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Physical vapor deposition is a widely used technique for deposition of both metallic and 

compound thin films [1]. Despite important progresses in the understanding of elementary 
processes governing the deposition process, the detailed description of the sputtered species, 
especially in the intermediate pressure regime, is still challenging. Non invasive diagnostics such 
as optical ones are highly suitable, laser absorption spectroscopy and laser induced fluorescence 
being both of great interest, especially in the context of new laser diodes availability in the blue 
wavelength range [2].  

We used a tunable single-mode laser diode system (Toptica DL 100), which permitted to 
linearly tune the wavelength around 398.289 nm corresponding to Ti resonant transition 3d24s2 - 
3d2(3F)4s4p(1P°). The DLIF (Diode Laser Induced Fluorescence) was detected on the transition 
3d2(3F)4s4p(1P°) - 3d3(4F)4s emitted at 736.61 nm. Using these two transitions, we were able to 
investigate the ground state of sputtered Ti atoms, by both TDLAS (Tunable Diode Laser 
Absorption Spectroscopy) and DLIF profiles [3]. The laser beam is separated with a beam 
splitter. One beam crosses the plasma for TDLAS and DLIF measurements while the other one 
goes through a Fabry-Pérot interferometer to calibrate the wavelength scale (Δλ=λ0-λlaser).  
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Fig. 1: Experimental setup arrangement for 

TDLAS and DLIF measurements. 
Fig. 2: Typical TDLAS signal at a distance z=10 mm 
from Ti target surface and corresponding Gaussian 

fits. The discharge current is 1A and pressure is (a) 4 
Pa, and (b) 0.4 Pa. 

The magnetron geometry is a planar circular one which forms a toroidal plasma in front 
of the target and gives a circular sputtered profile. A transversal section is presented in Figure 1, 
with the form of the eroded target, the position of laser beam and detection optics. The laser 
beam was parallel to the target surface, passing through the magnetron symmetry axis named z 



in the figure. Measurements on neutral titanium atoms reported here were performed at a 
distance z=10 mm from the target surface. The laser diode provides a very thin line width of 
about 10 MHz, and the entire Doppler broadened profile of the absorption line can be scanned. 
A typical TDLAS profile is shown on Figure 2(a), for a 4 Pa pressure and 1 A discharge current. 
In this case the TDLAS profile can be approximated with only one Gaussian function 
corresponding to Ti atoms thermalized by collisions with the argon buffer gas. At a lower 
pressure of 0.4 Pa (Figure 2(b)), we clearly see that the TDLAS profile can no longer be 
approximated with only one Gaussian profile and a second Gaussian component has to be 
considered [4]. The second one represents the velocity distribution of the energetic ejected 
particles which remain almost ballistic atoms. Although we know that the energetic atoms 
distribution is anisotropic, due to the system symmetry and the fact that the absorption signal is 
integrated over the whole laser path, the second TDLAS distribution is symmetric too. 

DLIF measurements were performed, in order to obtain spatial resolution, by following 
the 736.61 nm emission line at various radial positions. In Figure 3, two significant fluorescence 
signals are plotted with the wavelength scale changed in a velocity scale by using the Doppler 
shift formula v//=c×Δλ/λ. One clearly sees that the energetic atoms distribution is no longer 
symmetric. The two Gaussian fit procedure gives the contribution of thermalized atoms centered 
at Δλ=λ0-λlaser=0, and the contribution of energetic ejected atoms corresponding to each 
investigated position (z, r/R), r/R being the normalized radial position. In Figure 3(a), 
corresponding to DLIF measurement at r/R=0.3, the majority of the energetic atoms velocity 
projection (with respect to the laser beam pathway parallel to the target) is oriented towards the 
centre of the target (v//<0). In Figure 3(b), performed at r/R=0.86, this velocity projection goes 
towards the exterior of the target (towards the reactor wall).  
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Fig. 3. Typical DLIF signals at z=10 mm from the target surface at a pressure of 0.4 Pa, for (a) r/R=0.3 
and (b) r/R=0.86. Discharge current is fixed at 1A. 

 

 
In conclusion, we can say that the laser based diagnostics may be very useful for the 

understanding of the kinetics of particles in a sputtering device. The TDLAS technique is 
interesting for investigating homogenous distributions in terms of temperature and density, 
particularly at relatively high pressures and near the substrate. The DLIF provides local 
information even for non homogenous regions of the discharge, as the vicinity of the target and 
at low pressure. In this way both fundamental studies regarding the velocity distribution profile 
of sputtered particles and applicative questions regarding the deposited layer can be approached. 
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