Sidewall passivation of GaAs in BCl3 -containing atmospheres
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The sidewall passivation of GaAs in atmospheres containing the chain-building molecule BCl3 has
been investigated employing Auger electron spectroscopy and time-of-flight secondary ion mass
spectrometry. It could be proven that the film that protects the sidewalls from further chemical
attack is composed mainly of ~B2Cl4 ) ` rather than polymers of B2O3 . © 2001 American Vacuum
Society. @DOI: 10.1116/1.1347045#

I. INTRODUCTION
For etching Ga-containing III/V semiconductors, two
main branches have been evolved to be very successful:
~1! Ar/Cl2 /CH4 /H2 with various contents between the two
borderline cases CH4 /H2 for InP and InGaAs ~Ref. 1!
and Ar/Cl2 for GaN ~Ref. 2! and
~2! BCl3 /Ar or SiCl4 /Ar.
The four-gas process with Ar/Cl2 /CH4 /H2 was applied for
the first time by Vodjdani and Parrens3 to etch GaAs in a low
density, capacitively coupled plasma ~CCP!. Shul et al.
could show that it can also be used in high density plasmas
@inductively coupled plasma or electron cyclotron resonance
~ECR!# in various compositions.4 The second process was
extensively investigated by Pearton et al.5 We found that
with the second process, extremely smooth side walls are
possible ~cf. Fig. 4!.6,7 The etch rate can be enlarged tremendously by adding some chlorine to the boron trichloride. As
BCl3 is the prototype of a Lewis acid, i.e., an extremely
electron deficient compound, the reaction
e2

1
BCl3* 1Cl2 ——→ BCl2
4 1Cl ,

~1!

where the asterisk * denotes excited species, due to the long
residence times t of excited particles between 0.1 and 2 s
should be probable ~cf. Table I!. Hence, by doping BCl3 to a
Cl2 atmosphere, reactive species should be created which
should lead to an even higher etch rate than in pure chlorine.8
These etch rates of more than 1 m m/min across a wafer of 2
in. allow us to carve very high structures in the semiconductor @more than 100 m m, cf. Fig. 3#.8 Their sidewalls can be
investigated for remnants of the etchant or reaction products
in order to determine what causes sidewall passivation and
anisotropy.
II. EXPERIMENT
A. General

Experimental conditions are listed in Table I. The samples
were 1 1/2 in. wafers for GaN, GaP, and GaAs/AlGaAs.
a!
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Before processing, they were precleaned using the common
procedure using acetone, ethanol and finally HF to secure the
absence of a native oxide. Two different photoresists ~AZ
5214 and AZ 4562! were applied together with silicon nitride
to obtain protecting films in thickness between 6 and 8 m m
with rectangular sidewalls ~the trilevel technique8! using the
following procedure: ~i! spin coat of PR AZ 4562 leading to
thicknesses between 6 and 8 m m; ~ii! Si3N4 ~200 nm! rf
sputtered and structurized using ECR CF4 /O2 ~96:4!; and
~iii! ECR O2 etching of the thick PR and removal of the
Si3N4 . Besides this mask, sputtered alumina and silicon nitride masks have also been used.
B. Temperature

The electrodes in both systems are chilled to 25 °C using
semiconductor-grade i-C3H7 OH. The wafers were fixed 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. The average 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 in
the annular ECR zone!. This temperature should be the upper
limit to maintain the lateral structure fidelity.
C. Process monitoring

Process control is carried out using Inficon mass spectrometers ~Quadrex 200 and Transpector, for maintenance of
the system, residual gas analyzer ~RGA! and monitoring of
the group V elements! as well as optical emission spectroscopy using an optical multichannel analyzer system ~EG&G
and PARC! to monitor lines of group III elements.7,8 We
applied a crossed Czerny–Turner monochromator ~JerrellAsh Monospec 27! equipped with three gratings and a focal
length of 275 mm. The accuracy has been checked by the
emission lines of Al ~308.2 and 396.1 nm!, Ga ~403.3 and
417.2 nm!, and In ~410.5 and 451.1 nm!. It was better than
the wavelength range covered by one pixel array element,
i.e., 0.6 nm for the 150, and 0.08 nm for the 1200 grating
~dispersion: 3 nm/mm!. The multidiode array ~consisting of a
512 pixel silicon photodiode array! was cooled to 220 °C to
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