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1. INTRODUCTION

In the recent years, as a result of intensive theoretical and expe-
rimental work, much of the peculiarity in the physical nature of the
properties of heavily doped, highly compensated IT1-V semiconductors
was revealed. Nevertheless, experimental data on photoconductivity,
due to shallow impurity — band transitions in highly doped and com-
pensated GaAs is practically absent. The turther reported experiments
deal with millisecond photoconductivity relaxation and spectral depen-
dence of photoconductivity in the visible and near IR energy bands.
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Ge-doped and Te-compensated LPE GaAs was Investigated, with
a total impurity concentration 1,3 x 10%m-* and a presumable degree
of compensation K = 0,95, Some previons electric measurements on
this material resulted in experimental evaluation of the activation energy,
which was reported by Arnaudov et al. (1) to be about 85meV. The
present widely accepted model for an energy band structure, modulated
by a random potential is shown on Fig. 1. Iere By is Lhe isolated impu-
rity ionization energy, for the case of GaAs: Ge found by Ashen et
al, to be 40,4meV (2), V¢ iz the impurity band percolalion level. A
preliminary theoretical study showed a deep-lying FFermi-level at about
120meV below Eo. On the figure ¢, and e, denote the activation energies
for the conduction and impurity bands respectively. It is reasonable
to expect, that an appropriate choice of the excitation photon energy
could unravel the activation mechanisms, kinetics of photoconducti-
vity and recombination processes in the above discussed case.

2. EXPERIMENTAL SETUP

Two different experimental arrangements for measuring both, spe-
ctral dependence of photoconductivity (Fig. 2) and photoconductivity
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decay time (Fig. 3), were used. In the first case, a monochromator with
appropriately selected prisms and sources served as a tunable light
source in the region 0,15-2,5eV. In the second case, the requirement
for a high intensity photon flux with a photon energy of approximately
0,1eV, necessitated the application of a carbon dioxide laser, opera-
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ting in the conlinuous-wave mode. The intensity of the photon flux
was varied within an order of magnitude by means of calibrated Ge-
filters.

All the measuremeuls were performed at liquid nitrogen tempe-
ratures (kT << g, e;). After being chopped at a 20 Hz repetition rate,
the photon flux was led into a cryostat. ITn order to improve the signal-to-
noise ratio, the load resistance and a FET-preamplifier were built inta
the cryostat and cooled down to 77°K. The registration techniques
was based on a “Boxcar” inlegrator principle, the replica being taken
directly on an X-Y plotter.

3. EXPERIMENTAL RESULTS

The photocondnctivity decay curves, shown on Fig. b, were plot-
ted down at four different intensities of the photon flux:

T, =21 x 10%%m-2-1, I, =6 x 10%em-2s-1, T, =15 x 10'8¢cm-2s-1,
T, =4 x 108¢m-2s-1 and 30V biasing voltage. A replica is a result of

14 times signal-to-noise ratio improvement and optimum scanning
mode of the sampling gate.
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The observed spectral dependence of photoconductivity, shown on
Fig. 4, has an initial energy resolution better than 20meV, which however
is cosiderably worsened by the procedure of normalisation with respect
to the incident radiation spectrum. Under the same conditions, as the
sample of interest, a chromium-doped semimsulating GaAs substrate
was also mvestigated.
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4. DISCUSSION

The spectral dependence of photoconductivity, as presented in
Fig. 4, can be divided into three parts: The first part is the high energy
region, where interband absorption is present. In the next part, the
peaks labelled at 0,86 and 0,92eV obviously originate from deep-lying
levels. A previous private communication with Arnaudov (3) marked,
that the photoconductivity peak at 0,86eV coincides with an energetic
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level, observed by means of photoluminiscence experiments. The re-
sults obtained by Allen (4) suggest, that it can be ascribed to chro-
mium atoms, present in the layer as a result of doping in the process
of epitaxial growth. However, the peak at 0,86eV was not observed
in the photocenductivity spectrum of the substrate, which the layer
was grown upon. This may be considered as an argument against the
assignment of the above mentioned peak to chromium, despite of par-
tial energetic coincidence. These facts make us consider the possibility
of further detailed investigalions on samples, grown on different sub-
strates (for example p*-type) and with different degrees of doping and
compensation, which could reveal a possible relation between the in-
tensity of these peaks and impurity concentration. The third part of
the spectrum is the region, where free carriers are activated to the iropu-
rity band percolation level. It is clearly seen, that photoconductivity
is monotonously decreasing in this region, which is to be expected in
the case of extremely low intesities.

From the initial slopes of the rise and decay curves (Fig. 5), the
characteristic relaxation times were found to he w4 =2,7 x 10-3s and
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va = 3,1 x 10-3%s. The comparatively precise measurements of these quan-
tities enabled us to evaluate, in the standard manner, the effective
photon capture cross-section q » 1017%cm2. This result is obviously in
agreement with the observed millisecond relaxation times. The decay
time dependence upon the intensity of the photon {lux shows the signi-
ficant role, plaved by the erergy levels, lying in the density -of-states
tail in the generation-recombination processes.

The summing-up of the data about the Fermi-level position, the
photon energy, the value of the RMS potential and the small capture
cross-section implies, that hopping conductivity 1s the main transport
mechanism when radiation is absent. Upon illumination, a small per-
colation component is added to it, whose relaxation alter the cut-off
of the photon flux is hindered by the small recombination cross-section
of the deep-lying localized electrons.
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TIEPIAHYH

THEPTYOPH GQTOATOIIMOTHTA XTO GaAs
ME 1ZXYTPH NPOEMEIZEH KAT METAAH AIIORKATAXTAZH

Tred
P. GLADKOV KAI K. OZANTAN

(" Eppaoripuoy Pvowdic "Huaywydy xal Teyvoloyixdy *Fgevway
Havemoriun Lépuag ).

To Terzurala ypbvie wolhic &nd tlg tdlopcpoize atig puomis [8dwyTag
i Auioyaydv loyupts mpospeifzwe wot peyding avmiotaluicewg Eyouv
copnveutel pd dxpfl] mapopeming xol Dzepnrikd dmorehéopote. Lt ydpo
adTh Tpémal Vo TapaTRENoouLE BTl WELpLATING ATOTEAEGUOTE QWTOOYWYL-
pémTog dmd peramtocstg pydy dxebupoidy ot Gads 3ev Eyouv dvagpeplet.
"Hrow mapovaialovpe 286 mepapaing droterdopnto QuToayOvLLOTNTLS ATLS
GaAs ord bputd pdopo kol xovra ovh) LR Evepysndd) Touvia,
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