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A crystallochemical method has been proposed to analyze the accumulation of radiation-
induced point defects when estimating the radiation resistance of ABY! semiconductor
compounds. The method makes it possible to compare the radii of absolute instability
zones for defects with different interaction potentials and thus the radiation resistance
levels of crystals. The knocked-out cation interstitials in A'BY' have been shown to be
charged while anions localized in the interstitial positions remain neutral. This results in
predominant accumulation of anionic defects, at the same time, however, it is just the
cationic defects are most influential on the physical properties of semiconductors.

Ilpeanosxen KpHCTANJOXMMHUYECKHMII MeTOJ AHANN3A HAKOILUIEHUS PAZUAIMOHHBIX TOUYed-
HBbIX HedeKTOB A OIEeHKU pPagUallMOHHON CTOMKOCTH IIOJYIMIPOBOJHUKOBEIX COEJUHEHUN
AllBV!, JaHHBIA MeTo[ II03BOJIAET CPABHUBATL PAJUYCHl 30H a0COJNIOTHOH HeycTOIYMBOCTH
Je(eKTOB, B3AaMMOAEHCTBYOMIUX C PA3IUYHBIMI MOTEHIUANAMK, M, TAKUM 06pa3oM, ypOBEHD
pajuaIMoHHOM CTOHKOCTH KpUCTanioB. [IokasaHo, YTO BEIGUTHIE MEMKIOY3eJbHUKU-KAaTUOHBI
B A'BY! sapsamens:, B To BpeMsa KaK aHHOHEI, JOKATHU30BABIIMECH B MEMKI0Y3€eJbHBIX I103H-
LIMAX, OCTAIOTCA HeHTPAJbHBIMU. OTO IPHEBOAUT K IPEUMYIIECTBEHHOMY HAKOIIJIEHNIO AaHUOH-
HBIX Je(eKTOB, HO B TO JKe CaMoe BPeMsa KaK DPas KaTHOHHble Ae(eKThl B Hamboabmieit
cTelleH! BJIUAIOT Ha yKasaHHBIE CBOMCTBA MONYyNPOBOLHUKOB.

This work deals with comparative analy-
sis of radiation resistance (RR) of AlBV!
semiconductor compounds, namely, ZnS,
ZnSe, ZnTe, CdS, CdSe, CdTe, HgS, HgSe,

Introduction?

In [1], the kinetic equations ofypoint radia-
tion-induced defects (RD) have been extended

for the multicomponent crystal case under
account for the instability zones (IZ), includ-
ing not only the absolute recombination zones
(ARZ) of vacancies v and interstitials i but
also the absolute displacement zones (ADZ) of
defects of the same sign [3, 4].

HgTe, and ZnO. These compounds ate simi-
lar in their crystal chemistry, exhibit the

* sphalerite or wurtzite lattice and tetrahe-

dral atomic coordination. All the crystals
mentioned show a considerable fraction of
binding ionicity, at least 15 to 20 %.

IThis paper has been written for the Functional Materials issue dedicated to the memory of
Prof.Eduard Feliksovich Chaikovsky. Almost all authors had worked near him and were under
intellectual influence of his outstanding personality. We were young, he was already among famous
scientists, and it was just Eduard Feliksovich who supported the initial investigations in the
radiation physics of semiconductors in the Institute for Single Crystals as long ago as in the early
70th. This field of work is in progress still today. In this work, one of its aspects is developed.

592

Functional materials, 8, 4, 2001




V.M.Koshkin et al. /| Comparative analysis of ...

In this work, stoichiometric compounds
are considered. In analytical expressions for
the saturation concentration, C,,, taken
from [1], the pre-irradiation defect concen-
tration is taken to be zero. As in [1, 4],
ideal single crystals will be considered
where RD exit to runoffs (dislocations and
block boundaries) can be neglected. The con-
sideration is related to the temperature
0 K, although, as will be shown below, the
temperature increase does not impose any
additional limitations with respect to small
values of the interstitial migration energy,
U, that is of importance in the IZ model.
Strictly speaking, the consideration is re-
lated to consequences of irradiation with
light particles resulting in formation of sin-
gle RD. However, as has been shown by
Thompson [2], the same relationships are
valid for the main features of processes oc-
curring under irradiation with heavy parti-
cles, e.g., fast neutrons, if the limiting
saturation with point defects is assumed
within the cascades. The account for i and
v distribution inhomogeneity within a cas-
cade confirms that result [5].

