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INFLUENCE OF THE POTENTIAL FLUCTUATIONS
ON THE CONDUCTION OF In;Te; AND HgsIn;Tes COMPOUNDS
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Current-voltage characteristics (If\/) of the InyTes and HgsInaTes compounds under warming
electric field in dependence on doping have been investigated. It is shown that [-V are caused by
two mechanisms: carrier heating and decrease of conductivity activation energy while percolation
level is also decreasing. Characteristic space and energy sizes of random potential, which modulates
the bottom of conduction band and their dependence on the doping impurity type were estimated.
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InyTes and HgslnyTeg compounds are semiconductor
crystals that have a zinc-blend lattice containing high
concentration (5.5-10%! and 2.7-10?! em ™3 respectively)
of stoichiometric vacancies. On the one hand such defec-
tiveness of cation sublattice leads to a distortion of peri-
odicity and potential field. It causes localized state for-
mation in energy gap, arising the tail of absorption edge
[1,2] and static negative S-type differential resistivity [3]
as well, that approaches the object investigated to un-
ordered semiconductors [4]. On the other hand, crystal-
lochemical peculiarities of semiconductors with stoichio-
metric vacancies cause specific, but very useful properties
for practical applications such as wide spectrum ranges
of photoconductivity (0.74-3.5 ¢V) and transparency (2—-
25 pm), wide temperature range (7>150 K) of intrinsic
conductivity, electrical inactivity of introduced impuri-
ties and high irradiation resistance of parameters to ex-
ternal radiation. InyTeg and HgslnyTeg crystals are per-
spective materials for fabrications of photodiodes, op-
tical filters, X-ray and nuclear radiation detectors [5],
that makes it actual to investigate semiconductors with
stoichiometric vacancies. Further study of phenomena
caused by stoichiometric vacancies will lead to a signif-
icantly deeper understanding of the properties of semi-
conductors with uncompleted lattices.

The object of the present work is to investigate the in-
fluence of doping on I-V of InyTes and HgsInsTeg com-

pounds and to determine why I-V deviates from real
conductivity in positive differential resistance region. We
used the InsTes samples, undoped and doped with Fe,
Mn and Cu up to the concentration of 5 - 10?° cm™3
and HgslnsTeg samples, doped with Fe, Cu, and Sn up
to the concentration of 8 - 10! em~3 and undoped ones
to perform the measurements. Because of high values of
the energy gap F, and stoichiometric vacancy concen-
tration InsTes specimens had greater electrical resistiv-
ity than that of HgsInyTes specimens. Inspite of a high
impurity level the resistivity of doped specimens remains
within proper dispersion range of resistivity distribution
along the ingot at the absence of special doping. The
[-V were measured at room temperature in continuous
current regime for massive specimens with the width of
0.02-0.2 cm. It was noticed that type of contacts has no
essential influence on I-V curves. Figures 1 and 2 plot
the experimental (points) dependencies of current den-
sity j versus the electric field £. One can see that in weak
fields the dependence is linear j = o¢F, which means
that Ohm’s law takes place. At electrical fields that ex-
ceed some critical value E., the situation changes and
the Ohm’s law is not being fulfilled any longer for the
specimens investigated. It turned out that doping of our
crystals leads to a decrease of critical field value Fq, (see

Table 1).

Compounds  |og, Ohm~™*em™!{a?, cm?/V?| b v |Fer, V/iem| r,cm |Vp, eV
InsTes 1.4-10°7 1.3-10-% [0.017]|0.86 3834 6.7-107°| 0.274
InyTes <Cu> 1.3-1077 4-107°% ]0.024|0.86| 3493 [7.4-107%] 0.525
InsTes <Mn> 4.4.1077 2.8-10~% {0.042(0.92 1837 1.4-107%| 0.554
InsTez <Fe> 3.3-1077 1.6-107% ]0.036/0.96| 2830 [9.1-1075| 0.494
HgsIn,Teg 9.1-10~4 0.946 0.179]0.86 52.6 4.9-107%| 0.317
HgsInsTeg <Fe> 6.3-107* 0.306  ]0.271|0.86| 41.9 {6.2-107*| 0.592
HgsIns Teg <Cu> 1.1-1073 0.228 ]0.258|0.86| 38.2 |6.8-107%| 0.476
HgsInsTeg <Sn> 8.8-107* 0.275 ]0.273|0.86| 344 |7.5-107%| 0.475

