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Objectives

Line collapse or distortion of high-aspect-ratio
nanostructures during drying step in wet processbien
an issue in semiconductor industry due to featizee s
shrinkage following rapid technology advancemeiy. E
shows a 2x NAND STI structure with trench aspetibra
up to 20 and an image of line stiction after wegdl.
Imbalanced capillary pressure induced when device
feature is exposed to both liquid and gas intedat&ing
drying process contributes to line deformation and/
collapse. The objective of this work is to inveatig
various drying methods, including solvent vapor
exposure, surface modification, and sublimatiorgdsess
effectiveness in pattern collapse prevention.
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Figure 1. Post-STl-etch structure with 2x half pitch. (a)
Schematics, (b) Image of line collapse after weal

Results

Tab. 1 lists physical properties of common
solvents. 2x NAND STI structures without pre-wetdtin
were directly exposed to solvent vapor for scregnin
With low surface tension and high evaporation rate,
Acetone vapor demonstrated the best performande wit
high-aspect-ratio trenches intact. Line stictiorswa
globally observed on the device structure treatetPia
vapor, of which viscosity is high with evaporatiaie
much lower than Acetone vapor. Deionized water vapo
exposure resulted in severe stiction and pattefapse as
expected on delicate features (Fig. 2).
Table 1. Properties of common solvents.

(a) Experimental setup, (b) Drying after DI wat&ise,
(c) Drying after dHF clean and DI water rinse.
‘Sublimation drying’ concept was propdso
bypass aqueous phase during drying step so liquid
properties would no longer be the bottleneck. Eig.
depicts this drying approach on a phase diagrarareva
solvent in solid state under SATP (Standard Ambient
Temperature and Pressure) is heated above itsmelti
temperature, coated on a wet STI wafer surfacedtlgwi
cooled down to form a solid cap on the structung, then
sublimated in a vacuum chamber at amb|ent tempteratu
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Figure 4. Sublimation drying. (a) Phase dlagram for
concept illustration, (b) Experimental procedubd.:
melted solvent application, b2. cooled solvent with
crystal-like appearance, b3. sample in vacuum cleamb
b4. post sublimation.

Preliminary tests with sublimatioryidig
showed non-stiction performance on STI structurd wi
higher spacing and trench aspect ratio ~10, whibaj
stiction was observed on the same feature wittomaar
spacing (Fig. 5).
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Flgure5 Subllmatlon drymg test results on NAND STI
structures. (a) 32nm line with 40nm spacing, (th&a
line width with only 20nm spacing.

Drying with device surface modification by self-
assembled monolayer (SAM) is one of the advanced
drying methods currently adopted in the industry.
Specialty chemical is applied to the device surtace
form SAM and create hydrophobic coverage to reduce

— cvaporaton Rute ity surface tension, as shown in Fig. 6a. Tests with
Chemical Mass Point dyn/cm) . @ 25°C 1 1 3
rormula | M2% | POt uty pcetare - 1) [ OO iy warer | €25 segregated hydrofluoroether also _ach|eved stlcfrm-
Water KO | 1802 1000 03| 7275 s8.85] /A 0.69 performance on the STI feature with 40nm spacirtg bu
failed the feature with higher trench aspect rafie20

Acetone CaHsO 58.08| 56.0-57.0 6.60| 23.70 18.98] Miscible 0.31
1.50] 21.70
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FlgureZ Top down SEM |mage of 2x NAND STI 5 .
structures after solvent vapor exposure. (a) Aeet@por [ _
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at 57C, (b) IPA vapor at 8, (c) Deionized water vapor
Figure®. Drylng W|th surface modlflcatlon on NAND

at 50C.
STI structures. (a) Principle, (b) Test results.
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Non-stiction performance was demonstrated on 2x BAN
STI device structure in coupon level as presemniddg 3.
However, this vapor-assisted drying is very sevesitd
large-scale condensation on wafer surface withomarr
process window.

Conclusion

In this work, three drying schemes, including
drying with solvent vapor exposure, by sublimatiand
following surface modification, were compared on 2x
NAND STI structures. Acetone vapor assisted drying
achieved non-stiction performance on high-aspdai-ra
trenches with both 40nm and 20nm spacing. Sublonati
and SAM formation only worked on the features with
40nm spacing. Further investigation to follow faildire
mechanism study and stiction-free drying developmen