1. Instability zones and
primarily knocked-out atoms

Radii of ARZ and ADZ where two inter-
acting defects may not coexist even at any
low temperature or recombine without acti-
vation, or become displaced without activa-
tion at a very short relaxation time of 10711
to 10710 5, are defined by following expres-
sions taken from [3]:

res = zeN—9—, D

elU,,

m

Yy,
[3GdAV1AV2] ! )
r“fl = U— ,

where Ze is the ion charge; d, interatomic
distance; ¢, dielectric constant; U,,, migra-
tion energy; G, shear modulus; AV;, AV,,
the defect volume change as compared to
the size of regular position. The Eq.(1) con-
cerns the Coulomb interaction of defects,
Eq.(2), to the elastic one. The equations (1)
and (2) have physical sense if the IZ radius
exceeds the interatomic distance at least
twice or thrice and are defined to a substan-
tial extent by small values if interstitial U,
that is typical of essentially all semiconduc-
tors, dielectric, and metal crystals. Note
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that the IZ size increases when the tempera-
ture differs from 0 K, since the i energy
increases with respect to the well bottom,
therefore, the requirement that U, should
be small becomes less strict [3].

The parameter characterizing the RD ap-
pearance, that is, the Seitz threshold of
about 25 eV (see [2, 6]) is defined by the
lattice atom energy necessary for that the
atom leaves its site and becomes fixed in an
interstice position. The Seitz threshold is
determined by fixation of first RD appear-
ance as the incident particle energy in-
creases. Because of an ARZ presence near
each v, the primarily stabilized RD (PSA)
appears only if the formed i exits out of the
ADZ of the vacancy that it has leaven.
Thus, the determined Seitz threshold corre-
sponds to the kinetic energy of the formed i
required for its exit out of the ARZ [3, 7}].

The generation of primarily knocked-out
atoms (PKA) is defined either by shock
mechanisms (above-threshold processes) [2,
6] or by under-threshold mechanisms when
the PKA formation is defined by recharging
and bond breakdown at the electronic state
excitation [7, 8]. No matter what is the for-
mation mechanism, the probability of a
PKA exit out of the ARZ is defined by its
mean free path length, A, so that only a
fraction of all PKA defined as

n=e"o/* 3)

will leave the ARZ of their vacancies. Of
course the A value depends also on the PKA
energy and the crystal characteristics; nev-
ertheless, even (3) itself makes it possible to
drawn some conclusions about the RD lot.
Estimations using (1) and (2) made in [3] as
well the calculations presented below
therein show that r°% exceeds r®! several
times, therefore, the path lengths being the
same, the probability of PKA exit and for-
mation of observable RD interacting electro-
statically within their ARZ is several tens
times lower than at their elastic interaction.
Thus, it is of primary importance to deter-
mine whether the formed PKA charged or no.

It has been shown [3] that, according to
the Landau-Zeener criterion [9], already
when the ionic bond fraction is very low
and the PKA energy is lower than 10% eV,
the first excited state of PKA is defined by
the wave function of almost pure ionic
state, therefore, in all A'BV! compounds the
nascent PKA are ions. This is confirmed
also by consideration of the adiabatic
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"stretching” of an ion-covalent bond that
results in an increased contribution of ionic
wave function [3].

The further lots of cationic and anionic
PKA are, however, different. A PKA-anion
contains two captured electrons having the
detachment energy, E;,,, corresponding to
the electron affinity one and amounting 2
to 4 eV. As to a PKA-cation in A'BVl, two
electrons are lost, therefore, E;,, of the
next electron corresponds to the 3rd ioniza-
tion potential, thus, 35 to 40 eV for Hg,
Cd, and Zn.

According to [2], the PKA energy re-
quired for its collision ionization increases
as EZ,. Thus, all other conditions being the
same, the detachment probability of excess
electrons at anionic PKA exceeds at least
100 times that of further ionization of cat-
ionic PKA. Electron capture by charged
PKA-cations with kinetic energy at least
several tens eV is impossible, since even
deep levels of such electrons have energies
about 1 eV, the more that the data of [10]
show that a considerable fraction of defects
has shallow levels, so that essentially all
AIBV! with stoichiometry deviations are low-
ohmic enough.

