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Abstract:

compounds containing tin, cobalt, platinum, palladium, 
bismuth and antimony in our project called Molecular 

project focuses on the development and characterization 
of metal-containing photoresist platforms for Extreme 
Ultra Violet lithography applications. Our goal is 
to develop materials suitable for both positive- and 
negative-tone EUV resists and E-beam resists. We 
leveraged Cornell Nanoscale Facility’s nanofabrication 
and characterization capabilities to carry out E-beam 
lithography and SEM analysis of these platforms.

Summary of Research:

We prioritized work on organo-metallic resists, which 
showed promising initial results but suffered from 
reproducibility issues. Addressing this is foundational 
to ensuring consistent performance in both academic 
research and industrial integration.
CNF Usage and Progress

multiple visits to CNF, steadily increasing the 

Imaging Trips Schedule

Over time, our group; Increased participation (from 2 
to 4 researchers per trip), conducted process planning 

Metal-Containing Resists for Extreme Ultra Violet

CNF Project Number: 3108-23
Principal Investigator(s): Robert L. Brainard 
User(s): Munsaf Ali, Moira Niluxsshun, Harry Weinstein, Stephen Smith, Ryan Chae

meetings beforehand, reduced screening of new 
platforms in favor of optimizing high-performing 
candidates, improved familiarity with lithography and 
SEM tools

microscopy.
Technical Achievements

Developed contrast curve data across several 
resist formulations (Figure 2).
Achieved high-resolution imaging of both 
positive- and negative-tone resists

Demonstrated excellent line edge roughness 
(LER) in optimized formulations

pre- and post-development
Figure 3 and Figure 4 present representative SEMs 
of successful patterns, showing clear resolution 
improvement.

Conclusions and Future Steps:
Our CNF trips became increasingly effective as the 
team-built process familiarity and focused on materials 

Continued reproducibility studies of organo-
molecular resists
Further dose optimization and LER analysis
Testing of various development protocols on 
positive and negative tone resist platforms
Continued e-beam lithography and SEM imaging 
of optimized resists



2024-2025 Research Accomplishments 199

P
R

O
C

ESS &
 C

H
A

R
A

C
TER

IZ
A

TIO
N

References:
[1] M. Sortland, J. Hotalen, R. Del Re, J. Passarelli, M. 

Murphy, T. S. Kulmala, Y. Ekinci, M. Neisser, D. A. 
Freedman, and R. L. Brainard, “Platinum and palladium 

[2] M. Wilklow-Marnell, D. Moglia, B. Steimle, B. 
Cardineau, H. Al-Mashat, P. Nastasi, K. Heard, A. 
Aslam, R. Kaminski, M. Murphy, R. Del Re, M. 
Sortland, M. Vockenhuber, Y. Ekinci, R. L. Brainard, 
D. A. Freedman, “First-row transitional-metal oxalate 

[3] B. Cardineau, R. Del Re, M. Marnell, H. Al-Mashat, 
M. Vockenhuber, Y. Ekinci, C. Sarma, D. Freedman, 
R. Brainard, “Photolithographic properties of tin-oxo 

[4] R. Del Re, J. Passarelli, M. Sortland, B. Cardineau, Y. 
Ekinci, E. Buitrago, M. Neisser, D. A. Freedman, and 
R. L. Brainard, ”Low-line edge roughness extreme 
ultraviolet photoresists of organotin carboxylates”, 

Cardineau, H. Al-Mashat, P. Nastasi, K. Heard, A. 
Aslam, R. Kaminski, M. Murphy, R. Del Re, M. 
Sortland, M. Vockenhuber, Y. Ekinci, R. L. Brainard, 
D. A. Freedman, "First-row transitional-metal oxalate 

Sarma, D. Freedman, R. Brainard; “Bismuth resists for 

Hotalen, L. Dousharm, Y. Ekinci, M. Neisser, D. 
Freedman, R. Fallica, D. A. Freedman, R. L. Brainard, 
"Organometallic carboxylate resists for extreme 

P. Schuler, J. Richards, G. Denbeaux, R. L. Brainard; 

Figure 2: Positive-tone pattern Observed using optical microscope 
and AFM.

Figure 4: SEM image of negative tone resist B at 20 nm resolution 


