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Effect of He plasma dechuck step in a dry resist strip process is analyzed. It is demonstrated that UV 
radiation from He plasma during the dechuck step dissociates the adsorbed water molecules, which are 
formed during the preceding oxygen-plasma-based strip. A product of the water photolysis - oxygen 
radicals are detected as a source of light emission at 777 nm. The intensity the emission of 
electronically excited O* radicals correlates with degree of damage occurred during strip. 
 

Introduction 

Porous low-k materials are more sensitive 
to chemical and plasma damage in comparison 
to conventional dielectric films [1]. Therefore, 
it is important to study different aspects of 
plasma damage during the processing steps. 
Certain challenges, which didn’t attract 
attention so far, are expected to be related to 
the electrostatic “chucking” and “dechucking” 
steps, which are used do fix and release wafer 
in industrial plasma etch systems. These steps 
are carried out in He plasma that emits EUV 
photons with energy sufficient to break 
molecular bonds.  

In this paper we analyze formation of 
oxygen radicals during the wafer dechucking 
in He plasma and some practical aspects of this 
phenomenon. 

Experimental 
Materials. The main low-k materials used 

in this study were porous carbon doped silica 
films (SiCOH) deposited by Plasma Enhanced 
Chemical Vapour Deposition (PECVD) on top 
of 300 mm silicon substrates. The low-k films 
had open porosity close to 25%, pore radius 
0.8-0.9 nm and k-value 2.5. 

The experiments have been performed on 
300 mm etch/strip LAM Versys Star chamber 
under the temperature 20 ºC and pressure equal 
to 20 mTorr. The wafers were exposed on 
O2/Cl2 19:1 strip plasma with various times, 
10 s, 20s and 30 s with power 1000 W. For 
dechuck we used 6 s  He plasma with power of 
400 W and gas pressure 20 mTorr. 

Optical emission from the plasma was 
collected using an optical fiber and dispersed 
using a 0.275 m monochromator (Acton 
Research Corporation, SpectraPro) with a 1200  

 
 

groove/mm grating onto an air-cooled 1024 
pixel intensified diode array detector 
(Princeton Instruments).  

Results and discussion 
Oxygen plasma used for resist strip emits a 
light with wavelength 777 nm that corresponds 
to 5P 5S transition of electronically excited 
Oxygen radicals [2] (Fig. 1a).  
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Fig. 1 Change of emission intensity at 777 nm 
during the exposure in O2/Cl2 plasma and de-
chucking (a) and the peak intensity of the same 
light in He plasma during de-chucking (b).   
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However, it is surprising that the light with the 
same wavelength is emitted during the 
dechucking step that uses pure He plasma 
(Fig.1a, right side). The peak intensity depends 
on preliminary treatment of the low-k film. 
Non-treated films show the emission intensity 
similar to bare Si wafer and much lower in 
comparison with low-k films exposed in 
O2/Cl2 –plasma (Fig. 1b). 
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Figure 2. Kinetics of 777 nm light emission 
during He plasma de-chucking.  
 

The “damaged” low-k film shows 
exponential decay of the light intensity (Fig.2). 
Initial (peak) intensity increases with the time 
of preliminary exposure in O2 - plasma.       
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Figure 3.  FTIR spectra of plasma treated and 
pristine low-k films. 

 
These phenomena suggest correlation of 

the light emission during the dechucking step 
with degree of plasma damage of low-k film. 
To verify it, we did FTIR analysis of the low-k 
films. Fig. 3 shows amplitudes of Si-OH and 
C-H groups on FTIR spectra of low-k films 
treated with Cl2/O2 with followed He 
dechucking of the wafer. The spectra of a 
pristine low-k and low-k treated with dechuck 
only are shown for comparison. The degree of 

C-H depletion and hydrophilisation are 
proportional to the time of exposure in O2/Cl2. 
The film exposed only in 6 He plasma is 
hydrophobic as a pristine film. 

The observed phenomena allow proposing 
the following mechanism. The appearance of 
O* radicals is related to photolysis of adsorbed 
water by EUV photons from He plasma [3,4]. 
The adsorbed water is formed as a by-product 
of reaction of organic hydrophobic groups 
during their exposure in O2 plasma. Relatively 
low processing temperature during the strip is 
sufficient for CO desorption but significant 
part of water molecules still remains inside the 
film in chemisorbed states. 
 
Conclusions 
 

1. If a porous low-k film is damaged 
during the oxygen-plasma-based strip, one of 
the reaction products is adsorbed water, which 
remains inside the pores. The He plasma used 
for wafer dechucking emits VUV and EUV 
photons that have energy sufficient for water 
photolysis. One of the products of photolysis – 
electronically excited oxygen radicals are 
detected via emission of 777 nm light. 

2.  The results demonstrate that optical 
emission of electronically excited oxygen 
radicals during the dechucking step can be 
used to monitor plasma damage happened 
during the etch and strip steps. Clear difference 
in the emission kinetics between the damaged 
and non-damaged samples is observed (Fig.2). 

3. Evolution of oxygen radicals during 
the dechucking step suggests that in certain 
cases it might result additional plasma damage 
and more detailed study of the related 
phenomena is a subject of our future research.  
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