ISSN 0003-701X, Applied Solar Energy, 2015, Vol. 51, No. 2, pp. 117—119. © Allerton Press, Inc., 2015.
Original Russian Text © A.Yu. Leiderman, A.S. Saidov, M.M. Khashaev, U.Kh. Rakhmonov, 2015, published in Geliotekhnika, 2015, No. 2, pp. 36—39.

HELIOTECHNICAL

MATERIALS SCIENCE

Study of GaSb Doped with Te as a Material
for Photovoltaic Systems

A. Yu. Leiderman, A. S. Saidov, M. M. Khashaev, and U. Kh. Rakhmonov
Physicotechnical Institute, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
e-mail: ley@uzsci.net
Received July 7, 2014

Abstract—The article reports the results of study of #n-GaSb(Te) specimens with plain ohmic contacts and
demonstrates that at 7> 50°C the studied structure generates current (up to 0.4 nA at 7= 200°C) and voltage
(up to 0.4 mV at T = 210°C). These phenomena are attributed to thermally stimulated decomposition of
“shallow donor + vacancy” complexes with subsequent formation of periodic distribution of concentration
of vacancies and shallow donors over the specimen length.
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GaSb semiconductors in recent years have become
known as promising materials for photovoltaic sys-
tems. In particular, works [1, 2] demonstrate their
promising character for the production of solar cells.
The aim of the current work is study of the thermal
voltaic properties of GaSb. The main attention is paid
to the effects running in semiconductors under the
influence of uniform heating. Such phenomena have
been observed in certain semiconductors of the A''BY
family: GaAs doped with Sn [3, 4], GaAs doped with
Te [3], and InP doped with Te [5]. In all these works
the occurrence of current and/or voltage was observed
in specimens with plain ohmic contacts under the
action of uniform heating; the current and voltage also
occurred at rather moderate temperatures, slightly
exceeding the ambient temperature (7> 50°C, 60°C).
It is important to note that these effects were observed
only in semiconductors of the A!MBY family grown by
the Czochralski method and possessing n-type con-
ductivity. Explanation of these phenomena is based on
the fact that during growing of such materials they
actually have no free vacancies because they are com-
bined into complexes with shallow donors. As demon-
strated by EPR analysis, such complexes are not
observed in the materials of the AMBY family, possess-
ing p-type conductivity [6]. Work [3] provides an
explanation of the thermal voltaic phenomena in the
materials of the A''BY family, grown by the Czochral-
ski method and possessing n-type conductivity, on the
basis of the following model. All these materials ini-
tially do not contain free vacancies because they are
combined into the “shallow donor + vacancy” com-
plexes. During uniform heating of a homogeneous
specimen, these complexes are decomposed under the
action of temperature and if their decomposition is
more intensive than the formation of the complexes,
the processes of self-arrangement are initiated and

periodical distribution of vacancies along the speci-
men length can occur. At the same time, shallow
donors are also released with the consequence that
their distribution along the length also becomes peri-
odical. Therefore, isotype potential barriers of the
n—n* type are formed along the specimen. Free carri-
ers, generated under the action of heating, are sepa-
rated on these potential barriers, and this leads to gen-
eration of current and/or voltage, which are synergetic
in their essence.

If this qualitative model is valid, then similar phe-
nomena should occur in the GaSb semiconductor
doped with tellurium, since it belongs to the A"'BY
family, possessing n-type conductivity and grown by
the Czochralski method. If in a homogeneous speci-
men of such material under the action of heating the
“shallow donor + vacancy” complexes are decom-
posed, then, as described in detail in [3], the progress
of self-arrangement can cause a periodic distribution
of the concentration of vacancies along the specimen
length.

V = Vy+ V*sinox, 1

where ¥}, is the average concentration of vacancies,
V* is the amplitude of their variation, and o is the fre-
quency of their distribution along the length; at the

same time,
IK(0)
D, (2)

where K(Q) is the temperature-dependent coefficient
of decomposition of “shallow donor + vacancy” com-
plexes and D), is the diffusion coefficient of vacancies.

w =

Since each complex is comprised of one shallow
donor + one vacancy, the same amount of shallow
donors is released in the given process, and as a conse-
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Fig. 1. Qualitative course of concentration curve of vacan-
cies Vand donors N, along the specimen length.

quence the concentration of doping shallow donors
ceases to be constant and acquires a periodic nature

(Fig. 1):
N, = Ny + V¥sinox, A3)

where N, is the total concentration of donors and
N, is the initial concentration of donors.

The second term in Eq. (3) describes the number of
donors released as a consequence of decompositions
of the complexes.

