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The etching behavior of GaAs versus BCl3 /Cl2 is analyzed in a capacitively coupled plasma and a
plasma excited by electron cyclotron resonance using optical emission spectroscopy ~OES!. For
both types of discharges, the etch rate of the semiconductor can be parametrized by using the OES
signal which is corrected by actinometry. Exhibiting open surfaces between 10 and 17 cm2 ,
high-rate etching in both types of discharges is combined with very steep sidewalls and excellent
radial uniformity. © 1998 American Vacuum Society. @S0734-2101~98!58503-X#

I. INTRODUCTION
GaAs and its related compounds like AlGaAs and GaN
exhibit high etch rates in chlorine containing plasmas. This is
due to the volatility of the chlorides formed and the chemical
reactivity of molecular and atomic chlorine and its positively
1
charged ions, Cl1
2 and Cl . Since Cl easily forms negatively
charged ions, not only is the electron density reduced by
more than one order of magnitude compared to Ar discharges but the electron temperature is also significantly
lower. To compensate for this effect or to enhance the density of reactive species, high density plasmas are in common
use. In these plasmas, the electron densities are higher by
typically two orders of magnitude than in capacitively driven
parallel-plate reactors. However, by changing the plasma atmosphere, in these reactors high etch rates are also possible.
Adding a gaseous Lewis acid, i.e., an electron-deficient species, to the gas is the chemical approach. Best suited is
BCl3 ; F-containing molecules like BF3 lead to an etch stop in
AlGaAs layers and liquid BBr3 leads to problems due to the
necessity to heat the gas pipes and mass-flow controllers. An
enhancement is expected by the reaction
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~where the ! denotes excited molecules! which happens besides the heterolytic dissociation of chlorine. Although at
constant total gas flow the amount of Cl2 is reduced if BCl3
is added, in capacitively coupled discharges, the actinometrically corrected signal of excited chlorine atoms, Cl~I!, could
be shown to remain constant over a vast range of gas
compositions.1 Moreover, the growth of a band system with
a maximum at 330 nm is observed which has been assigned
by Jacksier and Barnes as dissociation of normal Cl2 mol2
1
ecules corresponding to the transition 1 P 1
g → Su .
Therefore, we first investigated whether the intensity of
an optical emission spectroscopy ~OES! signal of a volatile
compound can be correlated to the etch rate. However, the
OES signal is proportional to the occupancy of the excited
state rather than to that of the ground state and it depends on
the electron temperature and the plasma density, n 0 . As the
a!
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electrons cool down and n 0 is reduced if BCl3 is added to a
gas mixture of Cl2 /Ar, we have to apply actinometry.3 Following Coburn and Chen,3 these effects are compensated for
by adding some argon to the discharge and tracing the closelying emission lines. Since they will vary in the same manner
provided the cross section effects are small, the unknown but
equal effects are canceled out if their OES intensities are
divided.

II. EXPERIMENT
Capacitively coupled plasma ~CCP!-reactive ion etching
~RIE! has been carried out in the parallel-plate reactor 4000
of TechnicsPlasma, the electron cyclotron resonance ~ECR!RIE in the PlasmaLab 90 system of Oxford Plasma Technology which is equipped with an ASTEX microwave head that
uses two magnets.4,5 The size of the wafers was equal for the
GaAs experiments ~so-called D wafers with an area of '17
cm2 ) as well as for the GaN experiments ~1/2 2 in. with area
of '10 cm2 ). The temperature of the RF-driven bottom
electrode was maintained below 0 °C by thermostating it
with isopropanol. To improve the thermal contact, the
samples were fixed on the liner applying perfluorated oil.
The gas mixtures used were BCl3 /Ar/Cl2 .
Optimized etching conditions were typically 31 W/cm2 , resulting in DC bias voltages of approximately 2450 V ~maximum! at pressures of 3 Pa ~20 mTorr! and a total gas flow of
up to 25 sccm in the CCP case. In the ECR system, we
applied microwave powers between 400 and 800 W microwave ~mw! power, p'0.8 mTorr, total gas flow 25 sccm,
and a small DC bias ~generated by 13.56 MHz! of 250 to
2100 V to enhance the etch rates and the anisotropy.
Process control was carried out using two mass spectrometers for residual gas analysis ~RGA! as well as an optical
multichannel analyzer ~OMA! from PARC EG&G Inc. with
a holographic grating with 1200 grooves/mm and a multidetector with 512 Si diodes exhibiting a resolution of <0.1 nm.
The signal to noise ~S/N! ratio was enhanced by using a
specially design lens system which was focused toward the
center of the wafer platen.6 For parallel-plate reactors, this is
the center of the glow, whereas for ECR discharges, this is in
the downstream region.
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