FIZIKA 1997 CILDIII Me4
CONDUCTIVITY OF HgTe CRYSTAL UNDER CONDITIONS OF ELECTRON
AND PHONON HEATINGS
M.M. BABAYEV

Institute of Physics of Academy of Sciences of Azerbaijan,
370143, Baku, H Javid prosp., 33

The conductrvity of HgTe & low lamice temperature s studsed. It s shown that longwave acoustic phonons m HgTe are heated sroeghy
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compared with expermmental data

In the papers [1.2] the conductivity of HgTe at liquid he-
hum temperature has been studred expermentally and a non-
imeanty of currens-voltage characteristic has been observed.
It is shown that under conditions of the experiments [1.2] the
heating of clectrons does not influence s mobility u. How-
ever, the noalinearity s related to increase of the concentra-
tioas of electrons and holes i the electric feld.

Theoretically the noalinearity in the HgTe was studied in
the papers [2-5]. It was shown that under conditions of ex-
periments [1.2] heating both of eclectrons and holes
(T,=T.>T, T is the lattice temperature) [3] and longwave
(LW) optic phonoas also (T,=T,) [4] takes place. In the pe-
pers [2-5] it was assumed that LW acoustic phonons (which
imteract with electrons and holes) were in beat equilibrium
with the lattice In the present paper it s shown that m HgTe
at low lattice temperature (in particular, under conditions of
experiments [ 1 2]) LW acoustic phonons are heated strongly,
and it is necessary to take into account thew heating.

The basic equations of the problem are equation of neu-
trality and energy balance equation We assume that the ac-
ceptor concentration is sufficiently small and 2l the docors in
HgTe are ionized (2] In this case equation of neutrality has
the form o+ N=n, where N, , 1 and p are the concentrations
of domors. electrons and holes, respectively. Let us assume
that the equivalent electrochemical potential of electroms
=0T, >1. ie the electron gas is strongly degenerated and

the bole gas s nondegenerated. In this case-
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The energy balance equation has the form of =¥, +#.,
where o'is the conductivity, £ is the electric field strength, W,
and W are the energy losses of electron-hole gas due to sca-
tering at acoustic and optic phonons, respectively. The en-
ergy loss W, was calculated in the paper (4], and ¥, is calcw-
iated in the present paper.

We assume that for the LW acoustic phonons the distri-
bution function has the form of the Planck distnibution with
the temperature T. [6]. Caiculations show that the energy of
clectron-hole system is transferred 0 acoustic phonons
mainly by boles and
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where 3 and © are the constants of the deformation potential
[4], o is the mass density of the crystal.

LW acoustic phonons transfer the energy obtamed from
electrons and holes to the thermostat Under conditions of
experiments (1.2] main mechanism of energy scattering of
LW acoustic phonons is scatiering by the crystal boundaries.
In this case scattering energy is

where o, is the mass density of liqued He, 5; 15 the sound
velocity n He, L is the size of the sample. At equilibrium
conditions #,= N, .. In this case from (2) and (3) we obtaim
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For the HgTe placed mwo liqusd He it follows from (4)
that T,-T,<<T,-T, ie. T=T,. So, in HgTe at low lasiice
temperature the LW acoustic phonons are in the state of heat
equilibrium with beated electrons and holes, and one cannot
consider them t be a part of the thermostat “Narrow throat™
for the scatierng of the clectron energy by acoustic phonons
is the channel by which the energy is ransferred from the
Bcoustic phonons o bguid He.,

For HgTe the conductivity is o=enu +epgeeng. In
order to determine conductivity o (£) or concentration of
electrons o (£) s a fumction of electric field £ (mobility of
electrons 4. is considered as 2 parameter taken from the ex-
periment) one must determine at first £(Z) and T, (5). The
concentration of donors is determined from the value of
electron concentration 1 (0) in the absence of the electric
field. From the equations of ncutrality and energy balance we
obtain the followmng set of equations:
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where 8=T,/T,a; is the lattice constant, &, and . are the
frequencies of optic phonons, =, and s, are the velocities of
longitudinal and transverse sound in the crystal respectively.
The numencal solution of equation set (S) gives the depend-
ences on §and 5 versus the field £ The calculations are pro-
2. <0032; =052, he=0017 eV, he=0015 &V,
52810 cmis, ==1610° cmis s,~1810° cmfs,
16510%m, o8 igmian’, p~0.1l4gmicm’, 2=27eV,
=13 eV. The values of ™42 K n/0)=210" cm”,
=10" cm®V-s, £=0.01 cm are taken from the experiments
nz

The results of calculations for the §7Z) and 1 (E) show
that the clectron-hole system is heated significantly at the
values of field £ 2 0.1 Viem. Inchusion of energy loss cannel
due to the scattering by optic phonons occurs i £ 2 | Viem
(& 2 3). The theoretical dependences #(E) on 7(£) and are
shown in Fig |. In Fig 2 the dependence on electron concen-
ration o {E)obtained from the (1) and (5) is shown as a
function of field £ Experimental results of works [1,2] are
also shown here. The comparison of theoretical dependence
with experimental resuits shows that the theory satisfactonily
describes the eapermment. However, there is some difference

at the weak electric fields. This difference may be related w0
possible roke of acceptors in the experiments [1.2]
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Fig | The dependence of nondancnsional clectron temperature
& md equivalemt clectrochemcal potestial 7 on the
clectnc ficld £
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Fig 2 The dependence of ciecwon conceatraion » on the edec-
e fecld £ The imec = theory dae, pomis me cxpen-
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ELEKTRON VO FONONLARIN QIZDIGI SORAITDO HgTe KRISTALININ ELEXTRIK KECIRICILIYVE

cleitron iemperaturuna qeder qumas vo bu gurmamn cektrik kegmainmin hesablanmannda ezere ahnmasmm zeranin gistand-

apanimepdir.
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