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The crystallographic and magnetic properties were
measured by an X-ray diffractometer and a vibrating
sample magnetometer, respectlvely To clarify composi-
tional separation, Spin-echo ®Co nuclear—magnetnc—
resonance (NMR) was performed at 4.2 K. A scanning
electron microscope (SEM) was used to observe the surface
morphology. - A single-probe diagnosis was performed to
investigate the plasma parameters. From the V-I charac-
teristics, the plasma potential, V_, and a floating potentlal
of the substrate, V;, were estimated because the ions are
accelerated according to the voltage difference between V,
and V;,ie. V-V,.

IIL. RESULTS AND DISCUSSION

The influence of the target—to—substrate distance, Drs,
was studied at an Ar gas pressure of 8x10~ Pa. The D,
was varied from 170 to 230mm. Figure 2 shows M-H
loops of 90 nm thick Co-Cr films deposited at a D, 5 of (a)
170 mm, and (b) 230mm. Significant differences are seen
in these two loops, ie., an incredible change of the
saturation magnetization (V) and the magnetization jump
(M) in the m—plane M-H loop occurs in the weak applied
magnetxc field regmn The change of these two properties
occurs gradually in accordance with Dy_.

Measurement of the NMR frequency spectra for these
Co~-Cr films was performed. The NMR signal amplitude
centered at around 214 MHz corresponds to a Co-riched
component which is induced by compositional separation.
It was found that the compositional separatmn for the Co-
Cr film deposited at D;_g of 170 mm is more distinctive
compared with a film deposited at D, g of 230 mm. It is
concluded that the large M, for Co-Cr film deposited at
Dr.s of 170 mm originates from the hlghly separated com-
position.

Figure 3 shows the angle dependence of the coercivity.
The angle was measured from normal to the film to an
applied magnetic field. In the figure, the open and solid
symbols are for the Co-Cr films deposited at a D,_5 of 170
mm and 230mm, respectively. The broken line is the
theoretical plots corresponding to wall motion [7]. While
the Co-Cr film deposited at a Dy g of 170 mm shows a
wall motion like behavior, the Co-Cr film deposited at a
Dy_s of 230 mm shows a magnetization rotation behavior.
From the SEM agbservation, it was found that the grain
size for the 90 nm thick Co-Cr film deposited at a D g of
170 mm was 80-100 nm, which is about three times larger
than that deposited at a Dy g of 230 mm. It is surmised
that the wall motion behavior occurs in excessively
enlarged grains. '

The results of plasma diagnosis show that the ion acce-
lerating voltage, V.-V, decreases from 23 V to 17 V with
increasing target-to-substrate distance from 170 mm to
230 mm.

It was also found that not only D but also Ar gas
pressure, P,., are the factors which affect V-V,

V.-V, decreases from 47 V to 22 V with increasing P,
from 3x1072 to 9x1072 Pa. Accordingly, the Co(002) X—ray
diffraction peak intensity increased and the half-value-
width of the rocking curve, Af,, , decreased. This result
implies that the Co-Cr films with high perpendicular
orientation and good crystallinity are achieved at high Ar
gas pressure. H, and H_ also increased with increasing
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Fig. 2. M-H hysteresis loops of Co-Cr films in perpendicular
direction (solid line) and in—plane direction (dashed line).
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Fig. 3. Angular dependence of coercivity for Co-Cr films
deposited at D,_¢ of 170 mm (solid symbols) and 230 mm (open
symbols). Circles and squares are for Co-Cr with thickness of
44 nm and 180 nm, respectively.

P, , and showed maximum value at a relatively high P,,
of 8x107* Pa.

As described above, it was found the crystal growth and
magnetic properties are affected significantly by the ion
accelerating voltage, V.-V;. To prove the effect of
V.~V,, the parameter values of the 90 nm thick Co-Cr

_films are replotted against V.~V as shown in figure 4,5,6.
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Fig. 4. Ton accelerating voltage, V-V, , dependence
of half-value-width of the rocking curve, Af, .
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Fig. 6. V.~V dependence of magnetic anisotropy field, H, ,
and perpendicular coercivity, H_,
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The change of V-V, was achieved by changing P, and
Dr_s. Therefore the data in these figures has the influence
of P, as well as V~V,.

In figure 4, the Af,, decreases with decreasing V.-V, ,
showing the improvement of Co c-axis perpendicular
orientation. In figure 5, as the V.-V, decreased less than
about 20 V, the saturation magnetization, M, , and the
ratio of magnetization jump and M, , My/M, , decrease
suggesting less compositional separation and the dis-
appearance of initial layer which induced wall motion
behavior. Figure 6 shows the increase of H, and H_ with
decreasing V,-V;.

From these results, it is concluded that excessive ion
accelerating voltage over about 20 V is harmful from view
point of crystal orientation, magnetic anisotropy and
magnetization behavior. When V-V, is less than 20 V,
e.g. P, of 8x107 Pa and D, of 230 mm, Co-Cr ﬁlms
with good perpendicular crystal orientation (small Af, less
than 5 degrees), H_, higher than 1400 Oe, and H, higher
than 4 kQOe, were obtained in spite of a very small thick-
ness of 50 nm. .

IV. CONCLUSION

In ECR sputtering, it was found that the accelerating
voltage of ions which bombard the Co-Cr film surface
during deposition drastically affects the crystallographic
and magnetic properties of Co~Cr films. The 50 nm thick
Co-~Cr perpendicular media with a good preferred crystal
orientation (A8, less than 5 degrees), high perpendicular
magnetic anisotropy (H, higher than 4kOe), high perpen-
dicular coercivity (H_, over 1400 Oe) and no initial layer
were successfully deposited when the ion accelerating
voltage is less than about 20 V.

Thus, it is concluded that ECR sputtering is a sultable
method for depositing high-coercivity Co-Cr films for
preparing ultra-high density recording.
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