Photoelectron spectroscopic study of amorphous GaAsN films
A. R. Zanatta, P. Hammer, and F. Alvarez
Citation: Applied Physics Letters 76, 2211 (2000); doi: 10.1063/1.126299
View online: http://dx.doi.org/10.1063/1.126299
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/76/16?ver=pdfcov
Published by the AIP Publishing
Articles you may be interested in
Hard x-ray photoelectron spectroscopy study of As and Ga out-diffusion in In0.53Ga0.47As/Al2O3 film systems
Appl. Phys. Lett. 101, 061602 (2012); 10.1063/1.4745207
High-resolution soft x-ray spectroscopic study on amorphous gallium indium zinc oxide thin films
J. Appl. Phys. 108, 024507 (2010); 10.1063/1.3457782
Core-level photoemission spectroscopy of nitrogen bonding in GaN x As 1 x alloys
Appl. Phys. Lett. 85, 1550 (2004); 10.1063/1.1784886
X-ray photoelectron spectroscopic study of rare-earth-doped amorphous silicon–nitrogen films
J. Appl. Phys. 93, 1948 (2003); 10.1063/1.1536015
1540 nm light emission from Er-doped amorphous GaAsN films
Appl. Phys. Lett. 75, 3279 (1999); 10.1063/1.125324

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
143.106.1.143 On: Mon, 18 Aug 2014 18:12:05

APPLIED PHYSICS LETTERS

VOLUME 76, NUMBER 16

17 APRIL 2000

Photoelectron spectroscopic study of amorphous GaAsN films
A. R. Zanattaa)
Instituto de Fı́sica de São Carlos, Universidade de São Paulo, São Carlos 13560-250, São Paulo, Brazil

P. Hammer and F. Alvarez
Instituto de Fı́sica ‘‘Gleb Wataghin’’, UNICAMP, Campinas 13083-970, São Paulo, Brazil

共Received 18 October 1999; accepted for publication 23 February 2000兲
Amorphous gallium–arsenic–nitrogen (a-GaAsN) thin films were deposited by sputtering a
crystalline GaAs target with different mixtures of argon and nitrogen. X-ray photoelectron
spectroscopy 共XPS兲 and x-ray excited Auger electron spectroscopy 共XAES兲 were employed to study
the Ga and As core levels and the corresponding LMM Auger transitions of films with different N
concentrations. Chemical information of these samples was obtained through the analysis of the
Auger parameter, which is exempt from problems inherent in the interpretation of XPS and XAES
shifts, revealing aspects associated with the composition of the a-GaAsN films. In particular, these
experimental results show the preferential bonding of N to Ga atoms in the formation of N-rich
amorphous GaAsN films. © 2000 American Institute of Physics. 关S0003-6951共00兲02816-3兴

