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Introduction to GOPHER process

GOPHER:
■ Generation Of PHotonic Elements by RIE

❏ anisotropic etch → conformal deposition → clear 

bottom → isotropic etch → clear mask

■ fabrication of photonic crystal membranes 

from single-crystal silicon

■ investigate alternative to standard Drytek2



GOPHER Process Flow I

1. oxidation and mask etch 2. anisotropic silicon etch

3. PR strip and conformal oxide 4. anisotropic oxide etch



GOPHER Process Flow II

5. isotropic Si etch 6. oxide strip

Hadzialic et al. (2010)



PT-DSE Introduction

■ fast gas switching, high 

ICP power and gas flow 

capabilities

■ very capable DRIE tool



Experimental Process Flow

■ thermal oxidation

■ litho - asml

■ oxide etch - amtetcher 

■ strip resist/polymer - gasonics

■ measure mask film thickness - nanospec

■ isotropic etches

■ FIB measurements an final mask thickness



Test Structure I



Test Structure II



■ Baseline recipe based on EtB from DSE FAT
❏ only other steps: GS, LT, PWD - no cycling

❏ electrode bias reduced

❏ other parameters selected based on experience with 

DRIE process optimization

Experimental Plan I



Experimental Plan II

(J.W. Jeong)



Experimental Plan III

■ 2^3 full factorial DOE: ~9 wafers

■ process variables
❏ electrode bias (30-50 V)
❏ pressure (15-25 mTorr)
❏ electrode temperature (5-25 ℃)

■ measurements via FIB, optical film measure
❏ vertical (d) and lateral (b) etch rates
❏ anisotropy (calculated as AF = 1 - b/d)
❏ mask selectivity - TBD



Experimental Plan IV



First Etch Example I



First Etch Example II



First Etch Example III



First Etch Example IV



Screen Etch - electrode T (DB235)



Screen Etch - pressure (DB235)



Screen Etch - pressure (Helios)



Least Squares Model - All Response



Least Squares Model - All Response



Least Squares Model - Vertical



Least Squares Model - Lateral



Next Steps

■ design new mask with custom structures

■ rerun similar full factorial DOE utilizing an 

extended parameter space 

■ hopefully, Helios electron beam imaging 

issues will be addressed in the near future



Conclusion

■ Sought to characterize a new option for 

isotropic plasma etching of silicon

■ Etch profiles strongly affected by 

temperature, significant effect of bias

■ However, more work necessary to achieve 

desired etch profile → better test structures!
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