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Abstract: Efficiency of medium choice for optical information recording is generally determined by
homogeneity degree of material on the recording surface and by its structure on the film depth. In this
respect pyrosolynes should be the prospective materials. Pyrosolyne dye films were produced on the
glass substrates initially remained at room temperature 7= 20°C by using different techniques such as
vapor deposition and sol-gel modified reactions. One of the precise control methods of material surface
physical-chemical state is ellipsometric method. In addition, the optical transmission measurements
were carried out for these films within the wavelength range A = 200-630 nm at two different polariza-
tion (p- and s-) of the incident light. It has been shown that the absorption bands near n = 1300 cm™!
are present in ellipsometric parameters spectra in case of the vapor deposited dye film samples. The
transmission optical measurements of organic films in the visible range without polarizer showed
presence of the absorption bands near A = 300 and 520 nm. The first absorption band was much more
intensive than another. It has been determined that the transmission values measured in polarized in p-
and s-directions light differs by 5-8% in comparison with data measured without polarizer.
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1. Introduction

The predominant compact disk (CD) mastering processes
are based on either photoresist or dye-polymer recording
media. There are several advantages of using the dye-poly-
mer mastering process over that of photoresist. The direct
effect of recording on the dye medium allows to control the
quality of the recording process in the manufacture of the
CD or digital versatile disk (DVD) masters. Besides, the
photoresist mastering process requires additional chemical
developing. The dye recording is based on a thermal re-
cording mechanism [1].

Efficiency of medium choice for optical information re-
cording is generally determined by homogeneity degree of
material on the recording surface and by its structure on
the film depth. It is shown that pyrosolynes should be the
prospective recording materials, because these dyes are
highly homogeneous on surface and in depth.

In this paper, the basic optical characteristics of the
vacuum evaporated disk in comparison with such charac-
teristics of the disc fabricated by conventional spin-coa-
ting method are studied.

The main aim of the present work is to clarify the mecha-
nism of dye layer absorbancy influence on formation of the
small recording marks.

2. Experimental

The samples of dye recording media were prepared by
thermal vacuum evaporation at the background pressure
of about 10 Pa on glass disks 160 mm in diameter and
2.1 mm in thickness in the commercially available
vacuum chamber having resistive thermal evaporators.
These glass substrates were also coated with a dissolved
dye in Si-polymer organic film by spin-coating. The thick-
ness of the film layers was approximately 0.15 wm.

The transmission spectra were recorded by SF-20 dou-
ble-beam spectrophotometer in the region 0.2 < A < 10 um.
The sample thicknesses were measured by means of opti-
cal multiple beams interference method and multiple an-
gle ellipsometry. The layers have been characterized by
infrared spectroellipsometry using a Fourier-transform
spectrometer in the middle infrared range (wavenumber
value range v = 400-5000 cm™!) in accordance with the
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scheme of polarimetric Beattie-Conn method [2,3]. Trans-
mission electron and atomic force microscopy probed film
morphology and structure.

3. Results and discussion

Integral absorption spectra of the vacuum evaporated and
spin-coated dye films are characterized by presence of a
broad intensive band at A =290 nm and a weak band near
500-520 nm (Fig. 1). The peak in the near UV region (290 nm)
is due to the band-to-band transition in pyrosolyne organic
dyes since we deal with the wide band-gap. The peak at
about 510 nm in the transmission spectrum could be asso-
ciated with intercenter transition of organic complex. The
similar peak was observed for original organic dye pow-
der [4]. This experimental fact confirms that the struc-
ture of organic dye was not destroyed during the film
deposition in the abovementioned technology.

Fig.2 shows the IR transmission spectra of the dye re-
cording layers. For the dye film distinct IR-transmission
minimum occurs at v = 1350 cm™! is observed. The or-
ganic dye optical properties were also studied by means
of spectroellipsometric method realised in the Beattie-
Conn scheme using Fourier transform spectrometer in the
IR within the wave number value range v=500-5000 cm .
The optical characteristics tan't and cosA vs wavelength
were determined [3]. The IR-ellipsometric measurements
using a Fourier-transform spectrometer also demonstrated
existence of the perceptible singularity at the same wave-
number value 1350 cm™!. Pyrosolyne organic complex
bonds have sp? configuration. The pyrosolyne lattice has
two o-bonds, one p7- bond, and it has two electrons in a
filled valence band [4,5] . Pyrosolyne ring has C = C and
C = Nin-plane vibrations in the two band range, one from
1300 to 1500 cm™! and the other from 1150 to 2500 cm™'.
The absorption band occurred for pyrosolynes in the re-
gion v =1250+1580 cm ! is due to the C=C and C=N
stretching vibrations. The C = N band for tetrahedral
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Fig. 1. Transmission spectra of pyrosolyne dye film at different
regimes.
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Fig. 2. IR transmission spectrum of pyrosolyne dye film.