It is clear that the PKA-anions are neu-
tral already within their ARZ while PKA-
anions are charged. Therefore, according to
(1)—(8), the exit probability out of its va-
cancy ARZ for a charged cation is much
lower than for atomic anion, other condi-
tions being the same. This conclusion is
confirmed additionally by the fect that even
at the same interaction potentials, the 1Z of
anions is always smaller than that of cations
due to lower U, values of the latter [2, 3, 6].

Thus, the defect formation cross-sections
per unit ionizing radiation flux is substan-
tially smaller for PSA-cations than for
PSA-anions.

2. Instability zones and
primarily stabilized RD

We have introduced the term "PSA"
bearing in mind that the PSA after exit out
of their ARZ will interact with each other
ant thus turn out to be unstable, but with
longer relaxation times. At not very high
temperatures, the separated i and v become
stabilized, their annealing activation energy
may be considerable. If a PSA i turned out
to be in ARZ of an already existing v, it
recombines therewith without activation
[2]. It has been shown [1, 4] that this effect
is amplified due to that RD force the de-
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fects of the same sign out of their ADZ into
corresponding ARZ, thus accelerating the
RD curing process. The contributions of
ADZ and ARZ into the accumulation kinet-
iecs turn out to be of the same order of
magnitude. The expressions (1) and (12) for
ADZ and ARZ radii coincide with each
other, of course.

The saturation concentration C,,, corre-
sponds to the situation when any new RD
either appears directly in anyone of accu-
mulated ARZ or, falling into anyone exist-
ing ADZ is forced out into the correspond-
ing ARZ. Since under irradiation equal
numbers of v and i are formed in the cat-
ionic and anionic sublattices, respectively,
it is sufficient to determine, e.g., only i
concentration. Asymptotic solution of the
system of kinetic equations [1] results in
the following expressions for C,,; of PSA
cations and anions:

c. - fag + fag — Foq (4)
L7 (Fyy + F13)(Fag + Fa2) = Frofor’

C. - fia+ f11 - Fi2 (5)
27 (f11 + F11)0Fag * Fa2) — Fiofa1’

where f is the dimensionless IZ volume (the
number of atomic volumes in the 1Z; the
atomic volume is calculated as average one
for each binary crystal), while indices de-
note the radiation-induced defect type gen-
erating the respective instability zone
(index 1 refers to cation, 2, to anion;
primed indices refer to vacancy, non-primed
ones, to interstitial). It is seen from (4), (5)
that C,;, is independent of the RD forma-
tion cross-section and depends only on the
ratio between the ARZ and ADZ dimension-
less volumes.

It is clear from the above that anionic
PSA interact with each other as well as
with other RD only according to the elastic
mechanism while cationic PSA and vacan-
cies interact electrostatically. The elastic in-
teraction of anionic i with cationic ones is
defined by the PSA anion atomic radius and
that of PSA cations included in the Eq.(2)
when calculating AV. We do not consider
the elastic interaction of neutral cationic
vacancies with PSA cations, that corre-
sponds obviously to attraction, since the
collapsing of such RD is impossible, the
more that such an interaction is estimated
to be rather weak. The double-charged cat-
ionic PSA interact with cationic vacancies

Functional materials, 8, 4, 2001
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Table 1. Crystallochemical parameters and values of high-frequency dielectric constant (¢) and
shear modulus (@) of AlIBY' compounds. r is the radius of cation, anion or void T or O position
(lower indices k, a, T and O, respectively). The second lower index i or at refers to ionic or
atomic radius, respectively.

