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In order to fabricate micro and nanoscale devices that are capable of high power and precise 

tolerances, it is important to optimize the transfer of the pattern into the underlying substrate. Many 

different pattern transfer techniques have been used over the years with varying results.  A 

particularly promising technique is the use of Inductively Coupled Plasma / Reactive Ion Etching 

(ICP/RIE), since it offers a great deal of control over the anisotropy of the etching, as well as control 

over the sidewall roughness, etch angle, and undercut.  By varying the gas composition, temperature, 

pressure, and power (both the absolute ICP and RIE as well as the balance between the two), precise 

control of the etch profile is achieved. Frequently a hard mask of silicon dioxide, chromium, or 

aluminum oxide is used to provide high selectivity, but this additional processing adds complexity 

that can be avoided by the choice of an appropriate resist mask. 

 

For nanoscale processing, electron beam lithography is used to define structures in the sub-micron 

regime, even down to around 10 nm. There are resists that have been optimized for resolution, 

sensitivity, etch selectivity, etc.  In this study, we compare the performance of three different 

electron beam resists as etch masks for silicon Bosch and cryogenic etch processing on silicon 

substrates.  

 

The electron beam resist polymethyl methacrylate (PMMA) is a leader in that it has been used for a 

long time and is well-characterized.  It has good sensitivity, is used for high resolution patterning, 

and is relatively economical.  It is not known as being a particularly good resist for direct pattern 

transfer by ICP/RIE, so it is often used on top of a hard mask. This adds to the complexity of the 

etch process. ZEP520A is another electron beam resist that has higher sensitivity than PMMA with 

comparable resolution. ZEP520A is also known to have better selectivity than PMMA for a given 

ICP/RIE process, but at about 10x the price.  A third resist that was studied here is SML resist.  It 

has shown to have sensitivity slightly lower than PMMA, but able to support aspect ratios of over 

90:1 with high resolution [1].  In PMMA the highest aspect ratios reported have been around 11:1 

[2] by comparison. 

 

We present the results to date in our study of the etch characteristics of the three resists PMMA, 

ZEP520A and SML.  In Figures 1 and 2, respectively, the results are shown before and after the 

room temperature “pseudo-Bosch” process with the following etch recipe: 

 

C4F8: 35 SCCM / SF6: 22 SCCM ICP: 1200 W / RIE: 20 W 

Pressure: 10 mTorr Temperature: 16 °C DC bias: 80 V 

 

The final version of this late-breaking poster submission will show a comparison of PMMA, ZEP 

and SML resists as candidates for pseudo-Bosch etch masks. These results show the promise of 

using SML resist to optimize etch processes by achieving high aspect ratio and selectivity while 

reducing the complexity that is required when using a hard mask. 
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Fig. 1. SML 2000 resist on silicon after 10 minutes of pseudo-Bosch etching. From the initial 2 um 

thickness of resist, 1.33 um remains.   28,000 X Mag.  

 
Fig. 2. After removal of SML resist from the sample, the depth of Si etch was measured to be 283 

nm. The area on the left of this figure was where the FIB was used to obtain a cross-section of the 

resist before it was removed in acetone.  

 


