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FIG. 2. Ar gas pressure dependence of perpendicular magnetic anisotopy
field H, , and in-plane squareness M, /M, .

di

Pa. The substrate-to-target distance D,_, was varied from
170 to 230 mm. The plasma with the electron temperature
from 5 to 12 eV, and the electron density from 0.6X 10° to
1.6x10° cm"3, was achieved in the above described experi-
mental condition. The deposition rate in our experiments var-
ies from 1.5 to 7.2 nm/min according to Ar gas pressure and
target to substrate distance.

The crystallographic and magnetic properties were mea-
sured using an x-ray diffractometer and a vibrating sample
magnetometer, respectively.

li. RESULTS AND DISCUSSION

At first, the Ar sputtering gas pressure dependence of
crystallographic and magnetic properties was investigated
for a substrate-to-target distance D,_, of 170 mm. As the Ar
gas pressure increased from 4X1072 to 8X1072 Pa, the

M (emulec)

Di.s =170mm
P,,=8%X10"7Pa

Thickness 90nm

Co(002) x-ray peak intensity drastically increased, and the
half-value width of the rocking curve A6y, became a half,
showing that the crystallinity and perpendicular orientation
of Co ¢ axis has been improved. The Ar gas pressure depen-
dence of perpendicular magnetic anisotropy field H,, and
in-plane squareness, Mr“/MS, are shown in Fig. 2. The

maximum H; and the minimum M r, /M were obtained at an

Ar gas pressure of 8X 1072 Pa. The maximum of perpendicu-
lar coercivity H. , and the minimum of in-plane coercivity

HC", were also achieved at Ar gas pressure of 81072 Pa.

These results show that the highly perpendicularly oriented
Co-Cr films with high perpendicular orientation and mag-
netic properties desired for high density perpendicular re-
cording have been prepared at relatively high Ar gas pressure
of 8X107% Pa using ECR sputtering.

To clarify this phenomenon, the probe diagnosis for the
ECR plasma was performed. From the V-1 characteristics, it
was found that both the floating potential of the substrate Ve,
and the plasma potential V, decrease with increasing Ar gas
pressure. Some of the Ar ions in the plasma are accelerated
by the voltage difference between V and V,, ie., V-V,
and move along the magnetic lines of force, and finally bom-
bard the substrate. It is surmised that the excessive amount of
Ar ion bombardment to the substrate at low Ar gas pressure
disturbs the crystal orientation, and consequently, the H, and
H, are low.

In the next step, optimization of the substrate-to-target
distance D,_, was performed at an Ar gas pressure of
8X1072 Pa. The D, _, was varied from 170 to 230 mm. The
Co-Cr films with half-value width of the rocking curve
A#s, less than 4° were obtained around D,_, of 170 and 230
mm. However, the in-plane M—-H hysteresis loops of the
films are different in each other as shown in Fig. 3. The
in-plane M—H loop for the film deposited at D, _, of 170 mm
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FIG. 3. M-H hysteresis loops of Co—Cr films in perpendicular direction (solid line) and in-plane direction (dashed line); (a) is for deposition at substrate-

to-target distance D,_,, of 170 mm, and (b) for deposition at D,_, of 230 mm.
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FIG. 4. Thickness dependence of Afs, and H, of Co—Cr films deposited at
optimal condition, i.e., D,_, of 230 mm and Ar gas pressure of 8X 1072 Pa.

has jump at low magnetic field as shown by the broken line.
This jump is caused by the existence of a low coercivity
initial layer in which the Co ¢ axis does not align in perpen-
dicular direction.™? In the conventional diode sputtering
methods, it is difficult to eliminate this nonoriented initial
layer unless the underlayer such as Ti and Cr are introduced.
On the other hand, for the films deposited by the ECR sput-
tering at D,_, of 230 mm, no jumps are observed as shown
by the solid line because the Ar ion bombardment during

deposition is so small that the crystallinity and crystal orien- -

tation are not disturbed.

The thickness dependence of the A6y, and H; is shown
in Fig. 4. These Co—Cr films are deposited at D,_, of 230
mm and at an Ar gas pressure of 8X1072 Pa. As the Co—Cr
thickness increases from 27 to 50 nm, the Afs, drastically
decreased and reached a near plateau value of around 3° at a
thickness of 90 nm. H, increased sharply in the thickness
range 27 to 50 nm and showed a relatively small increase
about 90 nm. Surprisingly, very small Afs, of 3.1° was ob-
tained at a thickness of 90 nm.

The thickness dependence of the perpendicular coerciv-
ity, H e, is shown in Fig. 5. The open circles are for the films

ECR sput.

s . 1 1 JESIS Ry—
0 50 100 150 200
Co-Cr Thickness (nm)

FIG. 5. Perpehdicular coercivity H, c,» @52 function of Co—Cr film thick-
ness. Open circles are for ECR sputtering deposition, and solid circles are
for magnetron diode sputtering deposition.
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deposited by the ECR sputtering condition tuned at D,_, of
230 mm and at Ar gas pressure of 8X10~2 Pa. For compari-
son, the data for the Co-Cr films prepared by magnetron
diode sputtering at the optimal sputtering condition, i.e., Ar
gas pressure of 5X107! Pa, are plotted by solid circles. In
both sputtering depositions, the same polyimide substrate
was used, and the underlayers which play a role to control
the Co crystal orientation were not introduced. Although the
films prepared by conventional magnetron sputtering needs
at least 100 nm thickness to achieve perpendicular coercivity
higher than 1000 Oe, in the ECR sputtering, only 50 nm
thickness is enough to realize 1400 Oe coercivity. This is
considered by the authors as the specific advantage of the
ECR sputtering over the diode sputtering for the Co—Cr films
for perpendicular recording.

V. CONCLUSION

The ECR sputtering deposition technique was used in
the fabrication of the Co—Cr perpendicular magnetic record-
ing media. The Co-Cr films with superior crystallinity, per-
pendicular orientation, and mag: tic properties desirable for
high density recording were achieved at a high Ar gas pres-
sure of 8X1072 Pa. The Co—Cr films deposited at a target to
a substrate distance of 230 mm showed good crystal orien-
tation (A 65 less than 4°) high perpendicular magnetic anisot-
ropy (H, higher than 4 kOe), and high perpendicular coer-
civity over 1400 Oe even when the Co~Cr thickness was as
small as about 50 nm. We conclude that the ECR sputtering
has high potential in the deposition of the Co—Cr films for
ultrahigh density recording media.
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