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2 & ¥ d7dANE 38y F2AY Cl/H. S3Z0lE o]43le] n-GaN Alzbslglen Falzxn} Azpz7le] 42H8 4,
EH Y, 233 AFY &Y VA& 9%E FEE9A. Cl Fehzvle] £28 10056702 H7hgel mebA GaN 9] A7
&5 GaClL¥4ol €ad Cl 2|zt Zhkoll wief Hstgon 504 o[HZ AljtAol7l: siv FPAALE7E Ga-F Yol
N-zhoJo 2 wisjstgdet. =3k GaN4l Gas} Cl E2&0te] Clrlold] 313t uk-gol] o HA4E HZ39AE2 GaN A7 w33
OES £4¢ o]&3lo #Fsct. n-GaN 2] HE viAagke 100% Cl. Feh=rlZ A]7HA] 3X 107 Qem?2A] A24E 314 -2
n-GaN$lol ¥4% A% vAFE $2 kg eblislont ¢4 Hrlsge] F715tel wiebA F7lstqict.

Abstract In this study, n-GaN samples were etched using planar inductively coupled Cl,/H, plasmas and the effects
of plasma conditions on the etch properties, surface composition, and ohmic contact formation were investigated as a
function of gas combination. As the addition of hydrogen to the Cl, plasma increased to 100%, GaN etch rates de-
creased due to the reduction of chlorine radical density. Even though the variation of the surface composition is limited
under 50 A, the surface composition was also changed from Ga-rich to N-rich with the increased addition of hydrogen
to Cl,. Etch products by the reaction between Ga in GaN and Cl in Cl, plasma were investigated using OES analysis
during the GaN etching. The value of specific resistivity of the contact formed on the n-GaN etched using 100% Cl.
plasma was 3.1xX107°Qcm? and which was lower than that formed on the non-etched n-GaN. However, the

resistivity was increased with the increased hydrogen percent in Cl,/H..
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Fig. 1. (a) GaN etch rates as a function of CL/H. gas ratio and
substrate temperature from 3°C to 70°C and (b) ion current den-
sity and Cl radical intensity as a function of CL/H: gas ratio at
50T of substrate temperature. GaN etching was performed at
600 Watts of inductive power and -120 V of bias voltage.
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Fig. 2. SEM micrographs of oxide masked GaN etched by (a) 100% Cl: plasma and (b) 75%Cl./25%H. plasma at 600 Watts of induc-
tive power, ~ 120V of bias voltage, and 70°C of substrate temperature.
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Fig. 3. Optical emission spectra in the 100% Cl; plasma and 50%
Cl,/50%H. plasma during the GaN etching at 600Watts of in-
ductive power, - 120V of bias voltage and (a) and (c) are for 25
‘C of substrate temperature and (b) and (d) are for 70°C of sub-
strate temperature.
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Fig. 4. Relative optical emission intensities of plasma species
and etch products during the GaN etching as a function of Cl,/
H. gas ratio at 600 Watts of inductive power, -120V of bias volt-
age, and 70C of substrate temperature.
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Table 1. Boiling points of possible GaN etch products for
halogen and hydrocarbon based plasma chemistries.

Etch products Boiling point (C)
GaCh 201
GaF, ~1000
GaBr; 279
Gal, sub 345

(CHa)aGa 55.7
NCL; <71
NF; -129
NBr; na
NL explodes
NH, ~33
N, -196
(CHs3):N -33
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Fig. 5. Surface composition of non-etched GaN and the GaN
etched with Cl./H. plasmas measured by XPS as a function of
Cl./H. gas ratio before and after the thermal annealing. The
etching conditions are the same as Fig. 4.
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Fig. 6. AES depth profile of the non-etched GaN and the GaN
etched with Cl./H: plasmas (a) before and (b) after the thermal
annealing . The etching conditions are the same as Fig. 4.
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etching conditions are the same as Fig. 4.
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