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Attorney Docket: 5063.02US01

PHOTOPATTERNABLE INORGANIC HARDMASK

GOVERNMENT RIGHTS

Development of the inventions described herein was at least partially funded with

government support through U.S. National Science Foundation grants DGE-0549503 and IIP-

0912921, and the U.S. government has certain rights in the inventions.

Versatile inorganic materials for processing into devices can comprise polyatomic oxide
ions, such as metal suboxide cations and/or polyatomic anions. These inorganic materials can be
processed using aqueous solutions. These materials can be effectively formed into dielectric
materials as described in published U.S. patent application 2005/0242330 to Herman et al.,
entitled "Dielectric Material," incorporated herein by reference. With appropriate selection of
the metal elements in the composition, semiconductor films can be formed. The semiconducting
inorganic oxide compositions are described further in published U.S. patent application
2010/0044698 to Herman et al., entitled "Semiconductor Film Composition," incorporated herein
by reference. Through the use of a peroxide ligand, aqueous precursor solutions can be
stabilized sufficiently to provide an effective photo-patternable composition that can be
deposited and patterned. The photo-patternable compositions can be used as a resist or for the
direct patterning of a material for incorporation into a structure having patterned integrated
devices. The general use of these materials as a resist is described in published PCT application
WO 2009/120169 to Keszler et al., entitled "Solution Processed Thin Films and Laminates,
Devices Comprising Such Thin Films and Laminates, and Methods for the Use and

Manufacture," incorporated herein by reference.
The following slides provide documentation of further improvements in the solution
based photo-patternable compositions. Note that LWR is an abbreviation for line width

roughness. A presentation abstract provides further summary.

Presentation Abstract

We present here a directly photopatternable inorganic hardmask for 193 nm lithography. This
resist is based on the solution-deposited dielectric HafSOx [1], which has previously been reported to be a

high-performance, high-sensitivity electron beam resist [2]. HafSOx resists exhibit a number of desirable
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characteristics for use in electron beam lithography such as high resolution and low LER (Figure 1).
HafSOx resists have the added advantages of exceptional etch resistance, (demonstrated by an etch
selectivity over Si > 160 under a RIE process using SF4 plasma), and high sensitivity, where doses as low
as 8 uC/em’ (30 keV) have been realized.

In light of these promising electron-beam results, we have extended our investigation of HafSOx
resists as hardmasks directly patterned by 193-nm lithography. By tuning its composition, we have
achieved a remarkably high index of 2.0 at 193 nm, thereby providing additional process latitude relative
to conventional photoresists. The result is a high contrast, negative tone resist that operates in an optimal
thickness range of 20 to 40 nm. Initial 193-nm exposures using interference lithography have yielded 60-
nm lines and spaces (Figure 2). The platform’s demonstrated resolution with e-beam exposure strongly

suggests its extendibility to 32 nm.

The HafSOx platform is also differentiated from other inorganic resists on the basis of its
amorphous nature and chemical inertness, allowing it to function directly as a hard mask with high-
fidelity pattern transfer. We have further demonstrated the ability to build multilayer films by simply
depositing subsequent coats on annealed HafSOx base layers without forming interfaces between coats.
This capability enables the use of HafSOx resists in double patterning techniques such as litho-freeze,

litho-etch processes, where a second resist layer is deposited on a developed resist underlayer.

[1] J.T. Anderson, C.L. Munsee, C.M. Hung, T.M. Phung, G.S. Herman, D.C. Johnson, J.F. Wager
and D.A. Keszler, Adv. Funct. Mater, 17 (2007) 2117-2124, incorporated herein by reference.

[2] J. Stowers and D.A. Keszler, Microelectronic Engineering, 86 (2009) 730-733, incorporated
herein by reference.

13] Tom Wallow, et al SPIE 69211F (2008), incorporated herein by reference.

The references incorporated by reference herein are incorporated in their entirety to the extend the
material incorporated by reference is not in contradiction to the explicit disclosure herein, which shall
completely control interpretation of the present disclosure over any inconsistent incorporated material.

»o
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Figure 1: SEM image of 15 no Hoes on a 50 nm pitch by electron beamn Hihography, LYWR = 3.4 am

Figure 2: 5%

M image of 60 nm half-piteh features at a dose of 21 mJ/em®,
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What is claimed is;:

1. The compositions described herein.

2. The structures described herein.

3. The methods described herein.
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 Fast negative tone, non-CAR platform
 high etch selectivity allows very thin layer

* high resolution, low LWR

Resist Features
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