ZnTe ZnSe Zns Zn0 CdTe | CdSe Cds HgTe | HgSe | HgS

Ty 0.88 0.88 0.83 0.83 0.99 0.99 0.99 1.12 1.12 1.12
T at 1.39 1.39 1.39 1.89 1.56 1.56 1.56 1.6 1.6 1.6
Ty 2.11 1.93 1.82 1.36 2.11 1.98 1.82 2.11 1.93 1.82
s at 1.7 1.6 1.26 0.66 1.7 1.6 1.26 1.7 1.6 1.26
re=rys | 0.652 | 0.682 | 0.62 | 0.568 | 0.732 | 0.712 0.7 0.797 | 0.777 | 0.765
Typ=Tpe | 1.148 | 1.058 | 1.008 | 0.773 | 1.166 | 1.076 | 1.021 | 1.181 | 1.091 | 1.035
Foa 1.079 | 1.028 | 0.997 | 0.866 | 1.172 | 1.121 | 1.089 | 1.247 | 1.196 | 1.164
Toh 1.454 1.85 1.287 | 1.021 1.5 1.396 | 1.832 | 1.587 | 1.433 | 1.369
a 6.1 5.67 5.42 4.63 6.48 6.05 5.82 6.47 6.08 5.85
g=n2 9.78 6.5 5.92 4.38 7.6 6.63 5.18 15.6 7.16 8.12
G 22.19 26.25 28.88 27.67 19.11 22.36 25.06 13.43 15.19 | 24.92

by electrostatic mechanism, as well as with
each other. To analyze the radiation resis-
tance of AllBV! semiconductor family, it is
necessary to establish first of all the values
of parameters responsible for 1Z size and
thus, for the RD saturation concentrations.

3. Crystallochemisiry of defects
in AllBV!

AV values are determined in experiment
only for few substances using dilatometry
and X-ray data [2, 8, 11]. In all cases, in-
terstitials spread the lattice while atoms
surrounding v are shifted towards the va-
cancy. For calculations using (4), (5) to
forecast and compare radiation resistance,
an unique system is necessary to estimate
AV a priori. This system should provide the
vacancy size determination, its comparison
with sizes of atoms having leaven that posi-
tion as well as with sizes of particles local-
ized in the corresponding lattice voids. This
universal possibility is offered by the crys-
tallochemical closest packing model of
spherical ions. The sphalerite structure can
be imagined as the closest packing of spheri-

cal anions where a half of tetrahedral (T)
voids is occupied by cations. In the abserice of
the latter, the geometric dimension of T-
voids in the anionic packing is rd = (aV3/4)~

R and octahedral (O) ones, rd = (a/2)-R

where a is the lattice parameter and R, ra-
dius of spheres forming the primary pack-
ing (in this case, the anion ionic radius). Of
course, when a half of T-voids is occupied
by cations spreading the primary packing,
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the geometric dimensions of free T and O
positions are increased, so that their mean
dimension takes the value

rp=0.5R; + 0.5(—2\/-6— - 1)32, (6)

To=3Ri+|3

V8 (\/'3“ + g - 1)R2, M
where R; is radius of spheres filling the
voids in the primary packing (in this case,
cation ionic radii) while R,, radius of
spheres forming the primary packing (in
this case, the anion ionic radius) [3].

The void T position has definitely
smaller radius as compared to that of the
cation in the same position. Let the vacancy
radius r,, in the cationic sublattice to be
equal to ry in the anionic packing of the
lattice. Both cationic and anionic sphalerite
sublattices are crystallochemically symmet-
ric, thus, the sphalerite unit cell can be
described equivalently also as a packing of
spherical cations where a half of T positions
is occupied by anions spreading the initial
packing, this time the cationic one. Let us
assume that the radiation-induced vacancy
radius in the anionie sublattice, Fuar 18
smaller than that of the ion having leaven
the corresponding position, just as in the case
of r,p. This assumption is in agreement with
numerous experimental data [2, 3, 11, 12].

In the Table 1, presented are radii of an-
ionic and cationic v as well as T and O
position radii for different compounds. Ac-
cording to the above, only atomic radii are
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Table 2. Saturation concentrations of cations (Cy;) and anions (Cy,), the instability zone radii r
and relative volumes (f). Lower indices denote the RD type responsible for the corresponding
instability zone: 1 refers to cation, 2, to anion, primed indices refer to vacancy, non-primed, to

