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Introduction

EUV lithography, in which high-energy photons with a wavelength of
13.4 nm (100 eV) are used to pattern resists, is one of the leading candidates
for next generation lithography. This technique is expected to produce feature
sizes in the sub-50 nm regime due to the extremely short wavelength
employed. At sub-50 nm feature size, conventional chemically amplified
resists have performance issues such as line edge roughness (LER),
molecular size and uniformity and acid diffusion control that combine to hinder
optimal resist performance and resolution. The ultimate resolution of a
photoresist is largely determined by the size of an individual molecule which is
presently about 5 ~10 nm for a polj photoresist depending on its
molecular weight as well as three-dimensional structure. To date, little work
has been carried out on low molecular-weight amorphous resist materials,
which may provide breakthroughs in nano-patterning.

Limitations of Polymeric Photoresists

» Resolution

« High molecular weight

* Molecular weight distribution
» Swelling
» Residual stress

~4nm

Molecular Glass Photoresists

resist polymer

» Molecular glass resists — low molecular
weight amorphous organic photoresists
« Small and homogeneous molecular size of ~1 nm
* Many of same features as polymer

« Adhesion (collapse)
« Distortion
» Line width roughness (LWR)
« Aerial image quality and processing condition
Phase compatibility

* Better phase compatibility

* High resolution, low LWR

* Broad range of compositions possible

* More uniform distribution of resist additives

» Greatest focus of effort in past 12 months
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* Resist absorption at 13.5 nm depends only on
chemical composition and density of the material

*  High C/H ratio
» EUV

+ Less oxygen

Increase T, by introducing rigid core materials or rigid side chain linkages

15 wt% Powderlink™

5 wt% TPS Nonaflate

PAB: 115°C, 60s

PEB: 115°C, 60s

Development: 0.026N TMAH, 10s
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Dose range 60 — 240 uC/cm2 @7 00kV
60 nm pattern image at 180uC/cm? @100kV

Positive-tone Molecular Glass Resist

Resist

EUV Images

Processing Conditions

100nm dense lines

Line Edge Roughness - Preliminary Results

Negative-tone resist e-beam images

100nm isolated line

relative etch rate

Summary and Outlook

60 nm pattern obtained with negative-tone resist by e-beam

35 nm pattern obtained with positive-tone resist by EUV

Molecular glass resist shows good iso-dense bias, etch resistance and LER data
Current research focusing on high T, molecular glass resists and LWR studies
Future work - molecular glass resists for EUV and 193 nm lithography

Nitride Etch Resistance

Etch Rates in CF4
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