Lattice damage in III/V compound semiconductors caused by dry etching
M. Heinbach
Technical University Munich, D-80290 Munich, Germany

J. Kaindl
Fachhochschule Munich, D-80335 Munich, Germany

G. Franz
Siemens Research Laboratories, D-81730 Munich, Germany

~Received 10 April 1995; accepted for publication 25 July 1995!
The crystal damage in optoelectronic devices caused by dry etching methods @ion beam etching,
reactive ion etching, etching with plasmas excited by electron cyclotron resonance ~ECR!# was
evaluated. The analytics applied are photoluminescence and Fabry-Perot damping measurement
which were applied to waveguides. A significant improvement is observed using ECR etching as
low damage combined with high etching rates is concerned. To evaluate a method as soft or hard
etching, Fabry-Perot damping measurement has emerged to be the most discriminate and decisive
tool. © 1995 American Institute of Physics.

In III/V circuit technology, dry etching is common to
define highly anisotropic patterns. This is achieved by acceleration of ion beams onto a sample in ion beam etching
~IBE! or by application of a self-bias V DC in capacitivelycoupled RF discharges ~ion etching, RIE!. In both cases, the
acceleration potential amounts to several hundred volts causing inevitably severe lattice damage: at least deterioration of
its structure which can eventually lead to a complete destruction, i.e., an amorphous surface. In the latter case trying to
reduce the acceleration across the sheath below values of less
than 350 V leads to plasma-enhanced chemical vapour
deposition.1
As it has turned out during the discussion of the last
decade, two causes for damage have to be distinguished:
simple impingement of ions leading to crystal damage and a
more subtle form by chemical reactions, especially if hydrogen is concerned. Pearton et al. have pointed out that hydrogen reacts not only with silicon but also with III/V semiconductors thereby forming either donor or acceptor
complexes2,3 or saturating dangling bonds on semiconductor
surfaces.4
Reduced ion-caused lattice damage can be achieved by
applying a combined dry/wet etching procedure or by etching with an inductively-coupled plasma at 13.56 MHz ~e.g.,
helicon wave5! or at 2.45 GHz ~ECRE, electron cyclotron
resonance etching6!. The chemical damage requires a thorough treatment after the structurization.
Our samples were InP/InGaAsP double heterostructures
grown by metalorganic vapor phase epitaxy which are basis
structures for optical rib waveguides and switches.7 To obtain strong lateral wave guiding in the waveguide the refractive index step should be as large as possible. For straight
waveguides this can be sufficiently accomplished by wet
etching of the top layer of p-InP ~using HCl, Fig. 1a! and for
bent waveguides, needing higher lateral confinement, by
consecutive dry etching of the Q 1.05 layer ~using IBE, RIE,
or ECRE, Fig. 1b!.
We describe the analysis of these samples by the two
analytical methods scanning electron microscopy ~SEM! and
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room temperature photoluminescence ~RTPL!, and the
device-oriented Fabry-Perot damping measurement. As the
intensity of the photoluminescence signal is very sensitive to
changes of lattice composition and lattice structure, we obtain the deepness of the damage layer. Measurements of the
signal damping of 1.55 m m light in rib waveguides serve to
correlate the results obtained by RTPL.
IBE was carried out in the reactive ion beam etching
system of TechnicsPlasma ~RIBE 160! using N2 at different
ion beam voltages ~650, 325, 160 V! at 1024 Torr. Samples
were mounted with adhesive rubber to a water-cooled pallet.
RIE was performed in the parallel-plate reactor 4000 of
Technics Plasma using CH4 /H2 at 30 mTorr and 2430 V;1
ECRE in the system of Oxford Instr. ~PlasmaLab 90, ECR
source by ASTEX, Inc.!.8 The gas mixture used was
Ar/CH4 /H2 /Cl2 at V DC of 290 V. In these cases, samples
were simply laid down onto the pallet.
The deepness of the damage was measured by RTPL.
For this, a slightly simplified structure was used consisting of
a buffer layer of InP on the substrate, a Q1.3 layer ~0.5 m m
thick! and an InP cap layer ~100 – 500 nm thick!. All layers
show a low unintentional n doping. Those samples were
etched for various time leaving the other parameters constant, and analyzed using the photoluminescence signal in
the gap maximum ~1.3 m m!. Wet etched samples ~InP cap

FIG. 1. Left-hand side: Straight ridge waveguide: dry etched top layer, wet
etched InP. Right-hand side: bent wave guide: dry etched top layer, wet
etched InP, dry etched Q1.05 layer.
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