aromatic amines is found in #» = 1300-1380 cm™! ran-
ge. The IR spectra exhibit a strong absorption band at
800 cm™! which is ascribed to Si-C bonds in the pyrosolyne
organic complex.

These dye films have two absorption bands, however
the absorption band near 300 nm is more appropriate for
information recording in DVD-R technology. It was shown
that organic disc exhibits excellent recording performance
for small marks less than 0.5 um in length. The absorp-
tion band for vacuum deposited dye films at 510 nm is
more intensive than for spin-coated film (Fig. 1). That is
why, it could be inferred that the vacuum evaporated films
possess a larger recording sensitivity in comparison with
dye-polymer layer. The power margin of the evaporated
disk is much wide than that of the spin-coated disk. The
evaporated disk is advantageous for high density record-
ing. In dye recording media the hole formation due to the
sublimation of dye material is still origin of the decrease
of the refractive index, and this mechanism leads to in-
crease of the refractive index changes at the recorded
pits. During the recording process laser energy destroys
the bonds between C and C, N, Si atoms.

The results of the spectroscopic measurements of pho-
toinduced dichroism in dye films are presented in Fig. 3.
Parallel and perpendicular absorption spectra components
(o, and o) were measured vs linearly polarized excitation
light. One can observe (Fig. 3) that the absorption index o,
for light polarized parallel to the incident plane becomes
smaller than for light polarized perpendicular to this plane.
Perhaps, these dye films provide high reproducibility of
photoorientation transformation under irradiation by light
with orthogonal polarization. Analysis of the tan'W(A) de-
pendencies showed that tan'¥'(A) values exceed unity for
the absorption band, it has permitted to conclude that the
film structure is anisotropical. The intensity of light con-
secutively passed through polarizer and an anisotropically
absorbing dye film is given by the relationship [6]:

Imax_lmin _ Imax;Imin COS(2®) (1)

Iout - 2
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Fig. 3. Absorption spectra for dye films at different polarizations.

where angle © is the orientation (in the plane of the sam-
ple surface) of the absorbing dipole with respect to mol-
ecule fast axes. The minimum intensity of light measured
during the modulation cycle is I,,;,, while I, is the maxi-
mum. Thus, the average amplitude of intensity modula-
tion can be given as:

_ I max_I min

R=7 ®)

max+l min

With the assumption that Beer’s law remains valid for
anisotropically absorbing sample, the anisotropic extinc-
tion coefficient can be obtained from R-value:

—_ 1-R
€ =—7-log({7p) (©)

where €is a molar extinction coefficient in mol'em™, 4 is
the film thickness and ¢ is aconcentration of an absor-
bing substance in the sample. Considering that the number
of absorbing centers is different for vacuum deposited
dye films in comparison with spin-coated films, one could
explain the observed distinctions between spectra in pa-
rallel and perpendicular polarized light.
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From the structure measurements it was found that
anisotropic grains (clusters) existing in dye films small
(about 1+2 nm). When the optical axes of the grains (fast
or slow) are directed along the polarization vector of the
exciting light, we can obtain some minimum or maxi-
mum of intensity in the light passed through polarizer
and film. In this work it was shown that those dye mo-
lecules that are oriented perpendicular to the plane of
light polarization absorb light more intensively.

Conclusions

1. It is shown that pyrosolyne dye films can be used as
recording media in optical compact disks because the
structure of the dye is not destroyed after the deposi-
tion process.

2. The vacuum evaporation process in comparison with
spin-coating technique is more appropriate for recording
film deposition because it provides media with higher
absorption index in the region of information record-
ing (200-600 nm). The power margin of the evaporated
disk is much wider than that of the spin-coated disk.

3. The dye films have disordered structure and demonstrate
anisotropic optical properties, which strongly influence
on recording process.
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