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Abstract 
An in-situ O2 plasma is often used for cleaning high aspect ratio Si structures (AR = 35) which are Bosch-

etched. During the cleaning process a SiOx layer is formed, which could be a problem for further processing. 

A vapor HF step is introduced to remove the SiOx layer uniformly in structures with an aspect ratio of 35 and 
to obtain a well-defined Si surface again. 

 

Introduction 
Post-processing after Bosch plasma etching is an important step in numerous processes and is used to get 

a well-defined Si surface again. In this paper we focus on high aspect ratio (HAR) trenches. These structures 
are of importance in technology platforms such as Buried Channel Technology (BCT) [1] and Trench-

Assisted Surface Channel Technology (TASCT) [2]. The post-processing with an O2 plasma is required to 

remove fluorocarbons (FC) from the sidewalls of the etched structures and other organic residues (i.e. 
photoresist) from the wafer surface. The introduced vapor HF step is used to strip SiOx which is created 

during the FC/photoresist removal [3]. 

 

Experimental results  
Comparable to the BCT and TASCT processes, trenches of 2 µm wide are etched 70 µm deep (AR = 35) 

in a Si wafer using a two-step Bosch recipe in an Oxford Instruments PlasmaPro100 Estrelas (figure 1). The 

post-processing consists of a low-pressure, high-flow O2 plasma step of 300 s (10 mTorr, 100 sccm O2,  
2000 W ICP) and is applied in-situ directly after the Bosch etch in the same machine. To remove the layer of 

SiOx, which is formed during the O2 plasma step, a 120 s exposure to vapor HF at 35°C is done in an Idonus 

setup.  
To test the efficiency of this post-processing method and investigate the side-effects of the different steps, 

i.e. the formation of SiOx, an SF6-based isotropic etch of the Si trench wall is performed in a home-built 

parallel-plate RIE system after every step in the process (styros electrode, 10°C, 50 sccm SF6 at 50 mTorr 
and 100 W power). Cross-sections of all steps are inspected in a FEI Sirion HR-SEM and close-ups of the 

bottom of the trenches are shown in figures 2 to 4.  

In figure 2A, the bottom of a trench is shown after the Bosch trench etch (close-up of figure 1) and after 
the isotropic widening with SF6 (figure 2B). The etch step in the Bosch etch cycle is the last step, leaving the 

bottom of the trench uncovered from FC. Although SF6 is etching FC, the isotropic widening etch was limited 

(only 120 s). This caused that a buried-channel structure is formed (figure 2B).  
In the trench of figure 3, the post-processing with O2 plasma is performed. It is expected that the FC are 

stripped during this step. However, quantitative analysis methods to verify this were not available. In this 

step, the sidewalls are protected with SiOx [3], while the bottom SiOx is etched away due to the applied 
potential over the electrodes during the SF6-based isotropic widening etch. This makes that there is no 

difference between figure 3 and 4.  

In figure 4 the post-processing is extended with a 120 s vapor HF exposure step. This strips the SiOx from 
the sidewalls and bottom of the trench prior to the widening etch, giving a full isotropic widening of the 

trench during the SF6 exposure. 

 

Conclusion 
With the proposed post-processing method, HAR Bosch-etched trenches can be prepared for further 

processing in less than 10 minutes. The vapor HF is capable of stripping the SiOx over the full length of 

trenches with AR = 35. We visually demonstrated the effects of the used steps by SEM. Future studies include 

etching of wider trenches, while maintaining the aspect ratio, in order to enable quantitative elemental 
analysis at the bottom of the trench to investigate whether FC is completely removed or not. 

 

Acknowledgements 
This work is part of the research program “Integrated Wobbe Index Meter” under project number 13952 

which is co-financed by the Netherlands Organization for Scientific Research (NWO). 
 

References 

[1] M.J. de Boer, R.W. Tjerkstra, J.W. Berenschot, H.V. Jansen, G.J. Burger, J.G.E. Gardeniers, M. 

Elwenspoek, A. van den Berg, Journal on Microelectomechanical Systems, 9(1), 2000, 94-103. 
[2]  H.-W. Veltkamp, Y. Zhao, M.J. de Boer, R.G.P. Sanders, R.J. Wiegerink, J.C. Lötters, Proceedings of 

the 32nd IEEE International Conference on Micro Electro Mechanical Systems (MEMS), 2019, 648-651. 

[3] J.R. Ligenza, Journal of Applied Physics, 36(9), 1965, 2703-2707. 
 

 

 

Figure 1. Initial trenches etched with a two-step 

Bosch process. The width of the trenches is 2 µm 
and the AR is 35. 

 

Figure 2. Close-up of the bottom of the trench after 

(A) the Bosch etch, and (B) as (A) but with an 
isotropic widening etch. 

  
Figure 3. Close-up of the bottom of the trench after 
(A) the low-pressure, high-flow O2 plasma step, and 

(B) as (A) but with an isotropic widening etch.  

Figure 4. Close-up of the bottom of the trench after 
(A) the low-pressure, high-flow O2 plasma step and 

the vapor HF treatment, and (B) as (A) but with an 

isotropic widening etch. 
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