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Abstract

GaN etching was performed using planar inductively coupled Cl;-based plasmas and the effects
of main process parameters on the characteristics of the plasmas and their relations to GaN etch
rates were studied. Also, the GaN etch mechanism was investigated using a Langmuir probe and
optical emission spectroscopy (OES) during the etching, and X-ray photoelectron spectroscopy
(XPS) of the etched surfaces. The GaN etch rates increased with the increase of chlorine radical
density and ion enefgy, and a vertical etch profile having the etch rate close to 4000 A /min could
be obtained. The addition of 10% Ar to Cl: gas increased the GaN etch rate and the addition of
Ar (more than 20%) and HBr generally reduced the GaN etch rate. The GaN etch rate appeared
to be more affected by the chemical reaction between Cl radicals and GaN compared to the physi-
cal sputtering itself under the sufficient ion bombardments to break GaN bonds.
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Fig. 2. {a) GaN etch rates as a function of Cy/Ar
gas ratio and substrate temperature from 3
to 50C and (b) 1on current density and Cl
radical intensity as a function of Ci;/Ar gas
ratio at 25°C of substrate temperature. CaN
etching was performed at 400 Watts of in-
ductive power and -120 V of bias voltage.
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Fig. 3. GaN etch rate as a function of substrate
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Fig. 6. SEM micrographs of Cr/Si0, masked GaN etched by (a) 100% O plasma, (b) 60%C./40 %Ar plasme,
and (¢) 40%C0,/60%Ar plasma at 400 Watts of inductive power, ~120V of bias voltage, and 25C of
substrate temperature.

Fig. 5. SEM micrographs of PR masked (aN etched
by 60%0,/40%HBr plasma
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Fig. 7. SEM micrographs of Cr/SIO, masked GaN etched by (a) 100% O, plasma and (b) 75%0./25 %Ar
plasma at 600 Watts of inductive power, —120V of bias voltage, and 70°C of substrate temperature.
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Fig. 8. Optical emssion spectra in the 100% .
plasma as a function of bias voltage at 600
Watts of inductive power and 25°C of sub-
strate temperature.
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