Recently, there has been a great deal of interest in
N-based semiconductor compounds due to their prospective
employment in the field of optoelectronics and hightemperature devices.1 Crystalline (c-兲GaAs1⫺x Nx ternary alloys, in particular, have been intensively investigated, anticipating the achievement of N-dependent tunable optical bandgap semiconductors.2 Analogously, and of fundamental
importance in the manufacture of insulator–semiconductor
interfaces with a low density of defects, is the passivation of
c-GaAs surfaces with N atoms.3–5 The attainment of such
advantageous optical and electronic properties, however,
presents problems such as:6–12 a large difference in the lattice constants of the parent GaAs and GaN binaries preventing the continuous variation of their properties, an unusual
composition-dependent optical band gap in dilute
c-GaAs1⫺x Nx alloys, phase separation at appreciable N concentrations due to low N solubility in the c-GaAs1⫺x Nx alloys, etc. Within certain limits, most of these drawbacks are
absent, or can be avoided, in the case of amorphous
(a-)GaAsN compounds. To that aim, however, an essential
stage is the identification and the understanding of the different steps governing the formation of these amorphous
films.
In this letter, the experimental report on the photoelectron spectroscopic 共PES兲 properties of a-GaAsN films containing different N concentrations is presented. Given the
insulating characteristics of these films, the present analysis
in terms of the Auger parameter yields a set of data, which is
thoroughly unsusceptible to experimental problems associated with the charging effects and energy shifts commonly
found in most of the photoelectron spectroscopic studies.13
Thin films of a-GaAsN were deposited by radio frequency 共13.56 MHz兲 sputtering a c-GaAs wafer in a controlled Ar⫹N2 atmosphere. Moreover, in order to study the
photoluminescent properties of these films, they were doped
with Er by putting suitable pieces of metallic Er onto the
a兲
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c-GaAs target during deposition. Since the Er contained in
the samples is at doping levels 共⬃0.5 at. %, as determined
from x-ray micro-analysis兲, the structural properties of the
material are not influenced by its presence 共see below兲.
Therefore, here we shall focus our attention exclusively on
the structural changes introduced by N while the effects of Er
on the optical properties of the a-GaAsN films are reported
elsewhere.14 All films were grown at room temperature on
polished c-Si substrates. They are typically ⬃2 m thick and
exhibit an amorphous structure, as indicated by Raman scattering measurements. All x-ray photoelectron spectroscopy
共XPS兲 measurements were obtained under ultrahigh vacuum
conditions (⬍10⫺9 mbar) using a nonmonochromatic Al
K ␣ 1,2 photon source (h  ⫽1486.6 eV, full width at half
maximum height ⬃1.2 eV兲. They were accomplished ex situ
and no cleaning procedures 共either chemical or physical兲
were performed in order to avoid possible mixing and/or
preferential sputtering. As a consequence, the analyzed
samples always had a thin superficial naturally grown oxide
layer. The binding energy E B corresponding to Ga 3d and
As 3d core levels were obtained following standard computer data fitting procedures and taking into account bonds
with N and O atoms.15 The data of the L 3 M 45M 45 Auger
transitions were obtained from the derivative of the photoelectron spectra and expressed in terms of their respective
kinetic energy E k . According to this procedure, the Auger
parameter ␣ was determined from ␣ ⫽E B ⫹E k . 16 As a consequence, ␣ is conceived to be an empirical measure with a
unique value for each chemical state and can be used as a
‘‘fingerprint’’ for the identification of such states.13,16
Figure 1 shows the photoelectron spectra of some
GaAs共N兲 samples in the range of ⬃0–450 eV binding energy. The spectrum of a c-GaAs sample, measured under
very similar conditions, is also represented for comparison
purposes. The main features are identified in the figure and
correspond to: 关Fig. 1共a兲兴 valence band states and, the Ga 3d
and As 3d core levels; 关Fig. 1共b兲兴 the As LMM Auger transitions and the C 1s core levels 共the latter, most probably
stemming from atmospheric exposure兲; and 关Fig. 1共c兲兴 the
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FIG. 1. X-ray photoelectron spectra 共XPS兲 in the binding energy range of ⬃0–450 eV of some GaAs共N兲
compounds. The following electron transitions can be
specified: 共a兲 valence band states 共up to 15 eV兲, Ga 3d
and As 3d core levels; 共b兲 As LMM Auger transitions
and C 1s core levels and; 共c兲 Ga LMM Auger transitions and N 1s core level. c-GaAs (a-GaAs) stands
for a commercial wafer of crystalline GaAs 共pure amorphous GaAs film兲. The nitrogen content of the
a-GaAsN films, as estimated from the XPS analysis,
were indicated in 共a兲. The most evident O-related bonds
are identified by downward arrows in the figure.

