Reactive ion etching of GaN and GaAs: Radially uniform processes
for rectangular, smooth sidewalls
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Vertical and smooth cutting of GaN has been demonstrated applying reactive ion etching ~RIE! in
capacitively coupled plasmas using parallel-plate reactors ~common RIE! and in plasmas driven by
electron cyclotron resonance ~ECR!. The radial uniformity across 50 mm ~2 in.! is no issue in
ECR-driven plasmas and can be effectively improved in parallel-plate reactors by using shower
heads with one central hole only, provided the wafer is centrally placed. © 1999 American
Vacuum Society. @S0734-2101~99!01701-7#

I. INTRODUCTION
The development to etch process delivering surfaces with
very steep angles is mainly driven by the blue laser. For
fabrication of laser facets which demand rectangular, smooth
surfaces no wet etch process is available,1 and the dry etching techniques have not yet reached a state-of-the-art status.
Recently, chemically assisted ion beam etching ~CAIBE! has
been reported for etching GaN with rectangular angles.2 Binet et al. applied a plasma which mainly consists of chlorine
which has proved to be the best etchant for the Ga-based
III/V semiconductors.3,4 This is motivated by the fact that the
chloride Ga2 Cl6 is highly volatile. Doping the atmosphere
with methane has been avoided mainly for two reasons: ~1!
the CH4 /H2 process which is so successful in the InP/
InGaAsP system does not work well in compounds which
are dominated by gallium, and ~2! a fear of formation of
solid gallium carbide may exist.
However, it was shown that in plasmas generated by electron cyclotron resonance ~ECR!, high etch rates can be obtained for GaAs using a mixture of Ar/H2 /Cl2 /CH4 . 5 We
attribute this to the formation of so-called ‘‘sesquichlorides’’
which are two or more centered complexes having the general formula ~GaCH3 Cl2 ) n or ~Ga~CH3 ) 2 Cl!n , and in which
the Ga is surrounded in a tetrahedral environment.
Therefore, we applied these gas mixtures to molecular
beam epitaxy ~MBE! grown layers of GaN and InGaN ~used
as a blue/green-emitting active layer! not only in ECRgenerated plasmas ~ECR-RIE! but also in capacitively
coupled plasmas in a parallel-plate reactor described earlier
~CCP-RIE!.6 In the following, we report on the RIE of GaN/
InGaN layers grown on sapphire, 3–6 mm in thickness. With
GaN layers thinner than 2 m m, evaluation of the exact sidewall angle is difficult. This is mainly due to the origin of a
‘‘foot’’ created by shadowing of the mask itself. Because of
this hindrance, the ion density in the freshly etched angle
between sidewall and surface is reduced.7
The processes are monitored applying optical emission
a!
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spectroscopy ~OES! which has evolved to be the most successful tool when looking for changes in a compound where
variations of group III elements have been detected.5,8 With
OES, additional information of the species causing etching
can be obtained; and a semiquantitative analysis using actinometry is possible.9

II. EXPERIMENT
A. General

The CCP-RIE has been carried out in the parallel-plate
reactor 4000 of TechnicsPlasma, the ECR-RIE in the system
PlasmaLab 90 of Oxford Plasma Technology which is
equipped with an ASTEX microwave head using two magnets. Both the reactors have been extensively described
earlier.5,6 For experimental conditions, see Table I. If not
specified further, the samples were 1/1 2 in. wafers for GaAs/
AlGaAs ~as reference! and GaN. Before processing, they
were precleaned using the common procedure using acetone,
ethanol and finally HF to secure the absence of a native
oxide.

B. Temperature

For a process having a chemical component, the temperature of the top side of the wafer should be controlled. Therefore, in these experiments the electrodes in both systems are
chilled to 25 °C using semiconductor-grade i-C3 H7 OH.To
enlarge the contact area between the wafers and the electrode, the wafers were fixed with perfluorated pump oil atop
the transport platen which is laid down on the electrode. The
maximum temperature at the wafer surface has been measured using temperature-sensitive adhesive tapes delivered
by TESTO. Its averaged temperature ~five runs! at 0.3
W/cm2 rf power density and a bias voltage V DC of 2450 V
was 7563 °C in the CCP system and 15063 °C in the ECR
system due to the high microwave powers (600– 800 W into
the annular ECR zone!. This temperature should be the upper
limit to control the lateral structure fidelity.
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