Therefore, a series of potential barriers with diffu-
sion potential is generated in the material along the
specimen:

= k—Tln&

Vo ,
NdO

e 4
q

where N, = n,, is the concentration of electrons in the
initial material.

Usually during heating free carriers are nucleated,
a portion of them are recombined, and then a new
equilibrium concentration is established; i.e., initially
the process is described as follows:

dn

i U-0(7), %)

n—n
where U= 4

is the recombination of free carriers,
Tl'l

Q(T) is the heat generation, and t, is the lifetime.

Under stationary conditions (dn/dt = 0) U = Q, and

the established new concentration is

n=n,+1,0, (6)

where 1,0 = An is the additional concentration of
electrons occurring as a consequence of heating,
whereas An will increase with temperature. In a con-
ventional material without decomposition of com-
plexes and periodical variation of the concentration of
donors the concentration of electrons will increase
with temperature (Fig. 2).
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Fig. 2. Qualitative course of concentration curve of elec-
trons in semiconductor during heating: curve /—initial
state (with initial concentration #,)); curves 2 and 3—uni-
form increase in electron concentration with temperature
n(ty) = n, +1,0(t)), n(ty) = n, + 1,0(1,); curve 4—vari-
ation of electron concentration stipulated by periodic dis-
tribution of shallow donors occurring upon decomposition
of “shallow donor + vacancy” complexes as a consequence
of uniform heating.

However, in our case, when the concentration of
dopant becomes periodical along the length, the con-
centration of free electrons also becomes periodical,
or at least acquires a periodic component:

n=n,+1,0+ Vtsinox. (7)

Using boundary conditions, conventional for study
of synergetic processes, and without excitation at the
specimen edges we have

n|x=0 = }’l,,+’CnQ(T), (73.)

which evidences the progress of self-arrangement
exclusively in the specimen itself, without any effects
of contacts. When the concentration of electrons starts
to obey Eq. (3), its view can be qualitatively illustrated
in Fig. 2 (curve 4). Since the semiconductor has iso-
type potential barriers, internal electric field Ej is
formed here. Correspondingly, at the boundaries of
opened specimen there is formed a dynamic differ-

ence of potentials V, = r Epdx, which should be rea-
0

sonably considered as synergetic thermal EMF:

_ _kT(-1), nd)
0= T D) M0 )

This EMF is determined by the drop of the con-
centrations of free carriers, spontaneously occurring
in a homogeneous semiconductor under the action of
uniform heating. Such synergetic thermal EMF differs
in principle from the conventional Dember EME,
which is known to be formed as a consequence of
external (caused, for instance, by injection) variation
of the concentration of carriers. The only common
property of these two EMFs is their equal dependence
on the difference of mobility of electron and holes.
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Fig. 3. Current (a) and voltage (b) as functions of temperature for n-type GaSb(Te) specimen with ohmic contacts. Schematic

view of a specimen is illustrated in Fig. 3a.

Total voltage drop on specimens is determined as
follows:

d d
Ly kT(h-1)fdn
qu,(b+1)Jn g (b+1) n

0 0

Using Eq. (7) for the concentration of electrons, we
obtain the final dependence of current on voltage:

)

where
2
Jo = qD,(b+ 1)(nn:rnQ(T)) Can
d(nn +1,0(T) + %(coswd— 1))
and
Voc = VIJ:O
_ _k_T(b—l)]n(l . _Visinod (12)
g (b+1) n, +1,0(

can be considered as the synergetic Dember thermal
EME

In order to experimentally verify the validity of this
model, specimens of GaSb doped with Te were used,
possessing n-type conductivity with initial concentra-
tion n, =2 x 10'7 cm~3. The thickness of the specimens
was d = 530 um and the cross-section surface area was
S = 63 mm?. They were equipped with ohmic contacts
made of Ag, solid on one side and in the form of a strip
on the other side. The measured results of the current
and voltage dependences are illustrated in Figs. 3a and
3b. In the depicted curves of J(7) and W(T) it can be
seen that under the influence of uniform heating the
specimens with plain ohmic contacts generate current
and/or voltage.

APPLIED SOLAR ENERGY Vol 51 No.2 2015

Therefore, the performed study demonstrates that
the GaSb(Te) semiconductor, as well as other materi-
als of the A"'BY family with n-type conductivity grown
by the Czochralski method, possess thermal voltaic
properties. Under the influence of heating at 7> 60°C
the self arrangement of vacancies and shallow donors
initiates, which leads to the generation of synergetic in
character current and voltage in a specimen with plain
ohmic contacts.
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