共c兲 For 10⬍ 关 N兴 ⬍25 at. %, the Auger parameters are
Ga LMM Auger transitions and the N 1s core levels. As a
consequence of the thin oxide layer on the surface of all
very similar to those representative of As–As 关Fig. 2共a兲兴 and
samples, O-related bonds13 are evident from the spectra 共Fig.
Ga–Ga 关Fig. 2共b兲兴 bonds, suggesting some metallic-like
1兲.
character in these films. In other words, intermediate
The spectra of Fig. 1共a兲 suggest the preferential bonding
amounts of N promote the development of Ga–Ga and
of O to the As atoms. Also, it is important to notice the
As–As bonds in the a-GaAsN system. Indeed, this could be
changes experienced by the As 3d core levels and As-related
the origin of the optical band-gap decrease proposed for
LMM Auger transitions at increasing N contents 关N兴. The
c-GaAs1⫺x Nx compounds in the 0⬍ 关 N兴 ⭐25 at. %
same is true for the As 3p and 3s core levels 共not shown兲.
range.2,6,11
Finally, it is important to stress that the ␣ values of all
Based on the atomic concentration of Ga, As, and N, most of
a-GaAs films are not influenced by the presence of Er 共see
these features are attributed to the replacement of As by N
the experimental values corresponding to 关 N兴 ⫽0 at. % in
atoms.
Fig. 2兲. Furthermore, in view of the typical ␣ values desigConcerning the behavior exhibited by the Ga-related
core levels, increasing amounts of N are responsible for a
nating GaOn and AsOn environments13 the data corresponding to the present a-GaAsN system are clearly not affected
small energy shift of the Ga 3d core levels and a new bonding arrangement 关Fig. 1共a兲兴. Both the energy shift and the
appearance of a new chemical environment indicate the development of Ga–N bonds. As recently reported,14 the formation of these Ga–N bonds is responsible for the development of new electronic states at the top of the valence band
关Fig. 1共a兲兴 and the widening of the optical band gap from
⬃1.5 to 2.5 eV in the a-GaAsN films.
Figure 2 illustrates the Auger parameter ␣ of the
a-GaAs共N兲 films as a function of 关N兴. For the purpose of
comparison, the ␣ of c-GaAs, GaN, GaOn , and AsOn compounds are also included.13 The N content of the a-GaAsN
films was determined from the XPS data and, as expected,
scales with the N2 partial pressure adopted during
deposition.14 The overlapping of the N 1s core level with the
Ga L 2 M 45M 45 Auger transition 关Fig. 1共c兲兴 introduces inaccuracies in the estimation of the N content that is indicated in
Fig. 2. Also displayed in Fig. 2 are the error bars associated
with the experimental determination of the Auger parameter
of all a-GaAs共N兲 samples.
Regarding the experimental data represented in Fig. 2,
some important conclusions follow:
共a兲 Despite some data dispersion, the ␣ values associated
with the As atoms remain almost the same for all 关N兴, implying a chemical environment constituted essentially by
FIG. 2. As- and Ga-related Auger parameters of a series of a-GaAs共N兲
films with different concentrations of nitrogen 关N兴. The Auger parameter of
As–Ga bonds 关Fig. 2共a兲兴.
c-GaAs, pure a-GaAs, metallic As and Ga, AsOn , GaN, and GaOn are also
共b兲 On the other hand, for 关 N兴 ⭓30 at. % the Ga-related
represented for comparison 共see Ref. 13兲. The lines are guides to the eyes.
Auger parameter indicates a systematic change towards the ␣
Thetoerror
bars indicate
both the experimental resolution of theDownloaded
Auger pa- to IP:
This article is copyrighted as indicated in the article. Reuse of AIP content is subject
the terms
at: http://scitation.aip.org/termsconditions.
value characteristic of the GaN system 关Fig. 2共b兲兴.
rameter and the uncertainties in the estimation of 关N兴.
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by the ex situ analysis 共Fig. 2兲. Conversely, with the actual
experimental information, the surface structure formed by
atmospheric exposure is more difficult to elucidate. As remarked above, it seems that As atoms are more susceptible
than Ga to form chemical bonds with O since the Ga 3d core
level is indifferent to the O presence 关Fig. 1共a兲兴. On the other
hand, the trend of ␣ towards the expected value of the GaN
compound is strong evidence of the preferential bonding of
N to Ga. Therefore, all changes verified in the Ga-related
LMM Auger transitions 关Fig. 1共c兲兴 result either from an increase in the number of N atoms (L 2 M 45M 45 transition兲 or
from the energy shift due to the formation of Ga–N bonds
(L 3 M 45M 45 transition兲. If it is so, the energy shift in the As
core levels must be due to As–Ga–N bonds 关Figs. 1共a兲 and
1共b兲兴. However, since some features associated with O and N
are overlapping, it is not possible to exclude completely the
existence of a small number of As–N bonds 关see, for example, the data corresponding to 关 N兴 ⬃30 at. % in Fig. 2共a兲兴.
The data displayed in Fig. 2 shows that a-GaAsN compounds can have their N composition continuously varied in
the 0⬍ 关 N兴 ⬍40 at. % range. Therefore, besides their possible usage as insulating layers in GaAs-based devices, the
growth of a-GaAsN samples with well defined and controlled amounts of N represents a suitable choice for applications that demand compounds with tunable optical band
gaps.2 Moreover, in analogy with amorphous Si- and Gebased alloys, it is expected that the optical and electronic
properties of a-GaAsN could be further improved 共or
changed兲 with the insertion of hydrogen atoms. Finally, under specific deposition conditions, it is possible to easily
achieve stoichiometric a-GaN, which is promising as a novel
electronic material.17
Summarizing, in this letter we presented a PES study of
amorphous GaAsN films, deposited by rf sputtering a
c-GaAs wafer under different partial pressures of N2. Both
x-ray photoelectron spectroscopy 共XPS兲 and x-ray excited
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Auger spectroscopy 共XAES兲 data were employed to determine the Auger parameter ␣ of a series of samples with
different N content. In contrast to previous efforts aimed at
understanding GaAsN compounds, the present analysis
based on ␣ is free from charging problems inherent in the
interpretation of XPS and XAES spectra of insulating films.
The analysis of this parameter allows us to draw conclusions
about the preferential bonding of N to the Ga atoms in the
formation of N-rich a-GaAsN films.
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