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The systematic EPR, optical absorption, photoluminescence and ther-
mally stimulated current studies of acceptor defects in bulk GaAs were per-
formed. For the first time, parallel EPR and optical absorption experiments
allowed to find the absorption spectrum due to the photoionization of FR1
defect with the threshold at 0.19 eV. Photoluminescence studies showed two
families of bands in the energy range of about 1.25 to 1.35 eV. We tentatively
ascribed them to FR1 and FR2 complexes with shallow donors. Thermally
stimulated current measurements showed two peaks at 90 K and 110 K as-
signed to FR1 and FR2 respectively.

PACS numbers: 71.55.—i, 78.50.Ge, 76.30.Mi

1. Introduction

On the basis of existing experimental data it can be safely concluded that
the compensation mechanism in commercially grown GaAs is not a simple balance
between shallow donors, carbon acceptor and EL2 [1]. The concentration of car-
bon acceptor is not sufficient to explain the experimentally found concetration of
ionized EL2. Therefore, quite a big interest has been concentrated on the origin
of possible acceptor defects in GaAs for the last few years. Using EPR technique
socalled FR1 and FR2 defect acception have been found in GaAs crystals [2]. How-
ever, their EPR spectra have not been resolved enough to determine the origin of
these defects.
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2. Experiment

Using EPR technique, GaAs crystals with high concentration of FR1 and
FR2 defects were chosen. The observed features of these defects (EPR and fotoEPR
spectra) were the same as published in literature [2, 3]. Moreover, it was found
that:

— both defects existed in crystals pulled from quartz cucibles beside grown by
LEC (liquid encapsulated Czochralski) method;

— FR1 in Cr-doped (10 18/cm3) crystals did not have metastable features [4].
This indicated that metastability of FR1 in undoped crystals is caused by holes
created during the As+Ga metastable transition: As+Ga + υ- → As0Ga 	 Α5
(metastable).

For the first time, parallel EPR and optical absorption experiments allowed
to find the absorption spectrum due to the photoionization of FR1 defect witl
the threshold at 0.19 eV (Fig. 1). The best fit to the experimental curve (shown
in Fig. 1) was obtained by applying Lucovsky model [5] for photoionization of
localized defects, completed by J. Langer by including electron–phonon coupling
[6]. Parameters of this fit will be discussed later. The identification of this spectum
was further confirmed in Cr-doped GaAs, where FR1 behaviour under illumination
was different than in undoped GaAs and did not slow metastability after switching
the white liglt off both in EPR and absorption experiments.

Photoluminescence (PL) studies of samples with high concentration of FR1
showed a family of bands in the energy range of about 1.35 eV, which moves to
1.25 eV with increasing relative concentration of FR2 (Fig. 2). The intensity of
this luminescence was higher for slightly n-type crystals than for semi-insulating
ones for adequate concentrations of FR defects. We tentatively ascribed this lumi-
nescence to FR1 and FR2 complexes with shallow donors.

Thermally stimulated current (TSC) measurements (Fig. 3) showed different
peaks depending on illumination times and on wavelength of excitation light. The
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peak at 90 K was created by about 10 minutes of lighting whereas the peak at
110 K by 1 second of lighting. Similar differences were observed by EPR technique:
EPR spectum due to FR2 appeared after short (about 1 s) illumination, whereas
FR1 signal needed long (10 min) illumination to saturate. Furthermore, the peak
at 90 K was most efficiently created by 1.2 eV light and the peak at 110 Κ by
0.9 eV light. Based on this, the peaks at 90 Κ and 110 Κ were assigned to FR1
and FR2, respectively.

3. Conclusion

As a result of the performed studies it was possible to settle the energy
position of FR1 and FR2 defects within the energy band scheme of GaAs (Fig. 4).

For FR1 defect:
(a) the fit to the absorption data gave the value of thermal energy Εth = 0.10 ±

0.05 eV, optical energy Εopt = 0.30 ± 0.02 eV and 1attice relaxation energy
Erel = 0.20 ± 0.05 eV;

(b) from the position of TSC peak at 90 K the thermal energy applying Rube,s
[7] formula: Epeak = kΤmln(Τm /β) (where Tm means the temperature at the
current peak,s maximum and β — the heating rate during the thermal scan)
was obtained Εth = 0.17 ± 0.02 eV;

(c) the energy position of 1.35 eV PL peak is consistent with FR1 energy ob-
tained from absorption and TSC measurements.
For FR2 defect:

(a) from TSC measurements thermal energy Εth = 0.26 eV;
(b) PL results are consistent with TSC ones;
(c) comparison with Williams studies [8] confirms gallium vacancy related char-

acter of FR2.
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