Table 1. Parameters of InsTes and HgsInyTes crystals and coefficients of (1).
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It is known [6,7] that deviation from Ohm’s law might
be due to carrier heating phenomenon and decrease of
conductivity activation energy because of percolation
level reduction as well. Considering this, the formula for
[-V curve can be written in the following form:

2
=B ————  exp(bEY (V) , 1
J 0 ¢1+ 11 84252 p( ) (1)

1 1 1/(14v)
b= ﬁ (Zervov) ; (2)

where oq is electrical conductivity in the weak electric
field E < E.., a’ is a quantity describing carrier heating
at the presence of acoustic phonons [6], 7 is space size of
random potential, V; 18 random potential amplitude, v
is critical index of percolation theory [7].

Figures 1 and 2 show that experimental I-V curves
are well described by dependence (1) in all the investi-
gated range of the electrical field tension. Using the fact
that experimental and calculated values of current den-
sity must coincide, we determined parameters of formula
(1), values of space size and random potential ampli-
tudes, using expression [7]:

eEBor < kT, (3)

Obtained parameters are presented in the Table 1.
Critical index for different specimens appears to be
close to the theoretical value vy, = 0.88 [7]. The obtained
amplitudes of random potential that fulfills V4 > £T,
allow us to consider potential fluctuations studied to be
large-scale and proves that the real conductivity

o~ exp{=(Vp —p) KT}

is caused by activation of electrons from Fermi level pu
to percolation level V, of conduction band, which is dis-
torted by random potential. At electrical fields F > F..
activation energy decreases that causes percolation level
reduction. It leads to an increase of charge carrier concen-
tration, rises the value of ¢ and makes I-V dependence
non-linear. It is obvious that doping leads to an essential
increasing of energy and space size of random potential
that indicates the increase of unordering of In;Tes and
HgsInsTeg structures under impurity injection [7].
Therefore, using experimental and theoretical calcula-
tions we confirmed in this work the existence of intrin-
sic random potential with sufficiently large amplitudes
and space size in undoped the InyTes and HgslnsTeg
crystals. The existence of this large-scale potential can

influence considerably on galvanomagnetic, optical and
photoelectrical phenomena in the InyTeg and HgzlnsTeg
compounds. It is necessary to study of this phenomenon
further.
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Fig. 1. Current-voltage charactaristics of undoped (1) and
doped Cu (2), Fe (3), Sn (4) HgsIn,Tes samples. Impurity
concentration is 8 - 10'® cm ™ for all the samples. Solid lines
represent results of theoretical calculations with formula (1).
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Fig. 2. Current-voltage charactaristics of undoped (1) and
doped Cu (2), Fe (3), Mn (4) InpTes samples. Impurity con-
centration is 5 - 10%° ¢cm™ for all the samples. Solid lines
represent results of theoretical calculations with formula (1).
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BIIJINB ®JIIOKTYAIIA HOTEHIISIITY
HA TTPOBIOHICTD CIIOJIVK In,;Te; I HgsIn,Teg

II. M. Topaeii, O. I'. I'pymka, 3. M. I'pymka
Yeprniseuyvruti naytonarvruti ynicepcumem imens fOpia Qedvrxosuna, xadedpa Pizuunor eaexmponixu
ey.a. Kowoburcovroeo, 2, Yepnisut, 58012, Yxpaina

Hocnimxeno Bosibramuepti xapakrepuctuku (BAX) y cronykax Inp Tes 1 HgaIno Teg B aisisnmi rpirounx enext-
PUYHEX MOJIB 3aJIeXKHO BiO JeryBanud. [lokasano, mo BAX 3ymMoBieH] qpoMa MexaHI3MaMMi: HasgBHICTIO PO3ITpIiBY
HOCIIB Ta 3MeHIIeHHAM eHepril aKTHBallll IPOBIIHOCTH IIPH MOHMWXKEHHI piBHA mpoTikamHdA. OIfHeHO XapaKTepHl

MPOCTOPOBI i eHepreTudHi PO3MIpU BUIAJAKOBOTO MOTEHINANY, AKUHA MOMIYJIIOE IHO 30HM IIPOBITHOCTU, Ta IXHIO
3aJIEXKHICTD Bid THIY JIET'YIOYOl JTOMINIKHA.
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