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In the recent years thin films produced by sputtering method have been wid
panel display, a touch panel, a hard disk, and etc. In the case of facing target spu
substrate doesn’t receive much impact by high energy particles compari
sputtering. It is possible to generate high density plasma because the γ – electr
the magnetic field in the space between targets, which leads to a high rate sputte

For analysis of sputtering condition, it is useful to monitor the electronic ex
relaxation process of sputtering gas and metal atoms by laser spectroscopy. The
Zeeman effect taken into consideration will also clarify the sputtering dynam
analysis of Ar I in the sputtering plasma commonly used. 

By observing the Zeeman splitting of Ar I the effective magnetic field in the s
has been determined at first. The concentration ratio of atom in the exite
thermodynamic temperature are possibly determined from the Doppler limited
intensities. 

The experimental setup is shown in Fig. 1. The system has two opposite targe
other and NbFeB (1T) magnet makes a static magnetic field of about 500 G b
target source of titanium is 50mm in diameter with an interval of 80mm. The g
chamber is controlled by a mass flow controller (Tylan Gneral FC-260) in the r
10-3 Torr. The background pressure is below around 10-6 Torr. 

   
   Fig. 1 Schematic experimental arrangement for saturation spectroscopy 
 

A CW Ti:sapphire ring Laser (coherent 899-21) pumped by YAG laser (coh
used for laser source. The laser frequency is measured using a wavelength me
1500). A confocal Fabry-Perot interferometer of 25cm is used for the fine frequ
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In order to improve the signal-to-noise ratio, laser beams, which composed of two 
counterpropagating beams, are travelled two round trips through the sputtering cell. The effective 
absorption length is 200mm. The power of the pump beam and that of the probe are 2mW and 
0.2mW, respectively. The polarization of the both beams is parallel to the magnetic field. A wave 
length modulation method is used to detect the Doppler free signal and weaker lines.  
The observed 5 transitions of 4S’→4P’ and 4S→4P are listed in Table 1. Fig.2(a) and (b) show 

the saturated absorption lines of the 4S[3/2]1→4P[3/2]1 and the 4S[3/2]2→4P[5/2]3, respectively. 
The traces at the top are the video signals and those at the bottom are the 2nd derivative signals. 
The effective magnetic field Heff is calculated to be 447±3 G from the shifts listed in Table1 and 
the g-factors given in ref. 1. The details of the analysis will be presented at the Poster Session. 
 

Table 1  Observed transitions and the Zeeman shifts (//-field). 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

MJ ∆νzeeman Heff

[cm-1] [MHz] [G]
4S'[1/2]0 → 4P'[3/2]1 12578.0434 - 0.0 -

-1→-1 355.4
1→1 -358.5

-1→-1 177.0
0→0 0.0
1→1 -173.3

-2→-2 204.2
-1→-1 93.2
0→0 0.0
1→1 -104.9
2→2 -216.7

-2→-2 493.0
-1→-1 -
1→1 -
2→2 -494.1

4P[5/2]2

4S[3/2]2 → 4P[5/2]3

450.6

446.7

-

447.4

4S[3/2]1 → 4P[3/2]1

4S[3/2]1

4S[3/2]2 → 4P[5/2]2

Transition & Wave number[2]

12336.6620

11866.6722

12318.9996

12473.5100

→

 

Fig.  2 Doppler limited and saturated absorption signals of 4S[3/2]1→4P[3/2]1 and 4S[3/2] → 4P[5/2]3. 
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