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Introduction

As pattern dimensions of semiconductor deviceskhri
patterns with high aspect ratio (HAR) stick togethe
during dying. The phenomenon is called ‘Pattern
collapse’ and it is currently the most importanalidnge
in surface preparation processes for fabricatinghorg
devices of 1x node and beyond. The Laplace force
generated by liquid between structures is the rcairse
of pattern collapse [1]. A simplified model is peaged in
Fig.1. The forcd- is proportional to the surface tension of
liquid times the cosine of contact angle and inefgrs
proportional to the distance between the structuRs
dry has been used as a method to prevent patthaps®
instead of spin dry since it is easy to installdogle
wafer tools. However, it is reaching the limit abpess
margin since IPA surface tension is only one tkiat of
water.

We focused on the other parameter which decides
Laplace force: contact angle. When the contacteaisg!
close to 90deg, the force approaches zero, whiahles
larger process margin for next generation strustufée
call this concept of drying ‘Hydrophobized Surfdzey’.
(HSD)

Potential comparison by simulation

We compared the potential of IPA dry, F-based sulve
(with very low surface tension) and HSD by caldunigt
the threshold aspect ratio (AR) of generating patte
collapse. The calculation is based on the formula
presented by Chin, et.al. [2] including not onlyplace
pressure, but also the deflection of the structune
surface tension force. We considered the simphest c
with only two structures with a wetted space betwee
them.

[Calculation condition]

® Pattern size and feature : Vertical line and space
pattern with 18nm width (1: 1 pitch, 2 dimensions)

® Material : Si (Young's modulus : 112[GPa])

® Parameters of liquid between structures : Refer to

below

IPAdry | F-solvent HSD

dry

Liquid IPA F-Solvent Water
*Surface 22 14 73
tension[mN/m]
Contact 10 10 92
angle[deg]

*Value @20degC
Fig.2 is the result of the simulation showing catiAR
for various techniques. Results indicate thataaltAR
for HSD is 1.7 times higher than for IPA dry.

Experimental
We selected a chemical to make the surface oftsies

hydrophobic, depending on structure materials.|&iyn
agents are effective for treating the surface di&ied

materials such as thermal oxide and silicon sutestra
We fabricated HAR L&S structures to evaluate the
effectiveness of HSD. Dimensions are equivalerixto
node memory with aspect ratio around 19. We congpare
the performance of HSD to IPA dry by observing the
cross-section surface after cleaning and drying used
the silylation agent TMSDMA
(Trimethylsilyldimethylamine) diluted by a solvesumhd
we confirmed that the contact angle between blagkeg
wafer and water reached around 90deg. Fig.3 isrtes-
sectional SEM picture after drying. 3 lines stiogeather
after IPA dry and no collapse was found after HSD.

Summary
We proposed a novel concept of ‘Hydrophobized

Surface Dry’ (HSD) and proved its effectivenessrfro
calculation and experiment using 1x node pattenmpsa.
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Fig2.Comparison of potential of IPA dry and HSD
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Fig3 Cross-sectional CD-SEM view of IPA dry andIHS



