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GaAs oxide composition by AES and XPS 

same sensitivity factors for Ga2O3 and for As2O3 as for 
Ga and As, the concentration ratio C(As2O3)/C(GaiO3) 

is equal to 0.45. The composition of the intermediate 
layer is deduced from the concentration ratios C(A52O3)/ 

C(GaiO3) and C(As2O5)/C(A52O3). 

The presence of elemental As and A52O5 could be 
explained by the two chemical reactions [13]: 

4 GaAs + 3 0 2 = > GaiO3 + 4 As 

2 GaAs + 4 0 2 = > Ga2O3 + Asp 5 

The presence of GaiO3 in the upper layer may be ex
plained by the out-diffusion of As. During the etching, 
the mean increase of temperature due to the plasma heat
ing is estimated to be 80°C; the temperature increase at 
the center can be much higher. 

Discussion 

From the Auger experiments, it is possible to deter
mine the layer thickness and the amount of each com
pound in the layers. The accuracy of the layer thickness 
is mainly determined by the accuracy of the sputtering 
rate. The atomic concentration is evaluated from the 
Auger intensity using elemental sensitivity factors. The 
relative proportion of the compounds can be deduced 
from the atomic concentration, assuming the presence of 
certain species. XPS experiments give the layer thick
ness and the presence of compounds in each layer. The 
layer thickness is mainly given by the knowledge of the 
escape depth of each component, assuming the same es
cape depth in the layer as in the substrate. An estima
tion of the composition can be made, for well separated 
species, using the elemental sensitivity factors. Differ
ences are observed in composition and thickness of the 
layers determined by the two techniques. This may be 
explained by the followings: the Auger profiles are ob
tained with a probed area of 100 µm in diameter near 
the central part of the wafer; the angle-resolved XPS ex
periments are probing an area of 10 mm x 15 mm in a 
quarter of the wafer. From the plasll)a etching process, 
it is known that in the central part of the wafer, there 
exists a more important etching rate which explains the 
thicker oxide layer and there is also a more important 
increase in temperature which explains the loss of arsen
ic and the formation of a Ga2O3 layer. 

The presence of a carbon overlayer is due to the 
long storage in air of the samples before the XPS 
experiments. 

Conclusions 

Despite the non-uniformity of the oxide layers 
formed after plasma etching on a GaAs wafer, Auger in-
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depth profiles taken with a low ion energy and a low 
sputtering rate and the angle-resolved XPS experiments 
give complementary results for the thickness and the 
composition of the layers. XPS identifies the presence 
of a chemical compound and allows an estimation of the 
thickness. The atomic concentration of each element is 
given by the Auger experiments, and the thickness can 
be estimated with an accuracy down to 0.3 nm. 
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Discussion with Reviewers 

L.K. Magel: Is there any evidence from the angle
resolved data that the oxide is actually a layered struc
ture or is this merely a simplifying assumption? 
Authors: The angle-resolved XPS results agree well to 
an assumed layered structure. As a matter of fact, the 
thicknesses of the interface layer, y2, determined either 
by the difference between YGa and y As (0. 77 nm) or by 
the difference between Zaa and zAs are very close (0. 79 
nm). In addition, the thicknesses of the carbon contami
nation, x, determined either by the difference between 
Zaa and YGa (1.41 nm) or by the variation of the C1s 
intensity as a function of the take-off angle ( 1. 39 nm) 
are also very close. 

L.K. Magel: What has been done to explore the effect 
of altering the oxygen plasma conditions? 
Authors: All the parameters governing the plasma con
ditions have been explored: oxygen pressure, RF power, 
carrier gas flow, nature of the cover of the cathode 
plate. The oxygen pressure and the RF power have a 
strong influence on the etching rate. For example, for 
a photoresist (AZ 4400), at a pressure of 5 mTorr and 
a RF power of 50 watt, the etching rate is around 12 
nm/min. At a pressure of 50 mTorr and a RF power of 
100 watt, the etching rate is around 240 nm/min. For 
a power greater than 120 watt, the etching is purely an
isotropic due to the role of the energetic ions. Different 
metals and materials have been used for the cover of the 
cathode. Metals have been detected in the surface oxide 
layer and in residues. The best results have been obtain
ed with a SiC cover plate. 

L.K. Magel: What is the relative contribution of sub
oxides compared to As2O3, A52O5? 
Authors: From the deconvolution of the As region 
spectrum (Fig. 2), the relative contribution of suboxides 
is very small as compared to A52O3 and As2O5. 


