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     Electron Beam Direct Write (EBDW) has been in semiconductor industry since mid-1960s. 
Due to its relatively low throughput compared with optical lithography, EBDW has never 
been the mainstream lithography technology.  Most commonly, high energy electrons are 
used for exposure because of high resolution. However, EBDW with a high accelerating 
voltage suffers from (a) causing damage to the underlying substrate, (b) low throughput (high 
exposure doses) due to a small fraction of energy dissipated in the resist layer rather than in 
the substrate, and (c) proximity effects, resulting from the electrons scattered within the resist 
and backscattered from the substrate, making the writing of dense patterns very challenging. 
These drawbacks can be rectified by using low energy EBDW1-3. Multiple-Electron-Beam 
Direct Write (MEBDW) is one of the possible lithographic solutions for 32-nm HP node and 
beyond4. The MEBDW using 5 keV can provide lower resist dosage and less heating effect 
onto substrate, which are better for enhancing throughput, CD, and overlay, comparing with 
that using 100 keV electron beam5. This motivates our study of ultimate resolution EBDW on 
HSQ at 5 keV. 
  

Silicon substrates have been spin-coated with HSQ at 500 rpm for 1 sec and 2250 rpm for 
45 sec. The resulting resist thickness is about 40 nm. The wafers with resist were either pre-
baked on hotplate at 100 C for 120 sec or non-baked and exposed at 5 keV by a SEM based 
EBDW system developed by Elionix Inc. An Elionix CAD system ECA-6W (WecaS CAD 
format system) is installed to control the beam scanning and blanking of Elionix ESM-9000. 
After exposure, the wafer was developed in 2.38% TMAH at 21.5 C for 7 minutes. 

 
The resolution capabilities for 40 nm thickness HSQ negative tone resist at low electron 

energy of 5 keV have been demonstrated in gratings and hole arrays. The main limitation for 
the resolution in dense pattern exposure is the electron scattering which makes the writing of 
dense patterns very challenging. We were able to achieve 20.8 nm lines with 15 nm half pitch 
grating in pre-baked HSQ (Fig. 1), 10 nm lines with 14 nm half pitch grating in non-baked 
HSQ (Fig. 2), and hole arrays of 17.5 nm in diameter with 37 nm pitch, 30 nm in diameter 
with 45 nm pitch, and 15 nm in diameter with 55 nm pith (Fig. 3). It is also found that pre-
baked HSQ required less dosage, which can enhance the throughput, but sacrificed the 
resolution.   
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Fig. 1 20.8 nm lines with 15 nm half pitch written in prebaked HSQ at 5keV with line dose of 0.2178 nQ/cm 
(a) L shape patterns shown the writings in X and Y directions are connected (b) SEM photo shown the middle of 
grating structures at magnification of 150,000 and tilt angle of 52° (c) SEM photo shown the edge of grating 
structures at magnification of 100,000 and tilt angle of 52° 
 
 

  
Fig. 2 10 nm lines with 14 nm half pitch written in non-baked HSQ at 5 keV with line dose of 0.2376 nQ/cm  
(a) SEM photo at magnification of 150,000 (b) SEM photo at magnification of 200,000 shown the designed 40 
nm gaps 
 
 

   
Fig. 3 Hole arrays written in HSQ at 5 keV (a) 37 nm pitch hole array with diameter of 17.5 nm (b) 45 nm pitch 
hole array with diameter of 30 nm (c) 55 nm pitch hole array with diameter of 15 nm 
 


