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INTRODUCTION: Diamond-like carbon (DLC) film 
generally has a very strong tolerance of soft X-ray irradi-
ation. However, highly hydrogenated DLC (H-DLC) film 
with a hydrogen content greater than 40 at.% was report-
ed to be modified by the irradiation of soft X-rays [1]. 
Soft X-ray irradiation against H-DLC film decreases the 
film volume and hydrogen content and increases hardness.
The density of the H-DLC film was reported to increase 
dramatically from 1.25 g/cm3 before irradiation to 1.40 
g/cm3 after the irradiation of soft X-rays with 200 mA∙h.
However, how the free volume in DLC films is changed 
by soft X-ray irradiation has not been investigated at all. 
In this study, we observed the dependence of the free 
volume in the H-DLC film on the dose of soft X-ray irra-
diation by Positron lifetime spectroscopy (PAS) meas-
urement using a slow positron beam, and discussed the 
structural change of the H-DLC film caused by hydrogen 
desorption upon soft X-ray irradiation.

EXPERIMENTS: H-DLC film was deposited on Si 
wafers by using an amplitude-modulated radio-frequency 
plasma-enhanced chemical vapor deposition method. 
(Nippon ITF Co.) The desired film thickness was 
200-nm-thick. The hydrogen content of H-DLC film was
estimated to be 50 at.%.

The irradiation of soft X-rays to the H-DLC film was 
carried out at BL06 of the NewSUBARU synchrotron 
facility [2]. The synchrotron radiation (SR) at the BL06 
sample stage had a continuous spectrum from infrared to 
soft X-rays, lower than 1 keV. An SR dose [mA h] is 
derived from the product of the ring current [mA] and 
exposure time [h]. 

Positron lifetime spectroscopy (PAS) measurement was 
performed at the slow positron beam system (B-1) at
Kyoto University research Reactor (KUR). Doppler 
broadening profiles of annihilation -rays were obtained 
using a Ge detector for each positron energy. The low and 
high momentum parts of spectra were characterized by 
the S and W parameters. S and W parameters as a function 
of energy were measured in the range of 0 - 30 keV. Posi-
tron annihilation lifetime spectroscopy (PALS) was per-
formed at an energy of 2 keV, corresponding to the DLC 
film on Si. A Kapton (polyimide) film was measured be-
fore and after measurements of the DLC samples as a 
control sample. Obtained lifetime spectra were analyzed 
by the PALSfit code assuming one-lifetime component.

RESULTS: Figure 1 shows the SR dose-dependence of 
positron annihilation lifetime. The positron annihilation 

lifetime of the H-DLC film before irradiation was 0.41 ns 
and it increased to 0.44 ns rapidly at an SR dose of less 
than 500 mA h. However, at an SR dose above 500 mA
h, the positron annihilation lifetime was approximately 
constant at 0.44. An increase in positron annihilation 
lifetime indicates an expansion of free volume in H-DLC 
film. That is to say, the desorption of hydrogen caused by 
the irradiation of soft X-rays increases the film density 
but increases the volume of the voids.

The W parameters were plotted as a function of the S
parameter in Fig. 2. The W parameter decreased linearly 
with increasing of the S parameter. This indicated that the 
same types of positron trapping sites are present. In other 
words, different types of vacancies were not created by 
the desorption of hydrogen due to the SR irradiation.

REFERENCES:
[1] K. Kanda et al., Sen. Mater., 29 (2017) 817-826.
[2] J. Taniguchi et al., Jpn. J. Appl. Phys., 41 (2002)
4304-4306.

Fig. 1 The SR dose-dependence of positron annihi-
lation life-time.

Fig. 2 The core annihilation parameter W versus the 
valence parameter S, in H-DLC films before and 
after SR irradiation.
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