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ToF-SIMS and OrbitrapTM-SIMS analyses to unravel the chemistry of thin
EUV photoresist layers

Photolithography is a well-established process used for patterning in microelectronic device fabrication [i]. In
Extreme Ultra-Violet (EUV) lithography — the most recent lithography technology using photons of 13.5 nm
wavelength - research is ongoing regarding the fundamental resist (PR) chemistry active in the different
components of chemically amplified resists (CARs), metal oxide resists (MORSs), scissioning type resists,
molecular resists. In the case of the well-known CAR system, multiple components are involved in its
formulation (i.e. polymer, Photo Acid Generator (PAG) and quencher) at various steps of the process. Indeed,
many aspects are still not fully understood [ii], with examples including, but not limited to, the distribution of
each constituent within the photoresist layer, the specific products generated by the chemical reactions
involved, and the proportion of components able to efficiently carry out the reactions (i.e. acid formation,
deprotection, etc.). Further research is addressed to the understanding of the underlayer underneath the resist
and their relationship/interdependency.

Secondary lon Mass Spectrometry (SIMS) is a key surface analysis technique in which 1D (depth profiles), 2D
(spatial imaging) and 3D (volumetric imaging) distributions of elements and molecules with a solid substrate
can be derived [iii]. SIMS operates by directing an energetic ion beam, termed the primary ion beam, at the
surface of interest. This induces the emission of surface atoms and molecules, with a small fraction departing
in an ionized state. The departing ions, henceforth referred to as secondary ions, are extracted and passed
through a mass analyzer such that all elements (H-U), isotopes thereof, as well as molecules can be identified.

When examining organic films, molecular integrity can be retained through the use of a Gas Cluster lon Beam
(GCIB) as this allows for the impact energy per atom (within the impacting molecule) to be reduced to inter-
molecular bond energies. And since inter-molecular bond energies are less than intra-molecular bond
energies, GCIBs provide a means to non-destructively examine organic molecules and their distributions in
1D, 2D and 3D [iv].

Time of Flight (ToF)-SIMS is one of the most heavily used techniques to study the distribution of organics. This
is due to its capability of detecting characteristic molecular peaks of the studied system with a high mass
resolving power of ~104, with a lateral resolution of <100 nm [v], with a depth resolution of <5 nm [vi] and all
to high sensitivity. However, when studying organic systems such the photoresist layers described, much
higher mass resolving power might be needed to avoid any mass interference that would result in incorrect
data interpretation. OrbitrapTM mass analyzers [vii] are a recent addition to the SIMS arsenal that allows for
even greater mass resolving power (~20x that possible in ToF-SIMS) and the possibility for carrying out
Tandem Mass Spectrometry (MS) (also called MS/MS) secondary ion peak verification. The MS/MS capability
has been highly successful in the analysis of complex organic materials in mass spectrometry [viii]. This allows
for greater confidence in peak assignments, especially when examining large organic molecular secondary
ions.

The OrbitrapTM-SIMS analytical methodology has been already successfully applied to a variety of biological
systems, especially thanks to the label-free imaging approach and the MS/MS capability, as first reported by
Passarelli et al. [ix]. A first demonstration of the need for such an approach in the analysis of photoresist layers
has been recently provided by Spampinato et al. [x].

This project aims to the further application of ToF-SIMS and OrbitrapTM-SIMS methodologies (including the
use of GCIB and MS/MS capabilities) to unlocking the chemistry involved during the EUV photo exposure on
thin photoresist layers when the composition and the processing conditions vary. This study will also give the
opportunity to find a clear logic between formulation and performances of such layers.

This work will be done in a collaboration between imec, Belgium (PR group and Materials and Components
Analysis department) and National Physical Laboratory (NPL), UK, offering expertise in a multitude of
characterization techniques in support of this project. The very close collaboration with the process engineers
of imec and its partners warrants direct industrial impact.
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