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The dependence of the energy position of the deep defect-related photo-
luminescence line Y-1.2 eV in Ge-doped GaAs on high hydrostatic pressure
is investigated using a Dunstan-like diamond anvil cell. The observation
that the energy position of the line follows that of the Γ-conduction band
minimum in the 1 bar-30 kbar pressure range demonstrates that the line has
Γ-(free or shallow bound)-to-deep acceptor character. This fact confirms the
deep-acceptor character of the deep defect, most likely a donor impurity—Ga
vacancy complex, which contributes to the Y-1.2 eV photoluminescence line.

PACS numbers: 71.55.Eq

*This work is supported by Institute of Physics, Polish Acadeiny of Sciences in Poland, SERC
in UK, and SERC Visiting Research Fellowship and EC Mobility Research Fellowship for visits
of J.E. Dmochowski to UK.

†Also at Blackett Laboratory, Iinperial College of Sci. Technol. Medicine, London, UK and
Physics Department, University of Surrey, Guildford, UK.

(649)



650 J.E. Dmochowski et al.

Identification of the origin of a deep defect-related photoluminescence line
of a bulk semiconductor requires that an answer to the following question should
be found: which of the two particles involved, electron or hole, or may be both —
is deeply bound. In this paper we describe one possible way of approaching this
question. We investigate the pressure dependence of the energy position of the
line using the diamond anvil high pressure cell technique. The technique is applied
for observation of the deep Y-1.2 eV (at ambient pressure) photoluminescence of
a Ge-doped GaAs sample and confirmation of the deep-acceptor character of the
deep defect responsible for the luminescence is obtained.

The Y-1.2 eV photoluminescence is the most commonly observed deep lu-
minescence of impurity doped n-type GaAs [1]. It is observed in GaAs doped with
group IV and group VI impurity atoms. The energy position of the line is weakly
species-dependent: from 1.18 eV for Si to 1.22 for Se [1], and the halfwidth of
the line at 10 K is about 0.15 eV. The 1.2 eV line is believed to originate from
a donor impurity-Ga vacancy deep acceptor complex [1]. This identification was
derived from different experiments reviewed in Ref. [1], involving investigations of
free-carrier concentration versus impurity concentration studies, annealing studies,
stoichiometry considerations, various aspects of luminescence studies and analogies
with socalled self-activated (SA) luminescence in II-VI compounds.

We report here on investigations of the Y-1.2 eV line in a Ge-doped MOCVD-
-grown 2 µm thick epilayer of GaAs, LID1304. The carrier concentration in the
sample derived from 300 K Hall measurement is nH = 1.1 x 10 17 cm-3 . We employ
Dunstan-type [2] diamond anvil high pressure cell, which allows the pressure to be
changed in situ at cryogenic temperatures. Argon is used as a pressure transmitting
medium. The sample of size of approximately 100 x 100 x 30 µm3 is placed in the
250 m diameter hole in a stainless steel gasket preindented to a thickness of
100 m. A laminated gasket technique [3] with 100 µm'hole in the 50 m thick
screening part of the gasket is used to allow transmission and luminescence to be
measured alternately with the same optical set-up. The white light for transmission
measurements is provided by a halogen bulb lamp and multi-wire quartz fibre.
Green argon-ion laser light is used for excitation and the luminescence light is
dispersed by a 1.0 m double-grating SPEX monochromator and detected with
a Si-avalanche photodiode detector. The pressure is calibrated using the shift
in energy of the band-edge transmission onset of the sample, which is governed
by the band-edge absorption of the semi-insulating GaAs substrate. The GaAs
Γ-band-edge shift is taken to be 10.73 meV/kbar [4].

The photoluminescence spectum of the sample at a pressure of 8.5 kbar
is given in Fig. 1. The spectum is dominated by near-band-edge band-to-band
(eh) 773 nm (1.603 eV) and band-to-acceptor (eA) 780 nm (1.589 eV) transitions
which correspond to 1.513 eV and 1.495 eV lines at ambient pressure. The V-line
is observed at 942 nm (1.316 eV) at 8.5 kbar. At 9 kbar pressure the shallow-deep
Α1 transition for Ge-donors takes place [5, 6]. This transition results in drastic
quenching of free electron concentration in the conduction band. Consequently,
the band-toband (eh) luminescence is quenched and the shallow-Γ-donor-shallow
acceptor (eA) luminescence dominates the near-band edge photoluminescence in
the 10-30 kbar range. The shallow Γ donors involved are no longer germanium
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as the ground state of this donor is now deep. Residual (most likely Si and S)
donors [6, 7] govern the luminescence. The strong localization of the deep Α1
state of germanium donor makes the possible germanium-related luminescence
much weaker than any luminescence involving Γ-shallow large radius donor states
of residual impurities. The change in the character of the main Ge-donor close
to 10 kbar does not affect significantly the V-line. The width of the line, about
0.15 eV FWHM — see an error bar in Fig. 2, does not change its magnitude in the
1 bar-30 kbar pressure range. The pressure coefficient of the energy position of the
maximum of the line is, within experimental error, equal to that of Γ-conduction
band (as depicted by dashed line in Fig. 2) for pressures up to 30 kbar, i.e. as
long as the residual impurity donors remain shallow Γ-bound [6]. The observation
of the Γ-like pressure coefficient for the deep photoluminescence line Y allows us
to exclude two possibilities: i) both, electron and hole involved in the transition
are strongly localized, i.e. the transition is an inter-deep-defect transition; ii) a
deep-non-Γ-donor is involved in the donor-acceptor (shallow or deep) transition.
In both cases the line would not follow the near-band-edge emission.

The most likely explanation of observed pressure dependence of the line is
that the transition has a Γ-free or Γ-shallow bound-to-deep acceptor character.
This interpretation gives further support for the model in which the donor impurity
on Ga site-Ga vacancy complex is a deep acceptor contributing to the Y-1.2 eV
deep photoluminescence of n-type impurity doped GaAs.
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