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offset amount d2 of the other 4b of the target materials is set taking into 

consideration the film thickness distribution when a magnesium oxide film is 

formed on the substrate W.  Further, the so-called T-S distance d3 between 

the lower surface at the time of non-use of both the target materials 4a, 4b 

and the substrate W is set to a range between 40 mm - 150 mm.  If the T-S 

distance d3 is above 150 mm, magnesium oxide film of good crystallinity 

cannot be obtained.  The lower limit of the T-S distance d3 is set by 

considering securing the space for electric discharging, by considering the 

space for moving the shielding plate 73 of the shielding means 7a, 7b (to be 

described hereinafter), by considering the space for transferring the 

substrate W, and the like.  It can be set, e.g., to the above-mentioned 

distance of 40 mm. 

[0016]      Both the target materials 4a, 4b are coupled, via a bonding 

material (not illustrated) such as indium, zinc, etc., to a backing plate 41 

made of copper which is for cooling the target materials 4a, 4b at the time of 

film forming.  In this state, the lower surfaces of both the target materials 

4a, 4b at the time of non-use are fixed to the upper portion of the vacuum 

chamber 1 via an insulating plate I such that the lower surfaces at the time 

of non-use of both the target materials 4a, 4b are positioned on the same 

plane that is parallel with the substrate W.  Above both the target materials 

4a, 4b there are respectively disposed magnet units 5, 5 so as to generate 

tunnel-like leakage magnetic fields (not illustrated) in a lower space of the 

target 2.  In this case, since the magnet units 5, 5 of a known configuration 

can be used, detailed description thereof is omitted.  However, it is 

preferable to set the magnetic field strength of the horizontal component of 

the magnetic field at the lower surface (sputtering surface) of the target 

materials 4a, 4b to fall within a range of 1000G - 4000G.  Both the target 

materials 4a, 4b have connected thereto an output from the HF power 

sources E1, E1 of a known construction, as sputtering power sources so that, 

at the time of sputtering, power of a predetermined frequency (e.g., 13.56 
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as to keep the in-plane film thickness distribution of the substrate to be 1σ< 

1% if the distance d2 is set within a range of 165 mm - 200 mm.  Further, it 

has been confirmed that the in-plane film thickness distribution of the 

substrate can be adjusted to 1σ< 0.5% if the distance d2 is set within a range 

of 170 mm - 180 mm. 

[0023]      Next, in Experiment 2, after having formed CoFeB to a film 

thickness of 1.0 nm on the substrate W, by using the sputtering apparatus as 

shown in FIG. 1, a magnesium oxide film was formed to the film thickness of 

0.8 nm, and further CoFeB was formed to a film thickness of 1.2 nm, and 

then a rate of change in magnetic resistance was measured.  In this case, as 

the wafer W, a silicon wafer of Φ300 mm (in diameter) was used, and target 

materials 4a, 4b ofΦ165 mm (in diameter) were used, respectively.  The 

distance d1 between the center line Ct1 of the target material 4a was fixed to 

80 mm, and the distance d2 between the center line Ct2 of the target material 

4b and the center line Cs of the substrate W was set to 180 mm.  The other 

sputtering conditions remained the same as those of Experiment 1.  Then, 

the so-called T-S distance d3 was set to a long distance of 300 mm, and to a 

short distance which is shorter than 150 mm, i.e., 1/2 of the long distance. 

[0024]      FIG. 4 is a graph showing a standardized MR ratio (rate of 

change in magnetic resistance) at the time of forming magnesium oxide film 

by varying the T-S distance.  According to this graph, it has been confirmed 

that the MR ratio can be made larger as compared with the case where the 

T-S distance was a long distance of 300 mm (corresponding to the 

conventional example), by setting the T-S distance to a short distance.  

According to this, it has been found that, by setting the T-S distance to a 

short distance, magnesium oxide film with a further improved crystallinity 

can be obtained. 

[0025]      FIG. 5 is a graph showing the trend of the film thickness 

distribution when a magnesium oxide film was formed by adjusting the 

amount of film formation to be sputtered from the target materials 4a, 4b.  








