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A ROLE OF INTERMEDIATE CHARGE STATE
IN THE DX CENTER PHOTOIONISATION
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P. KaczoR AND Z.R. ZYTKIEWICZ

Institute of Physics, Polish Academy of Sciences
Al Lotnikéw 32/46, 02-668 Warszawa, Poland

Detailed studies of the DX center absorption are presented. Thess stud-
ies performed on thick AlGaAs:Te layers, give a strong indication for the
influence of the intermediate charge state on the DX center photoionisation.

PACS numbers: 71.55.Eq

1. Introduction

Recently there has been presented the strong theoretical [1] and experimen-
tal [2, 3] evidence in favor of an interstitial-substitutional defect reaction governing
the metastable behavior of the DX center. In this reaction, the DX center, forming
a negative-U system, binds two electrons according to the following scheme:

Dt 42 —-D°+e — D~
The single-charged, unstable, intermediate charge state DO is assumed to play an
essential role in capture and emission of electrons by the DX center [2].

In this work we report the detailed study of the DX center ionisation ab-

sorption. We explain an anomaly in the kinetics of the photoionisation absorption
to be due to the DX intermediate charge state photoionisation.

2. Experimental

The samples used in this experiment were thick (100-200 pm), very homo-
geneous in composition liquid phase electroepitaxy (LPEE) layers [4]. Three alloy
compositions were studied: £ = 0.27, £ = 0.33,and £ = 0.41. The free carrier
concentration was n = 5 x 1017 cm~! with exception of the z = 0.41 sample where
it amounted n = 2 x 1018 ¢cm~1. All measurements were done with rapid scan
Bomem DA3 Fourier transform spectrometer .in the wave number range from 6500
to 11000 cm~! at temperatures below 50 K.
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3. Results and discussion

In absorption measurements a broad band-around 1.2 €V (ca. 10000 cm™1)
was observed [5], which was similar to that studied by photocapacitance meth-
ods [2, 6] (Fig. 1). The low energy tail of this absoption merges (for composition
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Fig. 1. The DX center photoionisation absorption merging with the absorption at the
IF1 band for different values of illumination time. Absorption spectra were recorded in
equal time intervals. The spectrum registered after complete bleaching of the DX center
absorption was taken as the reference. Therefore, the quantity measured is the defect
absorbance: adetect + 4 (absorption coefficient originating from defect photoionisation,
apx or photopopulation, airi, times sample th%lckness) vs. wave number.

x > 0.33) with an absorption band originating from a shallow donor to higher band
minimum transition called IF1 band [5]. The absorption coefficient in the 1.2 eV.
band scales with Te concentration and decreases during illumination due to pho-
toionisation of the DX center. In the present experiment a low temperature (below
50 K) and low light fluxes were used in order to slow down the photoionisation of
the DX center. The DX center absorption is expected to decrease monotonically
with the illumination tirne due Lo an irreversible transformation of the defect from
the interstitial into a substitutional configuration [1]. But in fact, as we observe,
at wave numbers greater than ca. 7500 cm~? this absorption rises first to a certain
value and only then decreases (Fig. 2).

This unusual behavior can only be explained by a population of an inter-
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Fig. 2. Time evolution of the DX photoionisation absorption at chosen energies of
the incident light — curve a: a(t) at 10000 cm™ (1.2 V), curve b: a(1) at 8000 cm™!
(1 V). For comparison the time dependence of the absorption at IF1 band, which is due
to transition from the ground state of the bistable shallow donor (photopopulated during
DX center photoionisation) to higher band minimum: curve ¢ (a(t) at 6700 cm™?).

mediate state, whose photoionisation cross-section is very similar to that of the
DX center (the general line shape changes only a little as seen in Fig. 1). It is
created due to photoionisation of DX center and its absorption vanishes for long
illumination times. The latter means that the population of the new state is not
only concominant with the DX photoionisation process and cannot be explained
by photopopulation of an “DX-independent” state.

All above characteristics of the new state, as given above, i.e. instability,
appearance during DX photoionisation and similar spectral dependence of the ab-
sorption coefficient (to that of the DX center), match very well with the properties
of the DX intermediate charge state postulated from photocapacitance experiments

[2].

The initial increase in DX absorption coefficient is observed in the whole
wave number range (above 7500 cm~!) only for direct gap samples. For indirect
band gap sample (with 2z = 0.41) only a narrow band at 7800 cm~1! exhibits such
behavior. Also these properties are in agreement with the results of the photoca-
pacitance experiment [2]. We conclude therefore that anomalous properties of the
kinetics of the DX photoionisation absorption, as observed in our experiment, can
be taken as an indication for the participation.of the intermediate charge state in
the DX center photoionisation.
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