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I. INTRODUCTION

This talk will repart the latest results from a modulated ion beam study of the etching of InP by
Cl,.! In the experimental wark, pulses of rare gas ions (X* = Ar*, Kr*, Xe*) were incident on an
InP surface which also had Cl, continuously incident on it, and the modulated products were
synchronously detected with a mass spectrameter. In arder to evaluate the observed ion enhanced
chemical etching in the system (InP/Cl/X"), the chemical etching (InP/Cl,) and the physical
sputtering (InP/X*) were also examined. The results both of these ion beam studies and of the
plasma etching of InP in a Cl; plasma’? are analyzed in relation to a model where the ion
transiently heats the surface by a small amount (~ 100°C), which results in the thermodynamically
predicted desorption of material from the solid.*~” Of particular technological interest is the fact
that such a thermal pulse mechanism can result in large chemically selective enhancements over
physical sputtering.

. COMPARISON WITH CHEMICAL ETCHING

The thermodynamically predicted steady state chemical etching of InP by Cl, has been
determined for the case of an unloaded system with negligible redepcsition® These calculations
indicate that for the Cl, pressures used in this work, the surface would be saturated with InCl; up to
a temperature of 160°C, and that negligible chemical etching would occur. Above 160°C, the
surface is predicted to change to a mixed coverage of solid InCl, and P, and the gas phase products
InCl,/InCl and P, are predicted to form. The results of this thermodynamic calculation have been
confirmed in this apparatus by measuring both the chemical etch products in the mass spectrometer
and the surface coverage with an Auger spectrameter as a function of both the Cl, pressure and the
InP temperature.

The products of the ion enhanced chemical etching of room temperature InP are identical to
those formed when InP is heated in the presence of Cl, with no ion bombardment: P, and
InCl,/InCl are formed in both cases. This is consistent with the thermal pulse mechanism where
the role of the ion is to heat the surface and cause the chemical etching thermodynamically
predicted at higher temperatures to occur. In addition, the ion enhanced chemical etching has been
examined as a function of the InP sample temperature, and pronounced structure is observed in the
product signals which is correlated with the thermodynamically predicted surface coverage transition
temperature. The etch products have also been examined as a function of the Cl, pressure and all
have the identical behavior characteristic of an adsarption isotherm, in contrast to the linear Cl,
dependence observed for the chemical etching of InP at higher temperatures. These results are
comsistent with the thermal pulses desorbing Cl-species which were previously adsarbed on a room
temperature surface.

III. COMPARISON WITH PHYSICAL SPUTTERING

The products of the physical sputtering of InP exhibited the theoretically predicted (E)*?
dependence on incident ion energy (E,)’ In contrast, the ion enhanced chemical etch products
appear to saturate at a relatively low ion energy (~1 KeV). The products of the physical sputtering
of InP also exhibited the linear dependence on ion flux which is predicted by the collision cascade
model.!’ The ion enhanced chemical etch products have a mixed behaviar: P, is linear while InCl,
saturates with ion flux. The ratio of the ion enhanced chemical etch products to the physically

721



sputtered products increases by a factar of ~2 as the ion mass is increased from Ar to Xe. This ion
mass dependence is qualitatively comsistent with the thermal pulse model, since the amount of
incident ion energy which is dissipated into heating the lattice would be expected to scale with the
cross section for total energy loss into nuclear motions, which increases by a similar amount with
increasing ion mass.

IV. CONCLUSION

Although mare wark is required befare these experimental results are fully understood, many

aspects of the data appear consistent with a thermal pulse model for this particular ion enhanced
chemical etching process.
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