interstitial.
ZnTe ZnSe ZnS Zn0 CdTe CdSe CdS HgTe HgSe HgS
1 22.16 | 26.14 | 26.78 | 28.79 | 25.82 | 26.74 | 29.68 | 18.03 | 25.80 | 21.26
fi1 3425 6795 8255 18184 4621 6142 9430 1390 4843 3025
ry 22.16 | 26.14 | 26.78 | 28.79 | 25.82 | 26.74 | 29.68 | 18.03 | 25.80 | 21.26
fir 3425 6795 8255 18184 | 4621 6142 9430 1390 4843 3025
oo 11.96 | 11.15 7.65 1.77 11.59 | 10.74 7.29 10.43 9.62 7.05
fao 538.5 | 526.8 | 192.3 4.23 418.4 | 397.8 | 139.6 | 269.4 | 250.6 | 110.4
Togr 13.66 | 12.46 9.94 3.73 13.29 | 12.06 9.59 12.01 10.86 9.40
fogr 801.7 | 735.99 | 421.5 | 39.48 | 630.3 | 563.5 | 317.8 | 411.3 | 360.6 | 261.8
o 7.14 7.12 6.00 2.93 8.12 6.80 8.34 8.15 7.43
fi2 114.6 137.1 92.89 19.06 150.4 171.8 1134 137.5 152.6 129.2
a1 7.14 7.12 6.00 2.92 8.12 6.80 8.34 8.15 7.43
fo 114.6 137.1 92.89 19.06 150.4 171.8 113.4 137.5 152.6 129.2
Cop> 1074 1.3 0.7 0.5 0.2 0.7 0.4 2.9 0.8 1.6
Cos» 1074 7.5 7.9 16.3 228.8 10.4 21.9 14.7 16.4 26.9

adopted for PSA anions while ionic ones,
for cations. The radius values are taken
from tables by Bokiy [13]. In [13], there are
no data on oxygen and sulfur atomic radii.
We have estimated those values extrapolat-
ing the dependence of known atomic radii
on the main quantum number for outer
electron shells of elements. The linear ex-
trapolation was carried out basing on the
multi-interval interpolation. Cubic splines
were selected as interpolating function.
When extrapolating, the slope of the linear
section was assumed to be equal to the first
derivative of the spline function at the end
of the interval. Basing on that procedure,
atomic radii of oxygen and sulfur have been
estimated to be 0.66 A and 1.26 /o\, respec-
tively. The plausibility of the values so ob-
tained is evidenced, in particular, by the
fact that the value obtained for sulfur coin-
cides with the "covalent” radius in [13] cal-
culated from the molecular spectroscopy
data.

Calculations of vacancy size using (6),
(7) do not aspire to accuracy but make it
possible to carry out a comparative analysis
of RD lot in different compounds. Table 2
presents the calculated values of IZ radii
and relative volumes for all RD that may
contribute to the RD recombination due to
their interaction. The v-v interactions are
excluded, since their migration energy
amounts at least 1 eV, thus, vacancies re-
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main immobile at any interactions with de-.
fects. Data on the ionic, atomiec, and va-
cancy radii allow to calculate AV initiated
by any defect for calculation of the IZ size
in (2).

Neither experimental nor calculated data
on U, are known for AllBVl, Nevertheless,
estimations made by Seitz and Harrington
[6] as well as experimental data for numer-
ous metals, graphite, alkali halide crystals,
and magnesium oxide show that the U, for
interstitials is of the order of 0.02 to
0.2 eV, U,, values for i-anions exceed those
for cations [3, 11]. When calculating the IZ
size using (1), (2), we assume U, = 0.1 eV
for cations and U,=0.2 eV for anions.
When calculating r¢¢ (1), the high-frequency
value € = n2 is used where n is the refrac-
tive index taken from [13]. When calculat-
ing re! (2), the Young modulus E and the

Poisson coefficient p values for ZnSe and

. ZnS taken from [14] are used to determine

the shear modulus G = E/2(1 + p). Since we
could not find the G values for other Al'BY!
compounds, we used the known semi-empiri-
cal relationship to estimate them. According
to that relationship, for isostructural com-
pounds the ratio of shear moduli is close to
that of absolute melting temperatures [3].
The values of the latter are taken from
[14]. All parameters mentioned are pre-
sented in Table 1.
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4. Discussion

The above analysis shows that the PSA
cations bear a charge while PSA cations are
in the atomic state. It seems to be surpris-
ing at the first glance that chemically ac-
tive particles stabilized in the surrounding
of the lattice atoms remain unionized and
do not enter any chemical binding with
their neighbors. Meanwhile, the impurity
particles in numerous semiconductors and
dielectrics localized in sufficiently large
voids of crystal lattice turn out to be in
atomic state even under equilibrium condi-
tions [8]. The more probable seems to be
that at the "forced"” localization of a radia-
tion-induced interstitial, when the whole
lattice re-building has no time to occur, the
particle remains in the electron state that it
had prior to localization in the void posi-
tion.

