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Objective:  

Developing a robust ultrafast electron emitter array 

for use in a compact coherent X-ray source 

 

Methods: 

- Plasmon enhanced electron emission from metallic 

nanostructures 

- Femtosecond laser excitation 

- Simulation of local electric field strength by the finite 

element method (FEM)  using COMSOL 

Multiphysics 

- Fabrication via electron beam lithography 

- X-ray wavelength related to electron emitter pitch 

via emittance exchange  

Charged-particle beam lithography  

towards the atomic scale 
Objective:  

Develop of nanometer-scale patterning to extend current manufacturing capabilities and to 

enable novel applications and scientific experiments, such as energy transfer studies in sub-

10-nm systems and nano-photonic devices by investigating the resolution limits of charged-

particle-beam lithography (CPL): electron-beam (EBL) and ion-beam lithography (IBL).  

 

 

Methods: 

We have explored EBL capabilities from 1 to 200 keV, 

from 0.15 to 10 nm spot size, and with a variety of 

resists and development solutions. 

 

We have explored helium, lithium, and neon-ion beam 

lithography. 

 

We have analyzed CPL resolution limits with 

lithographic methods, energy-filtered TEM, EELS, and 

with Monte-Carlo simulations. 

Electron-beam Lithography  

using an aberration-corrected STEM Neon-ion-beam lithography 
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Objective: 

We are developing methods for top-down templating of assembled structures of protein and 

DNA molecules. In this work, the arrangement of biomolecules on a surface is guided by 

lithographically patterned features. This approach combines the fast deposition of 

information into materials that can be accomplished with lithography with the wealth of 

molecular diversity and complexity that can be accessed using organic chemistry and 

modern molecular biology. 

 

Methods: 

We used a long stiff cortexillin as a test protein and a gold nanopost as a template.  

The cortexillin protein was engineered to 

have a N-terminal cysteine and C-terminal 

His6 tag. The surface of a substrate was 

coated by a polyethylene glycol, which 

prevents the non-specific binding of proteins 

 

Gold nanoparticles were used to label the 

proteins attached to the gold posts. As shown 

above, the gold particles were assembled 

around the gold posts. This result indicates 

that the cortexillin proteins were selectively 

attached to the gold posts.  

Objective: 

We are developing methods of controlling the self-assembly of block copolymers in single 

layer or bilayer block copolymer films to make useful patterns or structures with a high 

throughput.  

Methods: 

- PS-b-PDMS block copolymer: high etch selectivity and high chi parameter  

- HSQ post: high contrast negative tone resist. 

1. Complex 2-D complex pattern 

- PDMS brush was used 

- square array: restricted orientations  

- sparse double posts: local control 

- four tiles: basic building blocks 

 

(pattern prediction yield: ~97 %)  

2. 3-D structures 

- PS brush was used 

- thick block copolymer film (~40 nm) 

- tall HSQ post (~33 nm) 

- junctions or bends  

(various different 3-D structures can be 

fabricated by this methods) 

Objective: Nanofabrication, and nanolithography in particular, are the cornerstone of the modern microelectronics industry, and are integral to the future 
of nanotechnology as a whole.  We are investigating fundamental challenges associated with continued scaling of electronic and nano-photonic device 
components. We are investigating the resolution limits of charged-particle lithography, including electron-beam and ion-beam lithography.  The group also 
actively investigates the use of nanostructure arrays fabricated by nanolithography, as templates for:self-assembly of block copolymers,placement control of 
biomolecules or quantum dots and as sources for the production of coherent electron pulses.  
 
Continued scaling of devices toward molecular dimensions continues to unearth fascinating physical phenomena, which are of fundamental scientific interest 
as well as being critical to the development of future applications. 
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Our method: For fabricating patterns, we use a Raith 150 electron-beam lithography system (30kV acceleration voltage) and Ellionix (125kV acceleration voltage). We also 
use an aberration-corrected STEM(Brookhaven) and neon-ion beam lithography system(Zeiss). Mainly, we use NanoStructures Laboratory for spin-coating resists, depositing 
metals or developing exposed resists.   

 

Collaborators: Prof. Caroline Ross, Prof. Amy Keating, Brookhaven National Lab, Zeiss, NIST  

Sponsors: TSMC, SRC, INL, Center for Excitonics, DARPA 
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Ultrafast Optically Stimulated  

Electron Emitter Arrays 


