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Thermal emission from resonant DX levels in Ge-doped GaAIAs was
studied by measuring the temperature transients of free electron concentration. Pressure was used to fill the levels with electrons. Two emission peaks
are observed in AlGaAs:Ge. This enables us to confirm that Ge, similarly to
Si dopant, is stabilized upon dangling bond C3„ configuration in AIGaAs.
Analysis of experimental data allows us to determine parameters of two components of the DX multilevel system. Evaluated alloy splitting of ground and
top of the barrier states: 45 meV is comparable with determined for Si donor.
PACS numbers: 71.55.—i, 72.20.Fr

1. Introduction

It was established both experimentally and theoretically that in addition
to shallow state, Ge in GaAs and AlGaAs creates two deep, localized states:
metastable, two-electron DX state and one electron state with Α 1 symmetry [1, 2].
Up to now, the microscopic picture of two-electron bonding DX state is still subject of controversy. Schmidt et al. [3] basing on αb initio pseudopotential calculations suggest that behavior of the GeG a defect is qualitatively different from
the broken-bond model usually associated to SiGa [4, 5]: for the Ge impurity, a
negative-U behavior is found for breathing-mode relaxations of the Ge neighbors,
in Td symmetry.
In this paper we investigate the emission from Ge-related DX state. If this
state is stabilized upon broken-bond geometry, then pronounced differences between emission energies (associated with different local surroundings of Ge atoms
in AlGaAs) is expected. Such effect, originating from second neighbors, was observed and studied in detail for Si-related DX states in AlGaAs [6].
(531)

532

C. Skierbiszewski, R. Piotrzkowski, K. Luke
2. Experiment and data analysis

Emission from the Αl0.1Ga0.9As samples doped with Ge on the level
4 x 10 1 8 cm -3 was investigated. We analyzed emission of electrons from DX states
after high pressure freeze-out (HPFO) of electrons on these states [6]. HPFO is
an unique tool which enabled us to create a nonequilibrium population of DX at
low temperature. In the HPFO cycle, pressure is applied at 300 K allowing to
populate the DX states by electrons. Then sample is cooled down with pressure
below the metastability temperature ΤΜ and then pressure is released. Electrons
remain then on the DX states and when temperature is rised the emission from
those states can be observed.

Figure 1 shows dependence of electron concentration at ambient pressure
vs. temperature without and after HPFO. Analysis of emission after the HPFO
is presented in Fig. 2, where dn e /dt vs. 1000/Τ is plotted. Within experimental
accuracy at least two peaks are visible — resembling emission from different DX
levels. One peak is much bigger, which means that almost all of the electrons are
populating only one level.
In general, the emission from the DX state is given by the equation

Here we present approach, in which analysis of emission becomes simple.
Under assumption that 1/T is á linear function of time t: 1/Τ = ct, which can
be easily realized in experimental setup, the change of the electron concentration
dn e /dt (-dNDχ/dt =dn e /dt) can be expressed in the following manner [7]:
where ymax = nhc|NDx(t0) exp {exp[—nx(t 0 )] - 1} , exp( - nxmax) = nkc|/ex, here
t0 is an initial time for measurements.
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Equation (2) describes situation for emission from one DX state. Emission
from each DX state can be thus modeled separately by Eq. (2) (when broadening
is smaller than peak separation). By fltting two peaks (see Fig. 2) we can get
two emission energies: ΔΕ em1 = 215 meV and ΔΕem2 = 260 meV, as well as
pre-exponential coefficient e 9-∞xwsD=hic2t1e1a0mforbDX
states.
3. Conclusions

Two emission peaks are observed in AlGaAs:Ge. This enables us to confirm
that Ge-related DX states, similarly to Si ones, are stabilized upon dangling bond
C3v configuration in agreement with Chadi and Chang model [5]. The analysis of
experimental data allows us to determine parameters of two components of the
DX multilevel system. Evaluated alloy splitting of ground and top of the barrier
states: 45 meV is comparable with determined for Si donor.
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