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Capacitively coupled discharges of strongly reactive atmospheres containing mixtures of boron
trichloride and chlorine are investigated with optical emission spectroscopy and self-excited
electron resonance spectroscopy. This analyzes the whole area spanned by these gases and their
impact on important plasma parameters like plasma density, electron temperature, and electron
collision rate with neutrals. Using these data, roughly calculated cross sections for these gases are
obtained in the low-energy region. Molecular chlorine ions, Cl2

1 , are evidently present to a
preponderant amount as a main agent, which are accompanied by chlorine radicals, Cl~I!, in
mixtures with chlorine. Absolutely no chlorine ions could be found in the plasma which referred to
the effective cooling of the Cl-containing species rather than the nonexistence of these species.
© 2000 American Vacuum Society. @S0734-2101~00!01905-9#

I. INTRODUCTION

A. Chemical aspects

The processes already published to etch GaAs and its re-
lated compounds apply to a plasma which is mainly domi-
nated by chlorine chemistry.1–4 The application of elemental
chlorine has been described as well as the use of chlorine-
containing compounds, mainly BCl3 and SiCl4 . In the latter
ambients, sufficiently high etch rates are combined with
smooth, mirror-like surface morphology. The etch rates
which are lower than in pure chlorine is explained by the
assumption that the same reactive species is created from any
parent molecule. This species is involved in the rate-limiting
process, which is bond breaking in the crystal.5 After adsorp-
tion, a bimolecular reaction between the semiconductor and
the reactive species is expected; therefore, its concentration
is of paramount importance for the etch rate:

d@GaCl?#

dt
5k@Cl-?#@GaAs# , ~1!

where Cl–? denotes the reactive species formed from the
chlorine source and GaCl? the unknown volatile GaCl prod-
uct. As the concentration of the solid GaAs remains constant
we can simplify this kinetic reaction to

d@GaCl?#

dt
5k@Cl-?# , ~2!

where k is the new reaction constant. It is obvious from a
chemical point of view that this behavior can be referred to
the higher energy of the chemical bond between B~Si! and Cl
compared to Cl itself. The homolytic or heterolytic dissocia-
tion of the parent molecule delivers a lower amount of reac-

tive species, for example chlorine radicals, Cl~I!, or posi-
tively charged chlorine molecules, Cl2

1 , compared to
elemental chlorine.

Recently, Ren et al. applied optical emission spectros-
copy ~OES! in BCl3 containing plasmas.6 As their main re-
sult, they found that in high density discharges, the etch rate
of InGaP and InP is dramatically increased when nitrogen is
added to BCl3 . This corresponds to an amplicification of
some OES lines of Cl2

1 and the corresponding appearance of
strong BN lines. This is the spectroscopic proof that BN ~or
its precursor or decay product! is generated in the plasma.
Chemically, we add an electronegative molecule (N2) to an
extremely electron-deficient compound ~BCl3). The oppo-
site, namely adding a Lewis acid to chlorine, catalytically
accelerates an electrophilic reaction, which is well-known in
organic chemistry ~Friedel–Crafts reaction!. Therefore, we
added BCl3 to Cl2 to enhance the density of reactive species,
which in turn are involved in the rate-limiting step of bond
breaking. This approach is justified by a preliminary qualita-
tive spectroscopic analysis. Cl~I! is detectable only in dis-
charges of pure chlorine, whereas the Cl2

1 can be found in
the discharges of both pure gases. If no other influences were
present except the fading of the concentration of molecular
chlorine, when we reduce its gas flow from 20 to 0 sccm and
complementarily increase the flow of boron trichloride, then
we would expect the Cl~I! line to follow the Cl2 flow lin-
early. Any deviation from this behavior is caused either by
chemical or physical influences ~Fig. 1!. The complete ex-
change from Cl2 to BCl3 has a stronger effect on the line
intensity of the inert gases than enhancing the rf power by a
factor of 4. It is evident that for constant inert gas density,
this must be caused by a reduction either of the rate coeffi-
cient ~cooling down of the plasma! and/or of the electron
density. Hence we applied this gas mixture to GaN, GaP, and
GaAs in capacitively coupled plasmas in a parallel-plate re-
actor previously described ~CCP-RIE!.9
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