The calculations show that the elastic in-
teractions of charged cationic i with other
defects are weak due to the cation dimen-
sions are small (fy3<<(fi; + f11’)). This
makes it possible to simplify the expres-
sions (4), (5) for C,,

_ 1 (8)
Co1 =77
o1 f11 + fir
_ 1 9
Chg = ————.
02 fag + fao

It follows from (7) that, since PSA-cat-
ions are charged and their interaction with
cationic i and v are defined by large Cou-
lomb IZ (1), the PSA-cations may be local-
ized in the PSA state only in interstices
between anions. No matter where they are
localized, however, they generate the Cou-
lomb IZ, while the IZ of elastic origin is
negligible and plays no part at all with re-
spect to C,,;. For cations, Cy; is much less
that Cy, of anions. This is seen from the
Table 2 where results of numerical calcula-
tions are presented taking into account only
recombination processes of PSA, that is, of
PKA that have already leaven their IZ.
Under account for that the number of PSA
being formed from PKA-cations is much
less than that from anions (as is shown
above), this difference increases addition-
ally. The anionic and cationic defect sys-
tems surprisingly turned out to be essen-
tially independent of each other. Thus, the
proposed  model forecasts that in
stoichiometric A!BY! single crystals under
high irradiation doses, anionic RD are accu-
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mulated in concentrations several decimal
orders higher than C,,, of cationic RD. An
account for the difference of energy trans-
ferred to PKA-anions and PKA-cations, at
least at shock mechanism of radiation dam-
age due to different PKA masses, may
change the concentration ratio by several
times, but the orders of magnitudes remain
unchanged.

Meanwhile, in the classical work [15], it
has been demonstrated reliably that it is
just only cationic RD that are found in ir-
radiated ZnSe while in [16], the anionic RD
are supposed to form not at all. How this
agrees with resulfs obtained basing on the
model proposed here ? It has been shown [1]
that the presence of pre-irradiation vacan-
cies or interstitials associated with the
stoichiometry deviations towards an excess
of one component results in changes in C,.
This is one of possible explanations of dis-
crepancy between the model and experi-
ment. Another possible interpretation is
that, since anionic RD are neutral atoms,
they are difficult to be detected at all and
impossible in principle when EPR methods
are used taken as the base for conclusions
drawn in [15]. Accumulation of neutral in-
terstitial atoms and uncharged anionic va-
cancies in A!'BV! under irradiation can be
detected by changes in the electron and hole
mobility, appearance of shallow trapping
levels thereof and recombination centers in
the forbidden gap, by far UV spectra where
absorption bands of such atoms may be ob-
served. Generally speaking, neutral defects
may influence considerably the lifetimes of
excited states, in particular, the lumines-
cence characteristics. The sample micro-
hardness measurements after high irradia-
tion doses are also informative. It has been
shown [1] that C,,, values characterize the
RR properties: the higher C,,, is, the lower
is RR. The results of this work have shown
that two RR characteristics are to be
pointed for binary semiconductors, that is,
cationic and anionic one (RRC and RRA,
respectively). The first exceeds formally the
seeond, but it is just the latter (cationic)
RR that may effect considerably stronger
on the crystal parameters.

Calculations (see Table 2) evidence that
from the viewpoint of anionic radiation re-
sistance (RCA), it is just ZnTe and ZnSe
that are best materials while ZnO is the
worst one. As to RRC, CdS and ZnO are at
the first place while HgTe has the worst
resistance. In the sequence of RRA, a trend
is observed that sulfides are more resistant
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than selenides while those exceed tellu-
rides. An opposite trend can be traced as
to RRC: the cationic radiation resistance of
MeX compounds increases in the X sequence
Te-Se—-S—0. No similar sequences can be
observed for different cations.

