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Photoelectrochemical Etching Technology for Gallium Nitride Crystals
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X1 Schematics of the photoelectrochemical (PEC) etching.”



2GaN(s) + 6h* — 2Ga’** + Na(g) Mm
2Ga’* + 60OH — Ga203 + 3Hzo(1) (2)
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2H,O() + 2e¢ — 20H + Ha(g) (3)
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B2 SEM images of PEC-etched GaN with cylinder, cavity, trench, and “SCIOCS” logo patterns.”
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X3 Schematic illustration of the experimental setup for electrodeless PEC etching using K,S,O, containing solution under UVC illumination™
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K4 Transmittance of K,S,Os (aq.) at various concentrations: O (water),
0.01, 0.02, 0.04, 0.06, 0.08, and 0.10 M. A 10 mm path-cell length was
used. The solid lines correspond to experimental data. The dashed
lines correspond to the fitting results, which are based on Eg. (5) with
parameters from Table 1.
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CIT W BRRRAICH T 2RMEE. ald. H4DT—5
AEROBBEARS=1 cMTH Do TAvTA VT INTA—=ID
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%1 Transmittance fitting parameters of the 0.01-0.1 M K,S,0; (aq.).””

K5S5,05 (aq.) (mol 1

0.01 0.02 0.04 0.06 0.08 0.10
A (nm) 231.1 241.6 251.7 259.1 263.4 267.6
b (nm) 16.3 17.3 18.5 19.2 19.5 20.0
*p =92.36%. %*a =1 (cm).
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BI5 AFM images of electrodeless PEC-etched GaN surface under UVC
irradiation conditions for 98 nm etching depth™
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B6 Correlation between pH value of solution and illumination time of
UVC light. Dashed lines indicate theoretical curves obtained with the
H™ ion production rate of 1.54X10* M/min '*
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7 Etching depth plotted as a function of etching time using
H:PO,-based solution and KOH-based solution'
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K8 Schematics of the experimental setup for the
thermal-assisted contactless photoelectrochemical (CL-
PEC) etching.”
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X9 Relationship between the pH and the temperature in
the 1:1 mixed solutions of 0.01 M KOH (ag.) and 0.05 M
K:S,0s (@q.). The inset represents the elevating temperature
curve and the pH against time."”
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10 Relationship between the etching rate and the electrolyte temperature. The electrolyte concentration of 0.025 M and 0.25 M (NH.,),S.0s
(aq.), respectively. The broken lines represent the eye guides of the sulfate radicals (SO, ") produced from $,0,* ions by heat or UVC."”
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BJ11 Fully-automated PEC etching apparatus
(SANMEI Co., Ltd., PEC-6)."
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