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21, Introduction
Insulator films with zood dielectric and interface properties on GaAs surface
are requested for surface passivation of GaAs devices, gate insulators of Gads

(1)

WI5 devices and also planar technolozy in GaAs IC process. Thermal oxidation,

(2)

anodic oxidation in electrolyte are commonly used for forminz insulators on
Gahs. Here we report a new low temperature oxidation process, that is, anodic
oxidation in oxygen plasma.
§2. Experimental

The schematic diagram of the plasma anodization apparatus is illustrated in

12 cm—}

Fig. 1. The oxygen plasma (e2lectron density ~ 10 » gas temperature

21000 °C) is produced by hizh frequency (420XHz) electrodeless discharze in
oxygen, whose pressure is about 0.1 - 0.4 Torr. Gahs wafer (mechano-chemically
polished), to be oxidized, was etched by the mixture of H3P0u’ HZOQ;THZG whose
volume ratio was 7 13 :50, and was mounted on a quartz plate located below the
center of the oxyzen plasma at a distance of 10 cm at least in order to keep
sample temperature below 200°C. The chip temperature in terms of the wafer
positioﬁ from the plasma generating region is illustrated in Fig. 2. The sample
was biased at 10 - 200 V positive with respect to the plasma with a pair of Pt
electrodes. Anodization can be done in either a constant-voltage or a constant-
current mode.

§3. Results

These oxide films are easily dissolved in HC1 or NaOH, uniform and glassy,
and the thickness was measured by Tolansky method.

In the constant-voltage mode, the oxide film thickness is saturated after
about one minute as shown in Fig. 3, and the sample current decreases with time.
The saturated oxide thickness is approximately linear with the bias voltage, as
far as for low voltages, and this slope is ahout 42 K/V as shown in Fiz. 4,

When the bias voltaze is higher than 60 V, the oxide film locally breaks down
and the oxide thickness is not saturated with oxidation time, and becomes non-
uniform. The oxidation rate and the saturated thickness depend on doping level
and surfuace orientafipn of samples, plasma conditions and positions of samples.

In the constant-current mode, the oxide flim thickness is approximately in

proportion to the oxidation time as shown in Fig. 5. The oxidation rate is



about 9 3/5 when current density is about 8 mA/cmz, and current effiéiency is
about 10%.

Electrical properties of these oxide films were evaluated by I-V, C-V, 3=V
characteristics of #03 structures. The resistivity and breakdown field strength

are higher bthan 10125?_ cm and 106

V¥/cm, respectively. Iypical C-V and 4=V curves
are shown in Fig. 6. These show the injection-type hysteresis and large fre-
quency dispersion of accumulation capacitance.

§L4. Conclusion

Anodic oxidation of SaAs in oxyzen plasma has been carried out even at the
room temperature and results a glassy film with uniform thickness over the whole
chip.

Electrical properties of the film measured by M0S technique is still to be
improved, but this technique is gquite useful for forming an insulator film on
JalAs surface.
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Fig.2. Chip temperature after lwo minutes vs. Fig.3. Oxide thickness vs. oxidation time

pasition from center of plasma. In constant voltage mode.
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Fig,1. Schematic diagram of plasma anodization
apparatus.
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