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As shown by investigations of different semiconductors (CdS and CdSe, 2ZnS
and ZnSe, GaSe, GaAs, CdSiP,, and others), the main type of photosensitivity
center (i.e., center of "slowest" recombination), 1s an acceptor in an n-type
sample (c¢f., e.g., [1]) and a donor in a p-type sample (e.g., [2]). The same
centers, as shown by Joint investigations of luminescence and photoconductivity
[3], are centers of the effective recombination luminescence that results from
radiative decay of the majority carriers by these centers.

Such a situation is governed to a considerable degree by the charge state
of the centers. Thus, deep acceptors (A) in n-type semiconductors, being com-
pensated and thus negatively charged, attract the non-equilibrium holes, which
are captured in the Coulomb field, with a large capture cross section S~

N
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- 10 [l]g greatly exceeding the "geometrical" capture cross sec-

tion o ~ 10'15 - 1071'% cm? The succeeding radiative capture of the electron
is produced already by a neutral center (if the acceptor is singly charged),

O ~vi107H - 107 e 11, 30.

The large cross section S; makes the centers A under consideration readily

with a cross section equal to S

able to compete with capture of holes by other (1) recomblnatlon centers. Even
if the A-center concentration is not very high, N, ~ 1015 - 10'% em™?, they

carry frequently the main share (gA) of the entire recombination flux, 8y =

pA A/Zl pi 1 The sample exhibits good photosensitivity and luminescence (in
the given band) if gy 1.

A change, for any reason, in the value of S should change the recombina-

PA
tion flux through the A centers, and hence the luminescence and the photoconduc-
tivity. For example, an increase of SpA by K times with the filling of all the

recombination centers kept unchanged (for simplicity) leads to an increase of
the flux (gA) through the A centers by a factor K/[gOA(K - 1) + 1], where goa

is the 1initial flux through the A centers.

An effective reason for the change of the cross section S pA should be the

clusterlng of this center with an ionized donor (D+), as a result of which the
A~ centers ceases to be negatively char%ed and becomes practically neutral under
equilibrium conditions (dipole), (A~DY) The cross section for hole capture
should decrease appreciably in tbls case, from SgA to 0,%) and the cross section

for th% captu;e of an electron (by a positively charged complex) should increase
from SnA to Sn(DA)'

To the contrary, in the case of decax of the complex (A'D+)°, which cap-
tures holes weakly, into centers A~ and DV that do not interact with each other,
the cross section for the capture of holes by the A~ centers increases sharply
from 0 to SpA’ and the electron capture cross sectlion decreases. This leads to

) . R
1’ The cross section for hole capture by dipole centers should have a value
intermediate between o and S"A and should vary with the distance d between the

donor and acceptor like d'/2 [4].

476



IA
P vl
<< A Z
g 1
N”l“
I\‘ 7
L TURTR VY WA SUANN SHS S DR T B | LA ?
. 7
o
o
. . 7
T 50 7t
1)
N
L 1 i 1
W & s M 0 7,"'(
Fig. 2

Fig. 1

Fig. 1. Spectra of photocurrent I and luminescence W in a CdS crystal
before (dashed lines) and after (continuous lines) of the occurrence
of the sensitizing photochemical reactions,.

Fig. 2. Curves of thermostimulated current before (curve 1) and after
(curve 2) the occurrence of the PCR. The increase of the peak at L40°K
is due to the increase of the concentration of the corresponding trap-
ping centers, and the increase of the peak at 100°K is due to sensi-
tization of the crystal at a constant concentration of trapping centers.

an increase of the photocurrent and of the intensity of the corresponding lumi-
nescence.

We have apparently succeeded in observing such a photothermal pair decay
process in CdS and CdSe single crystals, in which the so-called sensitizing
photochemical reactions (PCR) take place [5].

In these crystals, usually subjected to prior thermal annealing and guench-
ing, illumination in the interval from room to lower temperatures (-100°C) there
oceurs a considerable increase (up to 10% times) of the photosensitivity [5],

accompanied by an increase in the intensity of the luminescence band Amax =

1.03 - 1.06 y in CdS [6] (Fig. 1). This luminescence, as established earlier
[3], is connected with radiative capture of electrons by the main acceptor
photosensitivity centers in CdS (the so-called r-centers [1]). A detailed in-
vestigation of these processes has shown that both are due to the occurrence

in the crystal, as a result of the PCR, of a large number (up to 10'® cm~?) ac-
ceptor photosensitivity r-centers of the same type as those causing the photo-
sensitivity of ordinary CdS crystals [5 -~ T7].

Two significant circumstances characterize the considered PCR processes.

1. Simultaneously with the occurrence of new r-centers, shallow donors
(Ec - 0.05 eV) are always produced and have the same concentration as the r-
centers. The shallow donors are apparently connected with the interstitial Cd;.
They become clearly manifest in the spectra of thermostimulated conductivity at
low temperatures (Fig. 2).

2. For both types of centers to be produced, it is necessary to have not
free electrons but free holes [7]. The latter can be produced not only by the
intrinsic light or by bipolar injection of carriers from electrodes, but also
by using infrared illumination that excites in the v-band holes previously pro-
duced by the light and fixed on the deep centers in the crystal.
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The first of these facts indicates, in our opinion, that the donor-acceptor
pairs [(r-center)~Cdl ] produced by the thermal treatment decay during the
course of the PCR 1nto independent components (r-center)” and Cd;.

The second fact explains this process well. Indeed, the complex under con-
sideration, the two components of which are retained by the Coulomb forces, can
capture at the PCR temperature only a hole, and not an electron, since the ac-

ceptor center is quite deep (E + 1.0 eV), and the donor center is too shallow
(E - 0.05 eV),

As a result of capture of the hole, the Coulomb attractior between the
palr components vanishes and the Cdi ion, which moves easily in the CAdS lattice,

diffuses away from the neutral acceptor to a distance such that they practically
cease to interact.

The measured activation energy of this process [5] is 0.15 eV.

We assume that the described mechanism, based on an appreciable decrease
of the cross sections for carrier capture by the centers when they cluster to-
gether, may be one of the causes of such phenomena as aging of luminors and
electroluminors, the so-called degradation of opto-diodes, the decrease of
luminescence lntensity when strongly doped by co-activator donors (i.e., it can
cause in this case the concentration quenching of the luminescence). Pair dis-
sociation, on the other hand, can lead, in addiftion to the phenomena described,
also to a rapid increase of the photocurrent and luminescence intensity in the
case of short-duration heating of samples, etc.

Gurevich and co-workers [8] have investigated in detail the process of
clustering of donor and acceptor centers (GaZn)+ and (VZnGaZn) in Zn, processes

that lead to a change in the luminescence spectrum. In our opinion, the con-
siderations described above can explain the results of their observation, namely
the decrease of the 1nten81ty of the new luminescence band due to the neutral
complex [V 70 (GaZ ) ] compared with the intensity of the luminescence con-

nected with the acceptor complex (VZnGaZn) .
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