Kodaikanal Obs.Bull.(1991) 11, 119-123

Laser Damage Threshold studies on Ion Plated Perylene Thin Films

A.Subbarayan*, C.Balasubramanian and Sa.K.Narayandass
Department of Physics, Bharathiar University
Coimbatore 641046
*Department of Physics, Kongunadu Arts and Science College

' Coimbatore 641029

Abstract -

Perylene thin films were deposited on cleaned glass substrates by ion plating technique
in r.l.glow (10 MIilz) sustained by argon gas of pressure 0,399 Pa. Laser-induced damage
threshold of these thin films has been studied employing dye Q-switched Nd: glass laser
- emitting 25 ns pulses at 1062 nm. It is observed that the threshold increases with the decrease
in thickness of the film. Typical damaged sites caused by Lhe irradiation of the laser pulses
have been depicted. The threshold energy densities of the ion plated films for the thicknesses
150,201 and 295 nm have been found to be 25.420,10.030 and 6.398 J/em? respectively. These

results have been also compared with those of vacuum evaporated films. The possible damage
* mechanism followed in these films has been identified as impurity dominated one.
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Introduction

One of the burning problems encountered with high energy laser systems is the occurrence
of irreversible, destruction change in the optical components caused by the irradiation with a
high power laser pulse (Radhakrishnan et al. 1985). Recently a number of laser dyes have been
described with the generation of stimulated radiation due to relatively novel photochemical
mechanism (Chou et al. 1984; Acuna et al, 1986a, Acuna et al. 1986b). Perylene, a
laser dye, is a promising active laser material due to the four level flourescing system of
that molecule (Boguslavskil & Vannikov 1970). As it has exhibited lasing action { Berlman,
Rohni & Goldschmidt 1973; Sakurai 1976), it may be employed in the design of thin film dye
lasers. Now-a-days laser induced damage studies in thin films have received much attention
(Dyumaev el al, 1983; Radhakrishnan & Sathianandan 1986; Sajimol et al. 1988), This paper
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deals with the laser-damage threshold studies on jon plated perylene films, The results of the
present investigation have been compared with those of vacuum deposited (ilms (Subbarayan
el al, 198R), which we reported carlier. '

Experiment

In ion plating technique (Murayama & Takao 1977), pure perylene (99 + %, Aldrich
chemicals company, USA) was evaporated from a molybdenum boat in the presence of r.f.(10
MIIz) glow in argon (IOLAR-2) and deposited on Lo a well cleaned glass substrates. At the
time of cvaporation, the r.f. power was kept al 125 watts and the substrate holder was neg-
atively biased to about 150 volts. The pressure of argon gas inside the vacuum chamber was
maintained at about 0,399 Pa to sustain the glow discharge. The film thickuness was deter-
mined using a multiple beain interferometer (Fizeau fringes) (Tolansky 1948). The structure
of the film was identilied as amorphous by x-ray diffraction and the non-decomposition na-
ture of the film was established by IR spectroscopy and thin layer chromatography in the
way described elsewhere (Subbarayan et al. 1987).

Three stages are involved in the measurement of the laser damage threshold. The first
stage is to irradiale the sample al several llux levels, some of which induce damage; the
sccond is to measure the absolute characteristics of the pulse, and the third is to determine
which shot in the sequence caused damage, It is essential that the spatial and temporal
profile of the laser remains a constant during the entire operations since there is no way to
delermine whether an unexpected result ohtained, was due to the fluctuation in the laser or
an exceptional property of the damage sample.
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~ Figure 1. Schematic representation of laser-induced damage threshold measurement,.
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Fig. 1 depicts a scliematic diagram of the experimental set up to measure the damage
threshold (Subhash & Sathianandan 1983). The laser used in this study was a Nd: glass
laser Q-switched by Kodak 14015 dye in 1,2 dichloroethane with a pulse widih of about 25
ns {(FWHM). The beam structure was mullimode and was approximately Gaussian in profile
with a diameter of about 4mm. The laser output was passed through a biconvex lens of 17 em
focal length, onto the film sample, The sample mounted on a rotaling platform was oriented
so that the angle of incidence of the laser beam was 56° thereby avoiding the multiple beam
interference in the glass substrate. The pulse width of laser was monitored on a Tektronix
Model 466 DM storage oscilloscope with a Hewlett Packard If P, 4207 Photodiode. The
energy incident on the thin film sample was monitored by a 1 inch Scientech disc calorimeter
(Model 38-0101). '

Throughout a particular set of experimental study, the laser oulpul energy was kept
constant by maintaining a constant voltage on the capacitor bank of the flash lamyp discharge
circuit, With the present set up absolute energy measurement was not possible for cvery
damage attempt. Iowever, an energy calibralion was made before and after cach set of
damage tests. To begin with, the distance of the sample from the lens was adjusted such that
the shot impinging on the film damages it. After the film sample was pushed in the direction
indicated by the arrow mark {(Fig. 1) to enable the next shot to impinge on a site adjacent
to the previous one, The film position is thus shifted, as it moves away from the focus of
the lens the power density incident on the sample is deereased, Qnee the damage threshold
is attained, with the subsequent shots there will be no damage at all. On complotion of the
Lest run, the damaged sites examined with a metallurgical microscope (Carl Zeiss Jena FPY-
TYPE:2) and the threshold damage location was identified, Once the shot which caused
the threshold damage is identified, one can calculate the threshold energy density for the
film material by knowing the area of the site upon which the laser beam incident from the
geometrical consideralions, By wmeasuring the pulse width using CRO, the power density of
the incident laser beam can be estimaled,

Table 1. Comparison of Threshold encrgy densities for jon plated films
and vacuum deposited films for various thicknesses

Deposition Technique Thickness of the | Threshold encrgy
film density
nm . Jfem?
[on plating 150 ' 25,420
' ' 201 10.030
205 6.398
Vacuum deposition 147 19.880
204 7.170
205 - 4.971.

The threshold energy densities computed for different thicknesses of the ion plated films
are presented and compared with those of vacuum deposited films (Subbarayan et al. 1983)in
Table 1. It is evident from the table that the threshold energy density increases in thickness
for the film prepared by both techniques and also fon plated films are found o be with higher
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damage thresholds than the vacuum deposited ones.

For dielectric filins (Lowdermulk et al. 1980; Walker et al. 1979), it has been reported
that the threshold increases with absorptance and decreases with increase in film thickness
(Walker, 1979). As the most noticeable feature, unique to the impurity model is the prediction
of an increase in damage threshold with a decrease in film thickness, the mechanism followed
in this film material may be an impurity dominated one. In this model a spherical absorbing
particle embedded in a host material is considered. This impurity absorbs the incident
radiation and its temperature rises, which ultimately results in melting, vapourization or
stress [racture of the film material around the impurity. lence it is quite reasonable thal
the maximum size of an impurity is limited by the film thickness, i.c. as the film thickness
increases as does the impurity size, Ilence the threshold encrgy density increases wilh decrease
in film thickness.

The higher damage thresholds of ion plated films than those of vacuum deposited films
may be altributed to the improved adhesion of films during jon plating process. Simitar
trends of damage threshold dependence on adhesence of the films has been observed earlier
(Radhakrishnan & Sathianandan, 1986; Radhakrishnan, 1986).
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