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1. Introduction

Polycarbonates are well-known, commercially available materials. Because of their excellent
breakage resistance the polycarbonates (PC) have replaced glass in many products, such as
automobile headlamps an the like. However, their low hardness, low scratch resistance and
degradation by ultra-violet (UV) radiation limited their full utilisation. To remedy thislimitation
the methods for producing a hard protective layer are applied. Contemporary development is
directed to replace the painting technology dangerous for the environment by more ecological
one. For this purpose plasma enhanced chemical vapour deposition (PECVD) is often used [1],

[2].

We deposited protective layers on PC at the near room temperature by PECVD based on
hexamethyldisiloxane (HMDSO) monomer. Silicon oxide films protected PC against mechani-
cal damages [3], [4]. However, as SIO, films are fully transparent in the ultraviolet (UV) they
could not protect PC against degradation by the UV radiation. Therefore we dealt with the
deposition of organic plasma polymers absorbing in the UV aswell.

2. Experimental

We deposited films from HMDSO and HMDSO/O, mixturesin a parallel plate reactor. The
bottom substrate electrode, 410 mm in diameter, was capacitively coupled to an rf generator
working on the frequency of 13.56 MHz. The upper showerhead electrode, 400 mm in diameter
and 55 mm distant from the bottom one, was grounded. On the bottom electrode a negative
self bias was developed due to the asymmetric coupling. Its value could be increased by an
additional dc voltage supply. Rf power P was changed from 100 to 450 W. HMDSO flow rate
Qunvpso Was kept at 4.0 sccm. The flow rate of oxygen Qo2 was varied from 10 to 80 scem.
Dc negative self bias was maximum -150 V. Films were deposited on polycarbonate Lexan LS2
and silicon substrate put on PC.

Films were characterized by the UVISEL Jobin-Y von phase modulated ellipsometer. The
modulated light intensity, 1, I, and 1. were measured in the spectral range 240-830 nm at the
incidence angles 55°-75° by the step of 5°. The complex reflection coefficients of a measured
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system, 7, and 7, can be expressed as a functions of I . [9].

The reflection coefficients 7, ; for a single thin film between semiinfinite media are given
by [6]

. T1p.s + Tops€ ™"

e = ﬁrlpzpe—m (1)
The Fresnel coefficients 74, 5, 72,5, and the phase difference = are the functions of the film
refractiveand absorptionindicesn, k, thefilm thicknessd and optical parametersof thesubstrate.
We used the model of a single homogeneous film to calculate the film optical parameters. Inthe

whole range, they could be described by simple analytical formulae:

n=a+b/\+c/\, k= a.e (2)

where \ is the wavelength.

3. Reaults and Discussion

We observed the deposition uniformity of two order better than for the gas supply from the
center of the bottom electrode. Within the distance of 4 cm any change of the film thickness
was not observed. The uniformity in the film refractive index was even better.

Films deposited from pure HMDSO show the pronounced influence of the dc negative
bias voltage on their optical propertiesin the UV-VISrange (see Figure 1). Refractive indices
increase with the dc biasin the whole spectral range. Absorption indices steeply increasein the
UV rangefor the higher dc voltages. This effect could be utilized to deposit films protecting PC
against the UV radiation. Films deposited from HMDSO/O, mixtures are nonabsorbing even
for the highest rf power or bias voltage. For smaller ones their refractive indices are below the
values tabulated for SiO, bulk material probably due to lower film densities. For higher power
or dc bias, n achieves or exceeds SO, values.

In contrast to the HMDSO/O, feeds, the deposition rate of films from pure HMDSO
depends linearly on the rf power (see Figure 2). At lower rf power the deposition rate increases
with an increasing oxygen flow rate. We expect that chemical reactions with non-completely
dissociated monomer prevaile in the film deposition. On the other hand the deposition rate for
450 W is higher for pure HMDSO feeds and does not depend on the flow rate of added oxygen.
In this case the organics parts of monomer are oxidized, pumped out and therefore lost for the
deposition.
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Fig. 1. Dispersion of refractive and absorption indices n and k, respectively of films deposited from
pure HMDSO (Quwm

pso = 4.0 sccm, p = 1.2 Pa) as a function of negative bias voltage.
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Fig. 2: Influence of rf power on deposition rate of films deposited from HMDSO/O2 mixtures (QuMDSO
= 4.0 sccm). voltage.

References

[1] U.S. patent 005554 418 A, 1996

[2] U.S. patent 005569 497 A, 1996

[3] L. Zajickova, V. BurSikovaand J. Janta: Vacuum 50(1-2) (1998) 19.

[4] V. BurSikova, L. Zgjickovaand J. JanCa: Proceedings of ICCP’ 98, Prague, (1998)
[5] B. Drevillon: Prog. Crystal Growth and Charact. 27 (1993) 1.

[6] M. Born and E. Wolf: Principles of Optics. Pergamon Press, Oxford, 1968.

2784



