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Thin solid films in the Co-0 system were prepared by reactive RF
sputtering and the phase relationships were established as functions
of reaction temperature and oxygen partial pressure. Electrical resis-
tivity of grain-oriented Co30, films was microstructure-sensitive and
depended on the crystallite size.

Preparation of thin solid films of metallic oxides by reactive sputtering has

1 and Samirantz) have investigated the

been a subject of various studies. Martin
reaction between sputtered particles and oxygen molecules in a plasma state, suggest-
ing that the oxide is formed in the gas phase, diffusing with energy consumption
toward a substrate, and arriving at an adsorption site on the surface of a substrate.
The effect of argon ions on the oxide formation on a metal target has also been
pointed out.3) However, there can be found only a few studies on the preparation of
films in the Co-O system. Hecqg et al.4) investigated the growth rate as a function

of oxygen partial pressure and phase compositions in the precipitated films obtained
by the direct current reactive sputtering. They proposed a reaction model for reac-
tive sputtering in the Co-O system. In the present study, thin solid films in the
Co-0 system were prepared by reactive RF sputtering varying the oxygen partial pres-
sure and the substrate temperature as main parameters for experimental conditions.
Electrical resistance was measured on the obtained films and especially the micro-
structural effect of Coj30, film on its resistivity was found.

A magnetron-type RF sputtering apparatus (Nichiden Varian, SPF-210H) was used.
Cobalt metal of 99.99% pure (Raremetallic Co. Ltd.) was employed for a target material
and soda glass or silica glass for a substrate. The distance between a target and
a substrate was fixed to be 35 mm. Substrate temperature was varied from room tem-
perature (considering natural temperature increases during sputtering, this should be
40° to 50°C) to 300°C and the mixture of argon and oxygen with various volume ratios
was introduced to the reaction chamber. Reactive sputtering was performed at the out-
put power of 150 to 300 W for 1.5 to 2 h. The thicknesses of the obtained films were
calculated from scanning electron micrographs of fracture surfaces to be 0.6 to 0.8 um.
The phases present in the films were identified and the crystallite sizes of the
preferentially oriented Co30, films were calculated from X-ray diffraction patterns.
Both volume and surface resistances were measured on some films by direct current two-

probe technique.
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Fig. 1 POZ—T diagram for the Co-O system,

Figure 1 shows the formed phases for sputtered films as functions of oxygen
partial pressure (Poz) and substrate temperature. It is seen from the figure that
rather wide regions €xist for pure cobalt metal and Co304, but that there is no or
quite a small region for pure CoO. More characteristic features can be found that
(111) planes of Coj0, are highly oriented parallel to the substrate surface at Py =
1073 Torr and an X-ray amorphous phase appears above 100°C at high Py, - The crys%al-
line phases known to exist at thermodynamic equilibrium in the Co-O system are Co,
CoO0, Co304, and C0203, and the

phase diagram is well established 0.75

for high temperature above w900°C.5)

Since a low-temperature phase dia- ®
gram is not reported, it cannot be
judged if the phases shown in Fig.1l o %
represent an equilibrium state. ~ PY

However, the phase boundaries
extrapolated from high temperature

r/um-h
»

do not coincide with solid lines Co
Co+Co0+Co,0

374
CO3O4

0 »

in Fig. 1, which indicates that the
phases present in a sputtered film

are not in a perfect equilibrium 0.00 " 2 1

state. Specifically the existence _5 4
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2

of the amorphous phase in the Co-0
system has never been reported.
In Fig. 2 is shown the growth Fig. 2 Growth rate vs. PO at room temperature.
rate vs. Py relation at room tem- 2

2
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perature. The growth rate of cobalt metal is very small because the total gas pres-
sure is low and hence the sputtering efficiency is low. As the oxygen partial pres-
sure 1is increased, the growth rate increases up to '\:lxlO—4 Torr and then decreases
rather abruptly in the P, region where a highly oriented Co,;0, film is formed.

Though the reason for the"decrease in growth rate should be subject to further investi-
gation, it may be related to the fact that (111) plane is the closest packed plane of
oxygen3ions. As PO is further increased, the growth rate increases again up to

v2x10

report on the mechanism for RF sputtering

Torr and thén decreases. This observation is consistent with the previous
6) that if the gas pressure is high, the
growth rate is low as sputtered particles are scattered by collision with gas mole-
cules before reaching the surface of a substrate.

For electrical resistance measurements cobalt metal electrodes were formed on the
film surfaces. Both volume and surface resistances were measured at room temperature
and the electrical contact between an electrode and a film was perfectly ohmic in all
cases. The results are shown in Fig. 3. Both volume and surface resistances reveal
similar dependences on Poz. The characteristic feature in Fig. 3 should Ei that both
resistances for highly orIented Co3o4 film become minimized at P02=6—8x10 Torr.
Cobalt oxide, Co304, is reported to be a nonstoichiometric compound with a small metal
ion deficiency7) and electrically a p-type semiconductor confirmed by thermoelectro-

8)

motive force measurements. However, electrical conductivity (reciprocal of resis-
tivity) for sintered polycrystalline Co30, was found to be independent of P, at 500°-
800°C.9) Hence, the decrease in resistances for grain-oriented Co304 films %annot be

explained merely by the decrease in the electron hole concentration and is considered

to be strongly related to the micro-
structural effect of films. . Co

CO+COO+CO3O4 110

: CO3O4

o: Co3O4 (111),(222)

The crystallite size for a grain-

ob»

oriented Co3O4 film was evaluated from

the half-width of (111) diffraction peak
10)

using the well-known Scherer's equation.

The results are shown in Fig. 4. The 10° f ////. °
crystallite size for the film obtained
at room temperature showed a maximum 104 L
value of about 95 nm at PO :6x10_4 Torr.
When the PO

was fixed at 8x10™% Torr
and the sub%trate temperature was 10

pv/Q-cm
w

varied, the crystallite size decreased
at higher temperatures. As shown in 10
Fig. 5, the volume resistivity for the A

film with similar thicknesses decreased 101’

as the crystallite size increased. A

Judging from the present observations lo0 R ) X

that surface resistance for the film 10™
has shown a similar dependence on P
0 log (PO /Torr)
2

to volume resistance and was quite
large compared with volume resistance, Fig. 3 Py dependences of volume resis-
the grain boundaries in polycrystalline ti%ity (pv) and surface resis-

Co50, films are thought to possess high tance (RS) at room temperature.
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Fig. 4 P02 and temperature dependences Fig. 5 Crystallite size vs. volume
of "the crystallite size for resistivity for grain-
grain-oriented Co30, films. oriented Co30, films.

resistance. If the crystallite size increases, the density of grain boundaries

decreases and thus the contribution of grain boundary resistance to the total resis-

tivity decreases. Consequently, the resistivity of a sputtered Co50, film is micro-

structure-sensitive and specifically the grain boundary effect is unambiguous.
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