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Thq interest in investigation of laser rnduced damages on the solid surface ap­
peared as a consequence of a very frequent use of lasers in industry. The interaction bet­
ween the laser beam and the surface includes many physical processes and results in crea­
tion of damage on the surface, which depends on the beam characteristics and the para­
meters of the material /1 /. 

In this work, the effects of the interaction of the laser beam with thin Ti films 
deposited on glass substrate were investigated. The subjects of investigation were the da­
mage character and morphological changes on the surface. In respect to this, the damage 
threshold, the shape and the dimensions of the damage were investigated and evaluated. 
SEM analysis and the prof ilo.meter were used and the obtained results compared. 

EXPER IMENTA L  

The realisation of thin T i  film-glass substrate system, the investigation of its 
parameters and the characterization of changes induced by the laser beam were perfor­
med by means of techniques which enabled a good defining of the thin filmsubstrate pa­
rameters as well as the phenomena occ1.,1ring during the interaction process. 

Thin Ti films were deposited by rf sputtering technique on glass substrates with 
the deposition rate of 0.1 nm/s-0.2 nm/s. The obtained thicknesses in the range 22 nm 
to 2200 nm were finally controlled by the profilometer (Talystep). The damage on the 
investigated films was induced by a point-focused YAG:Nd laser radiation in the energy 
density range of 2x103 W/cm2 -9.1x104 W/cm2 • 

For investigation and characterisation of changes which occur on the film sur­
face SEM analysis and profilometer were used, which enabled the investigation and eva­
luation of the damage threshold, surface changes in the damaged zone, the size, the sha­
pe and the profile of the induced damage /2/. 
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RESULTS AND DISCUSSION 

The investigation of changes induced during the interaction of laser radiation 
with the thin Ti film have shown their strongly dependence on the applied energy density 
and the parameters which define the film (thickness, substrate): The lowest energy, which 
creates a detectable damage on the surface, defined as the damage threshold was evalua­
ted for all the investigated thicknesses. The results given in Table 1 show that the damage 
threshold is a linear function of thickness /3/. 

Table 1. The damage threshold for Ti films deposited on glass a function of the film 
thickness (df).

110 
700 

2200 

3.236x10a 

3.292x103 

3.347x103 

For energies above the threshold, due to the matterial melting and its retreating 
toward the periphery of the damaged area, the damage becomes noticably, as shown in 
Fig. 1. Very regular in shape, the damage has a form of a crater svrronded by ringlike 
swells originated by the molten materi�I and gathered on the rim. 

Fig. 1. 
The melting effects and the characteristic shape of the damage 
a. df = 700 nm, b. df = 2200 nm; E = 9.1x104 W/cm2 

The crater like damages are formed at energies about E � 3.6x 103 W / cm2 • The 
with of the damaged zone, the width of the craters as well as the width of the rihglike 
swells on the periphery depend on the laser energy density and the film thickness, too 
/3/. The quantitative value, obtained by SEM are given as functions of the energy den­
sity and the thickness in Table 2 and show a linear dependence on the both parameters. 
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Table 2. The width of the damaged zone (D), the d iameter of craters (d) , and the swel ls 
with (1 ) as functions of the beam energy density and the fi lm thickness (df) .

df(nm) E(W/cm2 ) D (µm) d(µm) 1 (µm) 

9 . 1 x1 04 59.09 25,3 1 5. 1 5  
2200 4.5x1 04 34.84 1 9.4 7.5 

3.7x1 03 1 8.6 9 .9 4.5 

9. 1 x1 04 34.8 26.51 4.5 
700 4.5x1 04 27.27 18 . 18  3.0 

2 . 1 x1 04 24.2 1 2. 1 2  1 .8 

4.5x1 04 27.27 23.2 
1 1 0 3.7x1 03 22.2 1 8.68 

By retreati ng of the molten material ,  the glass substrate becomes exposed to 
the beam. The damage on glass apears at energies E = 3.45x1 03 W/cm2 , which can be ta­
ken as the threshold value. M icrocracks and an induced microrelief on the glass surface 
becomes visible. 

The comparison of measurements of the investigated parameters performed by 
SEM and the profi lometer is shown in  Table 3. 

Table  3� The comparison of the results obtained by SEM and the profi lometer. The nota­
tion is the same as in Table 2 .  

SEM Prof i lometer 
E(W/cm2 ) di nm) D(µm) d(µm) D (µm) d(µm) 

9. 1 x 1 04 2200 59.09 25.03 55.0 20,0 
700 34.8 26.51 41 .0 23.0 

5.6x 1 04 2200 39.3 24.2 - -
700 - - 34.0 22.0 

�. 
4.5x1 04 2200 34.84 1 9.4 42.5 1 7 .0 

700 27.27 1 8. 1 8  35.5 23.5 

2. 1 x104 2200 20.75 1 5.5 27 .0 1 0.0 
700 24.2 1 2. 1 2  31 .5 19.5 

3.7x1 03 2200 1 8.6 9.9 25,0 5.5 
700 - - 25.0 5.0 

The quantitative va lues . obta ined by the profifometer are in good agreement 
with the results evaluated from the m icrographs. 
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CONCLUSION

The investigation of the development of the damage induced by the laser beam 
on thin Ti films deposited on glass led us to following conclusions: 

1. Thin film thickness and the applied laser beam energy density are the two
very important parameters which influence the degree of damaging. 

2. The damage threshold is dependent on the film thickness and this dependen­
ce is linear. 

3. At higher energies the melting process is very expresed, the molten material
expanded towards the periphery of the damaged zone forming ringlike swells which sur­
round the affected area. The shape of the damage is very regular and gated film thicknes­
ses. The size of the damaged zone, the diameters of the craters and the widths of the swell 
regions are linear functions of the film thickness and the laser energy. 

4. The comparison of quantitative values of the examinated parameters obtai­
ned by SEM and the profilometer show a good agreement of those both results. 
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