At end, some additional notes can be
made. As to lot of atomic i-anions that may
be localized with equal probabilities in any
of four possible void positions of the lat-
tice, that is, in T and O ones of both cat-
ionic and anionic packings: in the T posi-
tion of anionic packing, any anion spreads
the lattice. All neutral atoms except for
oxygen spread the lattice both in O anionic
position and in T cationic one, while in O
cationic packing, not only oxygen but also
sulfur atoms are smaller than the position

geometric dimension. When atoms spread

the lattice and generate elastic stresses, this
results, as it has been shown, in the satura-
tion effects of the RD concentration. When
the localized atoms are smaller than corre-
sponding voids, these atoms do not interact
with other ones and become accumulated in
the lattice. If the distance between two such
atoms approaches the interatomic spacing,
formation of S, and O, molecules is prob-
able, that is, radiolysis of ZnO and sulfides.

As to lot of charged PSA cations local-
ized in the anionic packing voids, three al-
ternatives are possible in general case.
First, cations may trap an electron to
atomic orbital and become neutral. Second,
PSA cations may trap an electron to a deep
level. In the third case, the local levels near
the cation are shallow, so the electron are
free at not very low temperatures. The first
case, as we have seen, is excluded. The sec-
ond one has been studied in [1] and is quite
probable under non-equilibrium conditions.
Experimental data [10] show, however, that
essentially all studied APBY' crystals with
stoichiometry deviations exhibit a very high
electronic conductivity in equilibrium. This
evidences that at least a substantial frac-
tion of lattice defects gives shallow levels in
the forbidden gap. Therefore, it is to dem-

onstrate that a substantial fraction of PSA -

cations interact in fact electrostatically
with each other; their charges are not
shielded, since the shallow centers are ion-
ized completely even at moderate tempera-
tures.

Conclusions

1. A method has been proposed for com-
parative radiation resistance calculation of
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AlBV! semiconductor compounds taking into
account crystallochemical parameters of in-
stability zones of radiation-induced defects.

2. The accumulation of anionic defects
under ionizing irradiation has been shown to
exceed considerably that of cationic ones; thus,
the corresponding saturation concentrations
are essentially independent of each other.

3. Within the frame of the model pro-
posed, it has been shown that anionic de-
fects are most probably electrically neutral
while the cationic ones bear an electric
charge and, as a result, influence much
stronger the crystal electrical properties, in
spite of their lower concentration.

This work was supported by INTAS
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ITopiBHANBPHEUN aHANI3 HAKONMMYEHHA pagiamiiHEMX
nedexriB B HamiBmposigaukax Al'BY!

B.M.Kowkin, I.B.Cuneavnux, B./].Puxcuxos,
A.Il.Tanvwuneyvrxuit, M.I'.Cmapixcuncoruil

SanpononoBaHo KpucTadoXiMiuumilt MeTon ananisy HaKONMYeHHA pafialilfHMX TOYKOBHUX
medexTiB qua ouninkm pagianiiiHoi criiKocTi HaMiBIPOBIAHMKOBUX CIOJYK AllVI, ek meTon
J03BOJIfE 3icTaBasaTH paziyem 3oH abconioTmol HecrabinbHOCTi medekTis, 1m0 B3acMoOZiOTH i3
pisHuMu NoTeHniajamMu, i, TAaKMM YWHOM, piBeHb pafianiiinoi cri#ixocri kpucraniB. Ilokasa-
Ho, 1o Bu6uTi MixpyseapHuru-xationnm B A'BY) sapsmxeni, TumMuacom sx amiomm, mo
JOKAaNi30BaHi y MiMKBY3eJBHUX NO3UIIAX, 3aJumaloThca HelTpadnrHuMu. Ile mpuBoauTE X0
[EePeBAYKHOrO HAKONKMYEHHA AHIOHHMX Je(eKTiB, THM 4YACOM SK CaMe KATiOHHI AederTH
HafbGiNBIIOI0 MipOI BIJIUBAIOTHL HA 383HaYeHi BJACTHBOCTI HANIBIPOBIAHMKIB.
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