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Introduction

Experimental details

Synchrotron (BESSY-I) / . . . . \
Energy analyzer The experiment was carried out in ultrahigh vacuum by

photoelectron spectrometer CLAM-4 (VG) at the Russian-
German beamline of the BESSY-II storage ring (Berlin). The
spectrometer energy resolution was AE, ~ 300 meV. The n-GaAs

/ The x-ray photoelectron spectroscopy (XPS) is one of the most\
efficient techniques for diagnosing the material chemical
compositions [1]. The circumstance hindering the XPS
application is the necessity of removing the natural oxide layer
and preparing an atomically clean surface of the studied material

Monochromator

in ultrahigh vacuum. The most common technique for preparing - Gahs-ox (100) (n ~ 108 cm-3) wafer was studied after irradiation with Ar*
such a surface is, perhaps, etching it with low-energy Ar* ions. = ions 1500 eV in energy. Fluence Q ~ 1 x 10%5 cm was sufficient
to remove the natural oxide layer and a few layers of the
However, we have revealed in analyzing the valence-band material. The fact that the oxide layer has been removed was
photoelectron spectra of the n-GaAs semiconductor [2] that the . _ confirmed by the absence of the oxygen O1s peak in the survey
purely mechanical effect of Ar* ions changes the Fermi level Fig. 1. Scheme of the experiment. spectrum measured at photon energy /v = 650 eV.
position with respect to the valence band edge and even the N /
conductivity type of at least 1-nm layer, this thickness being
equal to the mean free path (1) of the photoelectrons under study. .
Rindi . . p-GaAs
inding energies Eg measured from the Fermi level may be also | | | | | 11-CaAs
expected to vary within the ion-modified layer. To confirm this 0oL l R, - 1
assumption, core-level photoelectron spectra were studied in this ' E= 15001::\/ .
work. It was shown that variations in the binding energies s Q~1%10" em /
caused by the conductivity type conversion under the action of L -
Ar* ions may be comparable with or higher than the chemical = Ar
shift in the irradiated layer. g 2R, =54 nm
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Fig. 2 presents a TRIM profile of Art ions implanted into GaAs 0.0 . | . / Ga3d
with energy E; = 1500 eV. Using this profile, we assessed the 0 5 10 )
thickness of the ion-modified layer. The thickness was assumed to be Depth, nm
the Ar* distribution FWHM, hence, d ~ 2R, = 5.4 nm, where R, is - :
] ] p ] p - ) i i i -
the easily determinable projected range. FIg. 2. TRIM profile of Art implanted into GaAs with FIg. 3. A band diagram of the p-n Struc.ture
energy E. = 1500 eV formed on the n-GaAs surface by the Ar* ions
I - " - -
Fig. 3 demonstrates an idealized band diagram of the p-n structure Implantation.
formed on the n-GaAs surface by the Ar* ions implantation. Along |
with the valence and conductivity bands, the diagram presents the Lok
position of the Ga3d core level. One can see that in the region of the ’ _ As3d
p- to n-layer transition the core level undergoes the same shift as the hv=600 eV
valence band edge. Therefore, it is possible to expect in the core-level . el
photoelectron spectrum the presence of not only the main line of the Table_ . Ga3d anf AsBdh colr:e-le\{ell b";dlfng g
surface p-layer but also of the n-layer contribution (satellite) shifted energies measured from the Fermi level tor £ 06
towards higher binding energies by about the bandgap width. atomically clean GaAs surfaces prepared by = ks
different methods. *§ 04 L
Fig. 4 presents the As3d photoelectron spectrum of n-GaAs =y S e, T fé As 0,
irradiated with Ar* ions. Besides the main line corresponding to the Ea o s Es S - an L
top p-layer, the spectrum contains a satellite line (tinted) ki 1; 2 3] 4f 3 3] _
corresponding to the unirradiated bulk n-layer. This line is shifted cleaved 19:4 (4] ' - ML
towards higher energies E; by 1.1 eV. The p-layer thickness (5 nm) GaAs- 193 [4] ’ | | |
estimated through the satellite relative intensity appeared to be close chem. etch. 44 i3 7 "
to the TRIM estimate (5.4 nm). cGaiAes\;ap 19.0 [4] j(l).g- [5] Binding engrey (6V)
Table | lists the Ga3d and As3d core-level binding energies GaAs- 19.0 [4] 41.0 [4] Fig. 4. The As3d photoelectron spectrum of n-
measured from the Fermi level for atomically clean GaAs surfaces Ar”etched | 18.5 5] 40.7 5] GaAs irradiated with Ar* ions.
prepared by different methods. The main line energies E; are in good Gk 13'4315 [161] jig [}61]
agreement with previously acquired data published for crystalline, pIans - ‘ this ' this
: Ar" etched work work
amorphous, and ion-etched GaAs surfaces [3-6]. The fact that the GaA 304 ™ 172 o -
| e n-GaAs - | 20. this . this Conclusions
commonly known energies E; are close to those obtained in this pristine il ol
study for the main I|_n(_e means that they aII_ co_rrespond tp GaAs with ﬁhis study has demonstrated that bombardment m
the p-t_ype conductivity. The n-GaAs _blndlng energies formerly Ar* ions strongly affects core-level binding energies
absent in the data bases have been determined for the first time. of the n-GaAs surface via the variation in the Fermi
level position leading to the conversion of the
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