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Effects of C4F8/CF4 ratio and N2 on low-k film properties have been studied in order to minimize damage during 
low-k patterning. XPS results show that increasing C4F8/CF4 ratio deposits CxFy polymer on the low-k film, 
leading to hydrophobic pore sealing, and this is confirmed by less O-H peak increase and less carbon depletion in 
the FT-IR spectra. Skipping N2 from etch recipes stimulates CxFy polymer deposition and gives the lowest low-k 
damage. Application of highly polymerizing etching without N2 to patterned wafers and electrical evaluation are 
in progress to verify the above results. The results are also compared with plasma damage in typical strip plasmas. 
It is shown that degree of plasma damage is higher in H2-based and O2/SF6 plasmas in comparison with O2 and 
O2/CF4 plasmas.  
 

Introduction  
In order to integrate low-k dielectrics in 

interconnect technology, it is necessary to minimize 
film damage during etch and resist strip processes. 
For this purpose, O2-free chemistries are considered 
as promising and instead of O2, N2 is often used to 
maintain the etch rate.[1] However, some other issues 
are important for successful integration. For instance, 
N radicals can react with the low-k matrix and 
increase the dielectric constant, while CxFy polymers 
might be a reason for Cu corrosion and can create 
issues of sidewall cleaning before barrier metal 
deposition. In this work, by changing the relative 
amounts of C4F8, CF4 and nitrogen in the etch gas 
mixture, we assessed the effects of polymerizing 
amount on low-k film properties in more detail. In 
addition, N2 effects were analyzed using FT-IR, XPS, 
EP (ellipsometric porosimetry), etc. Degree of 
damage in different strip plasmas is also evaluated. 
   
Experimental 

The low-k film used in this research is 
NanoCrystalline Silica (NCS) developed by CCIC in 
Japan. This film is 30% porous, has a pore size of 1.8 
nm and the k-value is 2.3-2.4. NCS shows very good 
mechanical properties (E = 9-10 GPa and 6-7 GPa by 
NI and SAWS, respectively) and good thermal 
stability that makes it interesting not only for 
interconnect application but also for pre-metal 
isolation in memory devices.[2] This is the reason 
why extensive research on its properties is important. 

The etching of 400nm thick blanket NCS films 
has been performed in a dual frequency CCP chamber. 
As shown in the table below, main etch chemistries 
were split to see the effects of C4F8/CF4 ratio and N2. 
The same chamber was used to strip resist in O2, 
O2/CF4 and N2/H2 plasmas. O2/SF6 strip was done in a 
TCP (transformer-coupled plasma) chamber. After the 
plasma treatments, ellipsometric thickness 

measurements, FT-IR, XPS, and EP analyses were 
carried out.  

 
Etch Chemistry 

D02 65CF4/10CH2F2/100N2/200Ar 
D03 55CF4/10C4F8/10CH2F2/100N2/200Ar 
D04 45CF4/20C4F8/10CH2F2/100N2/200Ar 
D05 65CF4/10CH2F2/zeroN2/300Ar 
D06 5C4F8/5CH2F2/100N2/320Ar 
D07 Reference (not etched) 

 
Strip Chemistry 

D10 N2/H2,  5 s 
D11 N2/H2, 10 s 
D12 N2/H2, 15 s 
D13 O2
D15 O2/CF4
D18 O2/SF6

Results and discussion 
We do not observe direct Si-OH formation at 

~3700cm-1 due to no O2 usage in etch recipes(Fig.1).  
which means low plasma damage regardless of the 
etch conditions. Amount of physically adsorbed water 
is minimal when the plasma is N2-free and contains 
relatively small concentration of CF4. XPS shows that 
only top 30 nm of the low-k film has been modified 
during the plasma treatments. No carbon depletion is 
observed in all cases(Fig. 2). Moreover, in all cases, 
the total carbon concentration increases because of 
CxFy polymer deposition. Atomic concentrations of F, 
C and N in the top layer are shown in Fig. 3. The top 
part of the pristine NCS film contains about 10 
atomic % of carbon, almost no F and N are 
detected(level of contamination). D02-D04 plasmas 
contain the same amount of N2, Ar and CH2F2 but the 
C4F8/CF4 ratio increases from 0 to 0.45. One can see 
that the plasma without C4F8 shows the highest etch 
rate (Fig. 4) and no change of C concentration in 
comparison with the pristine sample is observed. 
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Increase of F and N concentration is also not 
significant. C4F8 additive decreases the etch rate and 
drastically increases the polymer formation. Increase 
of F concentration is proportional to C (Fig. 3), which 
means the major species diffused into pores are CxFy 
radicals. D05 is similar to D02 but doesn’t contain 
nitrogen. Skipping nitrogen drastically increases 
carbon and fluorine concentrations in the film. 
Comparison of D05 with D03 and D02 samples 
shows a change of polymer composition. Polymer in 
nitrogen free plasma is clearly fluorine-rich. D06 
contains a relatively low concentration of 
fluorocarbons but we used higher power. As expected, 
less polymer is formed in this case. 

Regarding NCS damage in strip plasmas, both 
O2-based and H2-based plasmas generate carbon 
depletion(Fig. 5). However, the behavior of this 
material is different than expected. H2-based plasma 
damages NCS more than O2 and O2/CF4 plasmas do. 
Moreover, the degree of damage in H2 plasma is time-
dependent, while the time dependence is not observed 
for oxygen-based plasmas. It is shown that the degree 
of damage was maximal in the O2/SF6 plasma. 
However, it is still not clear what the key factor for 
the difference between O2/CF4 and O2/SF6 plasmas is. 
The possible reasons (pressure, electron temperature, 
chemical factors) will be discussed during the 
presentation. 

It is important that CxFy polymers deposited 
inside the pores in the top part of low-k film can 
protect the low-k film during the strip, preventing 
penetration of active radicals into the film. Results 
showing this phenomenon will be presented and 
discussed. 

 
Conclusions 
O2-free etch plasmas provide low damages for NCS 
film. The NCS etch rate and amount of deposited 
polymers depend on the relative amounts of 
hydrocarbons and the presence of nitrogen in etch 
recipes. Both reducing and oxidizing strip plasmas 
generate plasma damage. Very low damage is 
observed in O2 and O2/CF4 plasmas. The degree of 
plasma damage in N2/H2 plasma is higher and time-
dependent.  
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Fig.1 FT-IR spectra after various plasma treatments. 
Wide band ranging from 3700-3100cm-1 corresponds 
to moisture adsorption whereas the peak at ~2980cm-1 
shows C-H3 content in the low-k. 
 

 
ig.2 XPS depth profiles of C concentration after 

different etch plasmas. 
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Fig.5 TOF-SIMS data showing C profiles after different 
strip plasmas.  
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Fig.3 Fluorine, Carbon and Nitroge
the top part of etched samples.  
 

Fig.4 Etch rate of NCS depending on etch conditions 
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