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Abstract. Considered is the possibility to determine changes stimulated by external actions
on a ratio between different luminescence center concentrations in GaAs crystals when using
their photoluminescence spectra. It was shown that hard data on those changes can be ob-
tained only by a detailed study of lux-brightness characteristics of impurity and inter-impu-
rity bands of luminescence. Correlation changes of luminescence intensities of those bands
indicate a variation of radiating centers concentration, if their dependence on excitation level
in initial crystals and those subjected to external actions are the same.
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1. Introduction

While studying different influences (doping, thermal treat-
ment, etc.) on photoluminescence (PhL) centers of gal-
lium arsenide it was reported in a number of papers [1-
10] that the mentioned influences, as a result of redistri-
bution of radiation intensity between elementary PhL
bands, lead to their change: intensity in one part of the
bands increases and decreases in another part. The au-
thors explain the observed changes in PhL spectra by
changing a concentration of different luminescence
centers. However, as it will be shown below using exam-
ples of studying influences of the thermal treatments on
spectra of impurity PhL in semi-insulating specially
undoped gallium arsenide (SIU GaAs), the mentioned
changes of spectra may be caused not only by changes in
concentration of PhL centers, but also due to other causes,
which will be dwelt upon below.

2. Methods

Research was carried out on SIU GaAs crystals, their
characteristics are described in detail in work [11]. Ther-
mal treatment of crystals was realized at temperature
950° C, for 4 hours, followed by quick cooling. Lumines-
cence was excited by a strongly absorbed radiation of a

Ne-He laser (energy of quanta 1.96 eV, depth of light
absorption 1/k = 0.25 pm), intensity of excitation L
changed from 2.5-10'7 to 10'° quanta/(cm?'s). PhL spec-
tra were studied at 4.8 K.

3. Results and discussion

Spectra of impurity PhL in an initial and thermally treated
crystals are shown in Fig. 1. As one can see, there are two
clearly observed peaks in PhL spectrum. One of them
may be due to inter-impurity transitions of electrons in
pairs small donor d — small acceptor ¢ (maximum of ra-
diation hv,,;=1.491eV, intensity 1;,). Another peak is the
impurity one, it is conditioned by transitions of free elec-
trons e to a small acceptor a, connected with background
neutral donors, i.e. to associates (maximum of radiation
hv,» = 1.495 eV, intensity /). In thermally treated crys-
tals both peaks of luminescence remain, and there is only
aslight change in correlation of their intensities: in com-
parison with the initial crystal, contribution of inter-im-
purity luminescence band slightly increases.

The observed change of PhL spectra can be inter-
preted as a conditioned by thermal treatment change of
correlation between concentrations of respective radiative
centers, which was supposed in [1-10]. However, this in-
terpretation can not be considered as the unique one. The
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evidence of this can be found in PhL spectra of thermally
treated SIU GaAs crystal measured at different illumina-
tions shown in Fig. 2. In those spectra, the attention can
be attracted by the fact that correlation between intensities
of the considered luminescence bands depends essentially
on levels of excitation. Thus, with L decreasing, intensities
of both bands become equal to one another, and then the
inter-impurity band dominates prevalent.

It follows from the mentioned at different illumina-
tions PhL spectra of researched crystals that the observed
in thermally treated crystal correlation changes of inten-
sity of luminescence of impurity and inter-impurity bands
in PhL spectra are not connected with concentration
changes of the corresponding radiation centers. No doubt,
those changes are connected with different dependences
of luminescence intensity of considered bands on excita-
tion intensity. A detailed shape of this dependence is shown
in Fig. 3. As seen from the figure, a) the aspect of intensity
dependence of inter-impurity and impurity luminescence
bands is different along/ in the whole investigated inter-
val of PhL excitation intensities researched; b) aspect of
dependences 1, 1,4 = ¢ (L) essentially depends on exci-
tation intensity: at low L (L < 807 quanta/(cm?-s)) I;,~L,
and I,,~L'%, and inter-impurity luminescence band is
dominant, and at high L (L > 8-:10!7 quanta/cm?:s))
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Fig. 1. Spectrum of impurity photoluminescence of initial (1) and
thermally treated at 900°C, 4 hours (2) SIU GaAs crystal at 4.8 K
and L = 1-10"° quanta/(cm?-c).
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Fig. 2. Spectrum of impurity photoluminescence thermally treated
at 900°C, 4 hours SIU GaAs crystal at different levels of excita-
tion: L = 3-1017 (1), 2.5-10'8 (2) and 1-10' (3) quanta/cm?-c).

L;,~L%%, and I,,~1°°, with L raising, contribution of
impurity band increases, and at L > 4-10'® quanta/(cm?:s)
it becomes dominant. As to the factors that condition dif-
ferent dependences of PhL bands on excitation intensity,
see [12].

It follows from the presented data that for obtaining
well-proved data about the causes that condition influ-
ence of thermal treatment on impurity PhL spectrum and
extracting from them reliable information about chang-
ing in impurity-defective composition, that takes place
in the process of thermal treatment, study of PhL spectra
at different excitation intensities must be carried out. At
the same time, authors of the papers [1-10] made conclu-
sions about changes taking place in the process of exter-
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Fig. 3. Lux-brightness characteristics of intensity of inter-impu-
rity (1) and impurity (2) bands of luminescence thermally treated
at 900°C, 4 hours SIU GaAs crystals at 4.8 K.

nal actions, in particular about changes of concentra-
tion of radiative recombination centers, when basing on
data of studying PhL spectra of initial and exposed to
external actions crystals at the same illumination. No
doubt, reliable information from the analysis of impurity
PhL spectra can be obtained if lux-brightness character-
istics of the researched luminescence bands have the same
form both before and after thermal treatment. Only in
this case change of intensity correlation of respective
band luminescence in PhL spectra will be the evidence of
changes in their concentration.
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