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In this work, the origin of surface states on the diamond surface was explored in detail by means of various
metal-insulator-semiconductor (MIS) structures. According to the results, it was found that oxygen adsorp-
tion on the diamond surface produced a number of surface states on the diamond surface, and their distribu-
tions were strongly dependent on to what extent the diamond surface was exposed to oxygen ambient. The C—
V characteristics and surface state density distributions revealed that a number of surface states (from~10%
to~10",/ (cif » €V )) exist near the valence band edge of oxidized diamond surfaces. The surface state density
was significantly reduced by suppression of oxygen contamination on the diamond surface during the device proc-
ess (reduced-oxygen process) ,and therefore, electrical performance of MISFETSs significantly improved with
the reduction of oxygen contamination on the diamond surface.

Diamond MIS structures were fabricated by using various fluoride gate insulator films to obtain further sta-
bilized diamond MIS interface, as well as to investigate the electrical stabilization mechanism of diamond MIS
interface. A detailed examination of their electrical properties indicated that the insulator films including Ba
atom significantly improve the electrical stability of the diamond MIS interfaces. The Al”BaF. i-diamond or
the Al /" (Baw Caos) Fu/i-diamond MIS structure exhibited outstanding electrical properties (very low surface
state densities as well as efficient electrical modulation of the surface band). This result was explained by a
strong chemical reaction of the constituent Ba atom with oxygen : the constituent Ba atom in the insulator elimi-
nated the oxygen adsorbed on the diamond surface via a strong chemical reaction with the oxygen during film
deposition, and electrical stability of the diamond surface was obtained by the reduction of the adsorbed oxy-
gen. These results indicate that a fluoride gate insulator including Ba atom will serve as a useful one for appli-
cation to diamond MIS devices.

Ultrahigh vacuum (UHV) technology was also employed to prevent residual oxygen adsorption on the dia-
mond surface during device process, and a diamond MISFET was prepared by reduced-oxygen process including
UHYV technology. In this case, the annealing was performed in the UHV chamber (~10~° Torr) for an ohmic con-

tact between electrode and diamond surface, and the electrical properties of the MISFET were examined in
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detail. According to the results, the MISFET showed a marked improvement in its electrical properties as com-
pared with conventional diamond FETs. The surface state density in the device operation region was ~10°,/
(et « eV), which is comparable to that of conventional Si MOS interfaces. In addition, an effective mobility
(o) of 400ct,/ Vs was obtained at room temperature, which is the highest value obtained until now in the dia-

mond FET at room temperature
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