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= BCL/H./Ar ICP (Inductively Coupled Plasma) & o]-&& GaN <] 2444l lojA] THHFEo] Azt T4 |
L odarg BAely HAZAL E&sidn. A7 AR JA&sel SHLAE 33 ICP AY, bias Wt} BCL 249 7
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Abstract The reactive ion etching process of GaN using BCl,/H./ Ar high density inductively coupled plasma was in-
vestigated. Results showed that both of the etch rate and the sidewall verticality significantly increased as the ICP
power, bias voltage, and the BCl; ratio were increased and as the chamber pressure was decreased. The surface
smoothness significantly improved as the bias voltage were increased whereas effects of the other variables were mini-
mal. The maximum etch rate of about 175nm/min was obtained at the condition of ICP power 900W, bias voltage
400V, 4mTorr, and 60% BCls, which resulted in reasonably smooth etched surfaces. Etch residues were observed in the
case of samples etched at the low bias conditions, which were proposed to be as the GaCl. compounds.
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g} (ICP, inductively coupled plasma) #x|&= o)l ¢ o} FapbAd 7]-“.‘5“]73 (SEM, scanning electron microsco-
o} 2R EYQ Ao 75k, Aot Aol py) 9k AFM (atomic force microscopy) & ©]&-8ke Az}

— 179 —



180

£, FYrIEr], BWHAAY] S9 AZAEAHS, AES
(Auger electron spectroscopy) & A&l o ods
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Fig. 1. Effect of various process variables (ICP power, bias voltage, operting pressure, BCl, concentration, and operating tempera-
ture) on the etch characteristics (etch rate, surface, roughness, and mesa angle).
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Fig. 2. (a) cross-sectional SEM micrograph, and (b) three di-
mensional AFM surface image of a GaN mesa etched at 700W-
300V -4mTorr-60%BCli- room temperature.

(2" 24 FAEZE FAD ) 9 rms FH =
Ao 2 ARHY, AAZE B HYukes }% she o) Wil
o uje} ZA HaEsA] e-S & F Uk

23 [j~ 118 7T00W-300V -4mTorr- A& 224 7]
A & BClL 8¢ 30, 40, 50, 60% & 7}l ulz} o}
elibe g3k o 24 BCl, o] F7hgol getd AldEe s
A 7t &Y PARE FUHEE, IEgsEE o7 3
A8t Aol #AH I8 Im~loxw 700W-200V-
4mTorr-509%BCl; ZZ 4] 50, 100, 150, 200CE A&

S5 RS 9 vehbs %o R AztEse 9
FAZE U7t FriE TdeEse okt Brislde
U HAHe g I ofsfg u]x| A st}

ICP &2} BCl #&0] 3715l ae} Azt 57} 571
s A& BCl/H/Ar Eetzmt W] Cl gojd o}
Z718t7] WEo|x, bias H& FrHAIAE AS AdEsEs)
Z7ste AL Al digt o] &9 Fu|7} F7)
slo] BejAel 2RV} A A7) WFo & o] o]u] o
2] T 231 wle} dXss Aot 'O ICP Y
o] ofgFo] Ao g e AL ICP AHe| F7lgted w
g} Zel=u} Yol Cl°, BCL-, BCIY, Ar ~ & oy 222t
7+ 9l o] 28 At ol o] WAL= rhke] HY o]
o] t}& rjzt B o] 2ES ¥ A (scavenge), HCIS ¥ A
3o 24 A7} 2t -g AFHAT) 7] dE o2 ALE e

Zé%b’ﬁol 7ol wet AlZExel £ARrL HA 3

2 A7|A &4 7pAq BCLY o] UWErt 7+

o, l 259 FE35r) FUeka, o ujet A8 &

= o] FEAUA7} Aast SEUNT

Ho® Alubal ] 7] wgol] A4 s o A E 7
AA17]17] BFe 2 By vl gJr}!Y

H Z7lol o} ¥R er) Fo1sle 2L InP

iy

Cla/Hz/AI‘ %57‘-3?@'

EehzobE ol 4% GaN A4 Mzhel BE A7 181

Fig. 3. Cross-sectional SEM micrographs of a mesa etched at
800W-5mTorr -60%BCl;- 10min. The bias voltage is (a) 200V,
(b) 100V, and (c) 300V. The arrow indicated the surface
residues.
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Fig. 4. AES spectra of the GaN surface nearby the etched mesa
shown in Fig. 3a, (a) after etching and (c) before etching. (b) is
a magnified spectrum of the Cl peak area (130~200eV) of the
spectrum shown in (a).
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Fig. 5. (a) a cross-sectional SEM micrograph of a mesa etched
at an optimum condition of 900W-400V-4mTorr-60%-10min
and (b) a 3D AFM image of the nearby surface.
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