse may include sufficient alcohol to replace nost of the
water rinse applied. In an enbodi nent where a pure water rinse is used
prior to an al cohol rinse, the alcohol rinse contains sufficient alcohol to
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Referri ng nowto FIG 6, an integrated circuit 40 on a sem conduct or,
substrate 44 includes devices 42 fabricated using the photolit hograﬂlﬁ% 1003
process disclosed herei nabove. One feature 46 of devices 42 has a length of
130 nmor less in this exenplary embodinent. This feature length is enabled
by the high aspect ratio of photoresist |ines 30. Devices 42 may be
conductive @8%?@,;3 , such as gal es for netal -oxide-semmanduwatar field 9
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wafer 22 before, during, or afler 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 lincs 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 gates for metal-oxide-semiconductor field
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(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.
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$ O 9. The method of claim 11, wherein the first alcohol rinse (32) includes between

5 30% and 90% water by weight



