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Introduction 

Heat has been a precious resource  

Since the Greek God Prometheus gave 

fire to the mankind 

Without heat, you can enjoy only 

Sashimi, not even Sushi 

 

But too much heat can be also a 

serious threat for our survival 

e.g. global warming 



Heat is also an important resource in 

ebeam lithography 

 

 

 

Again, too much heat is problematic 
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Introduction 
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T. Abe et al, “Resist 

heating effect in 

direct electron 

beam writing, 

JVST-B Vol.6 1988 



Inconvenient Truth 

Heat transfer from one shot to another 

causes ‘proximity’ heating effect 
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PAST 
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Solution in Old Days 

Solution.1.1  increase the pass count 
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SF 

EBM-3000, ZEP7000, 10uC/cm2, 1pass, 

(under-developed) 

H. Sakurai et al, “Resist heating effect on 50keV EB mask writing, 

SPIE 3748, 1999 



Other Solutions 

Solution.1.2 well spaced writing order 

 

 

 

 

 

Solution.1.3 alternate subfield writing order 
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S. Babin et al, “Resist heating 

dependence on subfield 

scheduling in 50kV electron 

beam maskmaking”, SPIE 5130, 

2003 

K. Goto et al, “Reduction of 

resist heating effect by writing 

order optimization, part II”, 

SPIE 6607, 2007 



PRESENT 
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Situation Getting Worse 

Exposure dose is getting higher 

<10uC in ~2005 

10~15uC in 2005~2010 

15uC~20uC in 2010~2015 

>20uC in 2015~  back to non-CAR era 

Write time is getting longer, so we cannot 

easily increase the pass count any more 

 

Solution.2  correct the resist heating effect 
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Difficulty in Correction 

Write time ∝N 

 

 

Heating calculation cost ∝N2 

 

 

 

 

Correction calculation time can rapidly take 

over the write time 
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target shot previously written shots 

・・・・ 

temperature 

summation 

Total calculation cost ∝ 1+2+3+..+(N-1)=N(N-1)/2 

N: shot count 

D: exposure dose 

J: current density 

s: settling time 

npass: pass count 



New Solution (1) 

Solution.2.1  correction per tertiary field 

Faster correction can be achieved by per tertiary-

field basis, instead of per shot basis 

Tertiary field count is fixed once the die size is 

fixed. Easier to estimate the maximum (worst) 

correction time. 
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SF TF division 

j 

i (Xi, Yi) 

(Xj, Yj) 

shot 

EBM-8000 or earlier EBM-9000 and later 

j 

i 



New Solution (2) 

Solution.2.2  GPU technology 
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Total 350TFlops … ref. ~10PFlops by super computer “Kei” in 2012 



Benefit of Correction 
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By applying resist heating correction, 

CD error should be reduced by >60% 

Write time should be also reduced by >20% 

CD benefit Write time benefit 
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For More Detail 

Oral session 

4/21(Tue) 11:50~ Session 4-3 

M.Suganuma, “Correction of Resist Heating 

Effect on VSB Mask Writer” 

Poster session 

4/21(Tue) 17:25~ Poster 7b-1 

H.Nomura, “Study on Modeling of Resist Heating 

Effect: Correction in EB Mask Writer, EBM-9000” 
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FUTURE 
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MB is the Next Solution 

Multi-beam technology is believed to bring the 

situation back to old peaceful days by its 

Low current per beamlet and 

Increased pass count 
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Further in future, it may be necessary to cope with heating 

effect correction again even on the multi-beam 



Conclusion 

NuFlare and D2S have developed resist 

heating correction system 

This technology brings benefits in both 

Better CD control and 

Higher throughput with reduced pass count 

Resist heating effect has been present since 

the beginning of ebeam lithography, but its 

correction has been finally realized by the 

power of GPU cluster 

We will introduce this new correction for 

EBM-9500 and EBM-9000 upgrade 

Slide 17 April 20, 2015 


